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ABSTRACT

alpha-1-antitrypsin (AAT) is a serum protease inhibitor whose
major physiological target is neutrophil elastase in the lung.
The
AAT Z variant is not properly secreted into the circulation, but
accumulates in the endoplasmic reticulum of the hepatocytes that
synthesise it.
Individuals that are homozygous for the Z allele
usually develop chronic emphysema and/or liver disease as adults,
but a proportion (10%) develop neonatal liver disease. There is no
heterogeneity in the Z allele. However, it is known that the risk of
neonatal liver disease to a homozygous ZZ infant varies between
families indicating that additional environmental or genetic factors
may play a role in its etiology.
An attempt was made to reproduce aspects of the AAT related liver
disease in mice in order to investigate which additional factors
may contribute to the development of the childhood disease.
An
AAT Z construct was introduced into mice in order to test whether
this would result in liver disease despite the presence of normal
endogenous mouse AAT.
First the AAT Z gene construct was produced by a novel technique
involving homologous recombination in E. Coli which was between a
cosmid containing a normal human AAT gene and
a plasmid
containing an exon of the gene with the Z mutation.Secondly a
facility for generating transgenic mice was established and two
lines of mice carrying the AAT Z construct were produced. One of
these lines expressed the transgene.
The expressing
Z line was
compared to other lines bearing the same construct and to lines
bearing the normal human AAT gene.
The circulating human AAT protein in these mice was analysed by
isoelectric focusing. The normal and abnormal variants were shown
to be processed similarly to their human counterparts. The level of
human AAT protein in the plasma was quantitated. The expressing Z
line was shown to have similar levels of circulating AAT Z protein
as a human homozygous ZZ individual. The AAT Z protein was shown
to accumulate in the hepatocytes by immunohistochemistry.
By
comparing the level of circulating human AAT with the level of
human AAT mRNA in transgenic M and Z mice, it was inferred that
approximately 20% of the Z protein was secreted from the liver
(compared with 10-15% in humans).
For these reasons the
expressing Z line was considered to be an appropriate line to assess
whether the presence of PiZ protein was sufficient to cause liver
disease.

Page 2

Livers taken from transgenic and nontransgenic mice were analysed
for histcpathclcgy.
Preliminary results suggest that moderate liver
damage occurs in AAT Z mice and that this was proportional to the
age of the mouse and the level of protein being produced. However,
the damage seen was mild compared to that seen in either human
neonates or adults. Furthermore, liver damage was not seen in
juvenile mice, and equivalent damage was also was seen in mice
producing such high levels of the normal AAT protein, that it was
also seen to accumulate within hepatocytes. Overall, the results
suggest that the liver disease that was seen in adult mice resulted
from damage due to long term accumulation of the AAT protein.
Although the AAT Z mice may reproduce aspects of the adult liver
disease associated with the AAT Z variant, these mice do not
represent a model for the neonatal liver disease.
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CHAPTER 1

INTRODUCTION

PART ONE: ALPHA-1-ANTITRYPSIN.

Human

alpha-1-antitrypsin

whose

major

physiological

elastase in the lung.

(AAT)

is

target

a
is

serum
thought

protease
to

be

inhibitor
neutrophil

It is secreted, in a processed form, primarily

from hepatocytes into the circulation.

AAT has been extensively

studied because a number of mutant proteins are associated with
emphysem a

or

hepatic

disease

and

approximately

10%

of the

European population carry a pathological variant. A single structural
gene encodes the protein.

This locus, designated Pi for protease

inhibitor, is on chromosome 14q31-32.3.

The most common allele is

PiM which occurs with an overall frequency of 0.95. The allele of
major clinical importance is PiZ, and this is found at a frequency of
0.02 in the U.K..

The Z form of AAT accumulates in the endoplasmic

reticulum (E.R.) of hepatocytes resulting in low levels of the protein
in the plasma. Individuals of the Pi ZZ genotype are at risk of early
onset

em physem a

and

of

developing

cirrhosis during childhood.
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liver

disease,

including

1.1.1

Structure and function

of the

AAT protein.

AAT is a medium sized glycosylated protein of approximately 51 kD
with an overall negative charge; it consists of a single polypeptide
chain of 394 amino acids with one free cysteine residue and three
oligosaccharide side chains (Carrell et al., 1982).

There is a single

reactive site - centered around methionine at position 358 (Brantly
at a!., 1988a).

Of the amino acids, 30% are arranged in a -h e lic e s

and 40% into p-pleated sheets.
do

not participate

1 984).

They

The first 24 N-terminal amino acids

in any ordered structure

form

the

hydrophilic

(Loebermann

signal

peptide,

et a!.,

which

is

accessible from the outside of the molecule and can be cleaved.
This cleavage occurs only to a minor degree in vivo, but it leads to
some of the electrophoretic microhetrogeneity seen in serum AAT
(Brantly et a/., 1988a).
m olecule

including

Lys387(Loeberm ann
The

There are a number of salt bridges in the
G lu 3 4 2

to

L ys290

et a/., 1984).

and

of

the

oligosaccharide

m olecule
side

(C arrell

chains

to

There are no disulphide bonds.

carbohydrate content accounts for between

w eight

G lu 2 6 4

are

and

Ow en,

N-linked

to

12-16%

of the

1 9 79 ).

The

asparagine

residues at positions 46,83 and 247 (Carrell et a/., 1982).

(Asn)

Variation

in these side chains result in isoforms of the protein.

The side

chains are composed of N-acetylglucosamine

mannose

(Man), galactose (Gal) and sialic acid (Sia).

(GlcNac),

These are arranged as a

common core sequence of Asn-GlcNAc- GlcNAc-Man-(Man)2 with two
or three 'antennae' of (GlcNAc-Gal-Sia)

coming

mannoses

antennary

to

form

biantennary

(Mega et a!., 1980), (see fig.

or

1.1).
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tri-

off the terminal
configurations

Man-GIcNAc-Gal-Sia

-Asn-GlcNAc-GlcNAc-Man
I
I
I Man-GlcNAC’Gal-Sia

\
Man-GlcNAc-Gal-Sia

Asn
GlcNac
Man
Gal
Sia

= A sparagine
= N -acetylglucosam ine
= M annose
= G ala c to s e
= N -acetyln eu ram in ic acid

Figure 1.1 Carbohydrate side chains of AAT.
(a) biantennary
(b) triantennary
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1

I

Analysis

of

a

single

electrophoresis
isoforms.

at

AAT

pH

genotype

4.95,

using

normally

polyacrylamide

reveals

eight

gel

bands

or

The three major ones (2,4 and 6) have different numbers

of sialic acid residues with 8, 7 and 6 respectively.

In PIMM

individuals band 6 accounts for about 50% of the total AAT, band 4
about 40% and band 2 about 8% (Mowat, 1984).

AAT is the major serum protease inhibitor.

It accounts for 90% of

the protease inhibitory capacity of the serum (Janoff, 1972).

The

small size and polarity of the molecule allows it to move readily
from the circulation into tissue fluids.

In normal subjects about

40% of the secreted AAT remains in the serum, with the remaining
60%

passing

into

the

extravascular

space

(Laurell,

1975).

Concentrations of 30-40% of that of the serum are found in breast
milk with very much lower concentrations in the bile, jejunum, ileal
washings and bronchial secretions (LaMontagne, et a/., 1981).

AAT

is a mild acute phase reactant (Vaughan at a/., 1982); the normal
serum concentration is 150-350 mg/dl (Brantly at a/., 1988a ), but
this can rise to four times the level during inflammation (Carrell a t
a /.,

1982).

Analysis

using

polyacrylamide

gel

electrophoresis

reveals that a greater proportion of the proteins are of the tri
antennary

form,

so

that

band

2

increases

7

fold

during

inflammation, whereas bands 4 and 6 only increase 3 fold and 1.5
fold

respectively

(Mowat,

1984).

It

is

not

known

physiological relevance of this shift in processing is.
suggested
surfaces

that

it

(Mowat,

may
1984)

catabolized (Vaughan

influence
or

the

increase

at a/., 1982).

affinity
the

rate

of
at

what

the

It has been
AAT

for

which

cell
it

is

Since the serum concentration

increases during infection and in trauma, it is thought that AAT may

Page 23

have

an

important

enzymes

released

role
from

in

protecting

tissues

the

lysosomes

from

of dying

proteolytic

cells

or from

bacteria.

The

only

other

protease

inhibitor

present

at

a

relatively

high

concentration is alpha-2-macroglobulin (AMG) (Carrell, et al., 1982).
This larger tetrameric molecule is found in the serum at a molar
concentration which is ten-fold lower than that of AAT.
where

most

protease/antiprotease

interaction

However,

occurs,

the

molar

ratio in favour of AAT is even higher (Laurell and Jeppsson, 1975).
The major physiological target for AAT is thought to be neutrophil
elastase

in the

lung.

The

evidence

for this

is circumstantial.

Firstly, deficiency of AAT leads to chronic obstructive pulmonary
em physem a,

which

administration

of

can

be

elastase

mimicked

(Janoff

in

anim al

et a!., 1977).

models

by

Secondly, the

association rate constant for AAT with neutophil elastase is higher
than with other proteases tested.

They show decreasing order with:

neutrophil elastase > chymotrypsin > cathepsin G > anionic trypsin >
cationic trypsin > plasmin > thrombin (Carrell, et al., 1982).

Protease
complex

inhibition
between

conditions,

this

is accompanied
AAT

and

is a suicide

by the

its target
interaction

formation

enzym e.
for both

of

Under

a

1:1

normal

molecules and

although the elastase is not modified, it remains bound to the AAT.
The reaction mimics that between the enzyme and its substrate,
with the reactive centre of the inhibitor functioning as bait for the
active site of the protease.

Evidence suggests that cleavage is

blocked and does not occur under physiological conditions (Carrell,
et al., 1982).

The half life for normal AAT is 6 days (Jeppsson, e t
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al.,

1978), with protease/inhibitor complexes being cleared by the

reticulo-endothelial

system.

Approximately

34

mg

of

produced per day per kg body weight (Jones et a!., 1978).

AAT

is

Although

methionine forms the reactive centre, substitution of a valine or
alanine in the Pro-Met sequence would provide a more specific point
for 'cleavage' by elastase.

In addition, methionine has the apparent

disadvantage of being readily oxidized so that it does not provide a
favourable proteolytic 'cleavage' site for elastase.
AAT

is readily

inactivated

by oxidizing

radicals released by phagocytes.
a t,

1982)

that

this

lability

agents

Consequently,
such

as oxygen

It has been suggested (Carrell a t
may

provide

a

self-regulatory

mechanism to help control the process of inflammation.

Discharges

of bactericidal oxygen free radicals from neutrophils may allow the
inhibition of AAT at the focus of an inflammation, where proteases,
also released from neutrophils, need to act.

However, AAT would

continue to provide protection to outlying tissue from proteases,
which

have

diffused

from

the

centre

of

activity,

released free radicals exist only over a short range.

because

the

Since AAT is

distributed throughout the extra-cellular compartment of the body,
it has been assumed to have a general role in the regulation of
proteases.

The apparent restriction of most of the deleterious

consequences of AAT deficiency to the lung might indicate that
other organs possess additional anti-protease activity, or that the
protease/antiprotease

balance

in the

lung

is more suceptible to

disturbance.

It has been suggested that AAT may modulate the immune system by
modifying the action of leucocyte proteases.
elastase

and

cathepsin

G from

human
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Trypsin, chymotrypsin,

leucocytes

may

act

as

lymphocyte mitogens with selective stimulation of B cells (Mowat,
1984).

AAT may also influence inflammation by its action on the

com plem ent

system

clearance.

Proteases

com plem ent

activation

important

role

in

and

the

in

antigen-antibody

released
by

the

release

from

granulocytes

alternative
and

form ation

following

pathway

destruction

of

and

have

an

complement

component factors which promote chemotaxis and secretion.

Thus

AAT may have an important role in regulating the inflammatory
response

by

its

inhibitory

action

on

proteases

(Venge,

1978).

Elastase from human leucocytes splits IgG molecules leaving Fablike fragments.
controlling

AAT,

by its inhibition of elastase

may have a

role in both the formation and clearance of antigen-

antibody complexes and also on antigen-antibody complex activation
of complement (Folds et al., 1978).

Aggregated, activated platelets

may be taken up by macrophages including Kupffer cells.

The AAT

content of the leucocytes may inhibit the action of the proteases
released.

1.1.2 Expression of the AAT gene.

In common with many plasma proteins, the liver, and specifically
the hepatocyte is the major site of synthesis of AAT (see fig.

1.2).

Evidence for this comes from the change in AAT phenotype to that of
the

donor,

following

liver

transplant

to

AAT

deficient

patients

(Hood et at., 1980).

The accumulation of the poorly transported AAT

variant,

the

PiZ,

within

hepatocyte

involved (Aagenaes et a i, 1972).

has confirmed the

cell type

AAT is detectable in fetal serum

at nearly adult levels by the tenth week of gestation, and fetal liver
cultures

have

been

shown

to

produce
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the

protein

(Gitlin

and

Biasucci, 1969).

Synthesis has also been detected in cultures of

yolk sac from 5.5 to 8.5 week conceptuses - an unsurprising finding
since this tissue shares many functions with the embryonic liver.
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Blood monocyte

Alveolar macrophage

Relative AAT mRNA content
(units/cell) of liver, blood
monocytes and alveolar
macrophages (taken from
Brantly et al., 1988).
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A succession of increasingly sophisticated techniques have revealed
expression of the AAT gene in a wide range of tissues.

Macrophages

and their precursors, mononuclear phagocytes, but not lymphocytes
have been shown to contain AAT mRNA (Perlmutter et a/., 1985a).
Neutrophils have also been shown to express the AAT gene (Mornex
et al.,

1986).

RNase

protection assays are able to distinguish

between macrophage and liver AAT mRNA transcripts.

Such assays

have been used to show the presence of AAT mRNA (without the
possibility of blood contamination) in kidney, lung, small intestine
and fetal small intestine (Kelsey et a!., 1987).

The generation of

transgenic mice containing the human AAT gene complete with S'
and

S' sequences

protection

assays

(Kelsey
have

et a/., 1987) and the use of RNase

revealed

that

the

is

strictly

human

pattern

of

expression is maintained.

The

mouse

expression.

AAT

gene

more

liver

specific

in

It is not clear whether there is a similar difference

between liver and macrophage/monocyte expression in mice.
temporal

its

activity

of the

human

transgene

endogenous one during mouse embryogenesis.

parallels

that

The

of the

In situ hybridization

has demonstrated that the human AAT gene is expressed in a great
variety of tissues in the transgenic mice (Koopman et al.,

1989).

The pattern of expression observed did not differ from that seen in
the limited number of human tissue samples which were available
for analysis.

The study revealed expression in transgenic mice of

human AAT in fetal and adult stomach, in the fetal pancreas, nasal
sinus, pharynx, spinal ganglia and ossifying cartilage and in the
adult salivary gland.

This was in addition to the expression seen in

the yolk sac, the adult kidney and the fetal and adult gut, lung
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(mostly in bronchiolar cartilage) and liver.

AAT may have different

local roles at the minor sites of expression.

1.1.3

AAT

gene

structure.

Human AAT is coded for by a single gene, designated Pi, which is
located on chromosome 14 at q31-32.3
Schroeder et al., 1985).

(Darlington

et al.,

1982;

Sequencing of the AAT gene has revealed it

to be a member of the 'serpin' gene family (from serine protease
inhibitor).

Among other human members of this family are: alpha-1-

antichymotrypsin
approxim ately
(thrombin).

(AACT)
250

C l-e s te ra s e

alpha-2-antiplasm in
protein

C

kb

inhibitor

(the inhibitor of cathepsin
from

the

inhibitor

(plasm in),
(activated

AAT

gene;

antithrombin

(C l-e s te ra s e

heparin
protein

and

cofactor

C),

G) which

II

is
111

kallikrein),
(thrombin),

plasminogen

activator

inhibitor (plasminogen activator) and angiotensinogen (substrate not
known) (Brantly et al., 1988a).

Approximately 10 kb downstream of

the AAT gene is a sequence-related, non-expressed pseudogene, PiL
(Kelsey et al., 1988a).

All serpins are glycoproteins formed by a

single polypeptide chain.

They have common features of tertiary

structure, functional domains and reactive sites.
are

suicide

inhibitors that form

target protease.

a one-to-one

In general, they
complex

with

the

The serpin gene family is thought to have evolved

by duplications of an ancestral serine protease inhibitor gene prior
to divergence (Carrell and Boswell, 1986).

The AAT gene is 12.2 kb long and is composed of seven exons and six
introns (see fig.

1.3).

The first three exons lA, IB and 1C code for 5'

untranslated regions of AAT mRNA (Perlino et al., 1987), whereas
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the last four, exons II to V, contain all of the structural information
for

the

AAT

protein

(Long

et al.,

1984).

The first 72 bp of

translated mRNA code for a signal sequence of 24 amino acids which
may be cleaved during processing.
begins

in the

Transcription

middle of exon

In the hepatocyte transcription

1C to produce

in macrophages begins upstream

a

1.4

kb mRNA.

of the hepatocyte

promoter and the transcripts include exons lA, IB and all of 10 ).
Alternative splicing of hnRNA in macrophages may result in the
removal of exon IB from some of the RNAs producing mRNAs of
either 1.6 or 1.9 kb in length (Perlino at a!., 1987).

The large intron

between exon 10 and exon II contains an initiation codon followed by
an open reading frame that could theoretically code for a 134 amino
acid polypeptide. However, this sequence has no known function.
intron also contains an alu

repeat (Long at a!., 1984).
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ATG s ta rt
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Signal peptide

Met 3 5 8
ATTAAA (polyadenylation
signal)

macrophage transcription control region

TA A (stop codon)

hepatocyte transcriptional control region

carbohydrate side chain linked to Asparagine
active site

Figure 1.3

Structure of the AAT gene.

The gene is composed of seven exons (lA, IB, 1C, II,
III, IV & V) and six introns. The coding sequence is
contained within exons II to V.

1.4 Control

of expression

of the

AAT

The human AAT gene has two promoters.

gene.

A macrophage-specific

promoter is located about 2 kb upstream of the hepatocyte-specific
promoter (Perlino, 1987).
two

promoters

hepatoma

cells

They showed that transcription from the

is mutually exclusive.
is controlled

AAT gene

by a combination

expression

in

of cis-acting

5'

flanking sequences and trans -acting DNA binding proteins (see fig.
1.4).

There are three cis-acting

regulatory elements which are

contained in the region 500 bp upstream of the TATA box.

The

most important regulatory element is the

found between -137 and -37.

proximal

element

It is essential for high level tissue

specific expression and its presence alone is sufficient to activate
heterologous promoters in hepatoma cells (Ciliberto et al., 1985; De
Simone et al., 1987).

Mutation analysis of this element has revealed

two domains - "A" and "B" - both of which
efficient transcription (De Simone et al., 1987).

are

necessary for

Partial deletion or

mutation of "B" when placed upstream of the SV40 promoter results
in an increase in transcriptional efficiency in HeLa cells to levels
approaching those seen in hepatoma cells.

Thus it seems that this

domain also acts as a tissue specific transcriptional repressor in
non hepatic cells (De Simone and Cortese, 1989).

A distal enhancer element is located between -348 and -150.
will

in crease

tran scrip tio n

in

hep ato m a

cells

It

re la tiv e ly

independently of orientation and distance from the promoter.

Within

this region, located between -261 and -210, is a domain that can
increase transcription four- to five- fold.
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However, this activation

was

not tissue

specific

when

tested

using

construct in hepatoma and HeLa cells.

an

SV40

promoter

Despite this, the domain

contains sequences common to other plasma protein gene regulatory
regions.

The centre of the domain is composed of an octamer

similar to the canonical core enhancer.

Upstream of this is an

eleven base pair stretch homologous to that flanking the haptoglobin
gene.

Downstream

are

transcription factor AP-1

ten

bases

that are

identical

with

the

binding site found in the metallothionein

and retinol binding protein genes.

The third regulatory element is located between -488 and -356 and
gives a three- to four-fold increase in level of transcription (Shen
et a/., 1987).

A

number

of trans-acting

DNA

binding

proteins

transcriptional activity by binding to the cis
have been identified.

that

modulate

regulatory elements

Those identified to bind to the "B" domain of

the proximal element, so far, are: LF-B1 (also known as HNF- 1), LFB2, LF-B2 'like' protein and LF-B3 (also known as vHNF-1).

LF-B1

and LF-B3 have the same consensus binding site and can form
heterodimers (De Simone et al., 1991).

This binding site is found in

the promoter regions of a diverse number of genes expressed in the
liver.

These include rat a and p fibrinogen and the serum albumin,

transthyretin and a-fetoprotein genes from human, rat and mouse as
well as the human AAT gene (Courtois e ta !., 1987, 1988).

Only one

trans- acting factor, LF-A1 (also known as HNF-2), has been shown
to bind to the "A" domain of the proximal element (Harden et a!.,
1988).

LF-B1 and LF-A1 operate as tissue specific transcriptional

activators

and thus are

not found
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in nuclear extracts from the

spleen (Monaci et al., 1988).

Binding of LF-B1 seems essential for

any expression of AAT, whereas the binding of LF-A1 seems to be
important only for maximal expression of AAT in fetal liver and yolk
sac and non-hepatic adult tissues which express AAT (Tripodi at a!.,
1991).

LF-B2 and the LF-B2 'like' protein bind to the same DNA

sequence.

The LF-B2 'like' protein is found in spleen extracts and

may act as a transcriptional repressor (Monaci, at a!., 1988) but so
far there is no direct evidence for this.
act to regulate the binding of LF-B1.

LF-B2 and LF-B3 probably
Nuclear factors isolated from

hepatocytes that bind to the upstream promoter elements of the
AAT gene include AP-1, HNF-3, HNF-4, C/EBP and NF-IL6.

NF-IL6 is

a trans- acting factor isolated from a glioblastoma cell line which
activates cytokine interleukin 6 (IL6) gene expression.

It shows

partial sequence homology with C/EBP isolated from hepatocytes.
Both proteins appear to bind similar DNA sequences.

A sequence

comparison indicates that the C/EBP and NF-IL6 binding motifs and
the IL6 response elements are either identical or overlapping in the
AAT and other acute phase genes.

It has been suggested that basal

gene expression is controlled by C/EBP binding to an upstream
enhancer element until the induction of an acute phase response, for
example during inflammation or tissue damage.

Then other trans

acting factors such as NF-IL6 and those induced by IL6 itself may
augment or displace

C/EBP

binding,

thereby

expression, when plasma concentrations can
fold.

upregulating

gene

rise three- to four

Plasma levels of AAT can also rise in response to estrogens

(during

pregnancy

and

oral

contraceptive

neoplasia (Wu at a!., 1991).
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therapy)

and

during
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(HNF-1)

LF-B2
LF-B2 'like'
LF-B3

Figure 1.4 Control of hepatic expression of AAT.
The AAT gene promoter elements and the
transcription factors th a t bind to them are indicated,

Macrophages also increase their production of AAT in response to
IL6 and may respond to other mediators such as tumor necrosis
factor and LPS.

It has been shown that, after stimulation with IL6,

the myelomonocytic cell line, U937, produces only one of the two
mRNA transcripts normally seen in macrophages (Kalsheker et a/.,
1990).

This is the smaller transcript in which exon IB has been

spliced out.

It has been suggested that the most likely mechanism

to explain the increased levels of AAT protein after IL6 stimulation
is increased translational efficiency.
initiation codon

at 255-257

in an

Exon IB contains a potential
open

recognised initiation codon at 522-524.
in exon IB at 345-347.
may

be

competition

reading

frame with the

There is also a stop codon

If translation is initiated in exon IB there
with

the

recognised

site

and

influence the rate of synthesis of the mature protein.
is seen

in

other

eukaryotic

genes

with

short

this

could

This situation

potential

coding

regions found upstream of the main gene product (Mueller et al.,
1986).

Levels of AAT in macrophages can also be modulated by

neutrophil elastase (Perlmutter et a/., 1987).
part

of

the

epithelial

mechanism

surface

of

controlling

the

lung

AAT

involves

It was suggested that
concentration
the

at

the

protease/inhibitor

complex or some peptide fragment derived from it.

Despite

the

relatively

low

amount

of

AAT

synthesised

by

monocytes/macrophages, local production of AAT in the immediate
vicinity of cells, may be important both as an inhibitor and as a
chemoattractant.

Therefore the mechanisms for upregulating AAT

expression in these cells may be of physiological importance.
yet,

little

regulatory

is known
elem ents

of the

trans-

that

control

acting
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AAT

factors
gene

and

As

cis-acting

expression

in

monocytes/macrophages.

Much less is known about the regulation of

expression of the AAT gene in the many tissues that express AAT at
even lower levels.

However, it is known that they use the same

promoter as the liver (Kelsey et a/., 1987) and that there is low
level expression of some of the "liver enriched" trans-acting factors
(e.g.

LF-B1) in these tissues (De Simone and Cortese (1991).

It is thought that universal transcription factors are responsible for
the transcription of household genes, whereas cell-specific factors
are responsible for the transcription of cell specific genes.

The

pattern of expression of the AAT gene may be an example of an
intermediate
which

are

situation

in which a subset of trans-acting

neither universal

nor strictly specific,

are

factors,

responsible

for the expression of the same gene in some but not all cell types.
An alternative possibility, however, is that the control region of the
AAT

gene

recognized

contains

cis-acting

elements

by distinct trans-acting

that

are

independently

factors that are

specific,

for

example, for liver or for kidney.

The expression of the AAT gene in

macrophages

explained

is

more

simply

different macrophage specific promoter.
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by

the

existence

of a

1.1.5

AAT

AAT

is a

variants.

variants.

highly polymorphic protein with
Extensive

lists

are

Variants have mostly been

given

in

more than

Brantley

75

et al.,

known
1988a.

identified by thin-layer polyacrylamide

gel isoelectric focusing (lEF) of serum at pH 4 to 5.

They are named

alphabetically according to their proximity to the cathode after lEF.
lEF of serum from an individual homozygous for a normal M-type
allele results in a pattern of five bands - two major and three minor
(see

fig.

1.5).

This

microheterogeneity

is

a

result

of

the

differences in the carbohydrate side chains and in the length of the
polypeptide chain (Vaughan e ta !., 1982; Mercs, 1985).

AAT in each

of the major bands have polypeptide chains of normal length, but
proteins in the "4" band have three bi-antennary carbohydrate side
chains whereas those in the "6" band have two bi-antennary and one
tri-antennary chain.

The minor "2" band represents full length AAT

polypeptide chains with two tri-antennary and one bi-antennary side
chain attached.

The minor bands "7" and "8" represent polypeptide

chains that have lost five N- terminal amino acids, but have the
same carbohydrate side chains as bands "4" and "6" respectively.
More recently, a greater number of variants have been identified by
analysis of the gene itself.

This has been achieved, sometimes in

conjunction with the use of the polymerase chain reaction (PCR), by
restriction

fragm ent

length

polym orphism s

(R F L P )

analysis,

oligonucleotide hybridization and direct sequencing of the DNA.

The alleles can be placed into four groups according to the serum
level and function of the protein produced: normal, dysfunctional,
null (absent) and deficient.
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Figure 1.5 Polyacrylamide gel lEF (pH 4.0
to pH 5.0) of human serum
showing the major Isoforms
for a number of AAT variants.
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Normal

alleles

may

be

defined

as

alleles

that

produce

AAT

molecules that function normally and, if inherited in a homozygous
fashion (or with another normal allele), result in AAT serum levels
in the normal range of 150-350 mg/d I.

Inheritance of one normal

allele normally provides sufficient amounts of AAT to protect the
lung even if the other allele is a null.

By convention, the "common"

normal alleles are those with an allelic frequency of over 10%.

The

most common is M1(Val213) which has an allelic frequency of 0.44
to 0.49 in Caucasians in the United States (Nukiwa et al.,

1987a).

Its

entirely

protein

sequenced

product
(Carrell

is the

only

et a!., 1982).

Pi

type

to

have

been

The next most common normal

variant is M1(Ala213) which was only recognized by sequencing at
the DNA level.
Caucasians.

This has an allelic frequency of 0.20 to 0.23 in U.S.
(Nukiwa

et al., 1987a).

Since the only difference

between M 1(Val213) and M 1(Ala213) is a single amino acid that
does not result in a difference in the net charge of the proteins, the
two types cannot be distinguished by lEF.

However, the two genes

can be easily identified by RFLP analysis because the restriction
endonuclease

BstEII

recognises

a

sequence

that

includes

the

sequence defining reside 213 for the M1(Val213) variant, but not cut
the sequence for this region in M1(Ala213). The two other common
normal alleles are M2 and M3.

These have allelic frequencies of 0.10

to 0.11 and 0.14 to 0.19 respectively in U.S. Caucasians (Cox, 1989).
Except for M4, which has an allelic frequency of 0.01 to 0.05 in
European populations (see Brantly, et al., 1988a for references) all
the other rare normal alleles probably have frequencies of less than
0.05.

They mostly represent single case reports which have been

identified by lEF.
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Only one completely dysfunctional AAT variant, Pi
identified.

Pittsburgh,

has been

Although it is found in the serum at levels in the normal

range, this rare variant has been associated with a fatal bleeding
condition and a reduced anti-elastase capacity.

These conditions

probably result from a mutation in the active inhibitory site of AAT
(normal Met358 to Arg358).
inhibitor

of

thrombin

(it

This causes the AAT to act as an
now

has

the

sam e

active

site

as

antithrombin III - another serpin) instead of elastase (Owen et a/.,
1983).
a

The AAT allele M

severe

deficiency

mineral springs

state

(normal Gly67 to Glu67) causes

primarily

because

the

AAT

protein

functions poorly as an inhibitor of elastase (Curiel of a/., 1990).

The null alleles are a rare group which produce no detectable AAT in
the serum.

Null

hong kong

results from a two base pair deletion from

codon 318 that causes a frame shift with a stop codon at position
334.

There is evidence of an accumulation of the truncated protein

in AAT synthesising cells (Sifers at a/., 1988).

Null

isola di procida

results from the deletion of a 17kb fragment that includes exons II
to V of the AAT gene (Takahashi and Crystal, 1990).
other known

null AAT alleles

codons in the exons of the gene.
Null

beiiingham

Most of the

result from the formation of stop
In the case of Null

granite fails

and

this leads to absence even of AAT mRNA in AAT-

synthesising cells (Nukiwa at al., 1987b; Garver at al., 1986).

AAT deficiency alleles are those associated with AAT serum levels
lower than normal.
normally.

The AAT proteins may or may not function

The PIS variant is the most common deficiency allele

with an allelic frequency of 0.02 to 0.03 in U.S.

Caucasians and is

as high as 0.15 in the Iberian peninsula (see Brantly at al., 1988a for
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refs).

Although the the PiS allele results in reduced AAT serum

levels (an individual homozygous for PiS has levels of 100 to 200
mg/dl)

the

PiS

protein

functions

normally.

The

PiS

allele

is

identical to the PiM1(Val213) except for a point mutation in exon III
(Glu264 to Val264).

This affects the Glu264 to Lys387 salt bridge

and modifies the structure of the protein.

Normal amounts of PiS

mRNA

newly synthesised

are transcribed

protein

is degraded

but,

and

some of the

probably

shunted

from

the

PER

PiS
into

lysosomes (Curiel et al., 1989a).

The

PiZ allele

is the most clinically important AAT variant and

might be regarded as the classic AAT deficiency variant.

It was

this allele that was found in a homozygous form in the first cases
of AAT deficiency to be described (Laurell and Eriksson, 1963).
U.S.

In

Caucasians it is found with a frequency of 0.01 to 0.02, but is

very rare in black or Asian individuals (see Brantley at al.,
for refs.).
reaching

1988a

In Northern Europe the allelic frequency is even higher,
0 .0 2 6

in

Scandanavia

(Sveger,

19 76 ).

Individuals

homozygous for PiZ have serum AAT levels of between 15 and 50
mg/dl (Wewers at al., 1987).

In addition to being present at reduced

amounts the PiZ protein does not function normally as an inhibitor
of neutrophil elastase.
neutrophil elastase.

It has a lower association rate constant for
Thus it has been calculated that the time it

would take PiZ to inhibit an equal amount of neutrophil elastase is
2.4 seconds compared with 0.2 seconds for normal PiM (Ogushi at al.,
19 8 8 ).

The Z mutation is a single-base substitution in exon V of the normal
AAT gene causing a Glu342 to Lys342 substitution in the protein
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(Yoshida é ta l., 1976).

Normal amounts of PiZ mRNA are transcribed

and translated but deficiency of AAT in the serum arises because
the mutant protein is not properly secreted and accumulates within
the cell.

The mutation and its effects are described in more detail

la te r.

Other, much rarer, deficiency variants include M

procida

and M

h eerien .

These result from single point mutations which lead to amino acid
substitutions that affect the stability of the AAT

molecule

such

that the protein is degraded in the cell before secretion (Brantly e t
al., 1988a).

M maiton results from a three base pair deletion in exon

II that leads to loss of an amino acid (Phe52)(Curiel et al., 1989b ).
Like the Z mutation it leads to defective secretion and intracellular
accumulation of the protein in hepatocytes (Cox, 1976; Frazier e t
al., 1989).

Another rare deficiency allele, M

d u a rte ,

has also been

shown to result in protein accumulation in the liver (Leiberman e t
al., 1976).

1.1.6

Evolution

of

the

AAT

variants.

By utilising a combination of haplotype analysis, using restriction
endonucleases, and by comparing sequence data, models of the likely
evolution of the AAT variants have been produced (see fig.

1.6) in

which it is thought that the M1(Ala213) variant is the oldest human
AAT gene.

Comparison between the coding exons of human and

primate AAT genes has revealed that the human AAT M1(Ala213)
allele is identical to the chimpanzee AAT gene except at Met385
(Val385 in chimpanzee)(Brantley et al., 1988a).
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Haplotype

analysis,

using

three

different

R.E.

polymorphisms,

showed that 51 out of 52 PiZ alleles were identical (Cox, 1985).

It

was suggested that all of the PiZ alleles studied had probably arisen
from a single mutation which was estimated to have occurred about
6000 years ago.

Once the M l alleles had been shown to be of two

types, M1(Ala213) and M1(Val213), it was clear that the Z mutation
had occurred on the
the majority of

M1(Ala213) background.

The common origin of

PiZ alleles has been confirmed by

1988 and Povey, 1990.

Meisen et a/.,

The latter study characterized

129 PiZ

alleles and showed that all but three of the PiZ alleles possessed
alanine instead of valine at position 213 implying an M1(Ala213)
background.

Investigation of the proteins from two of the three

exceptional PiZalleles revealed
protein

and

it

no differences from the usual

was not certain whether the origin

alleles was by recombination or new mutation.

PiZ

of these

PiZ

Analysis of the third

allele indicated that it contained the point mutation characteristic
of PiZ but that this had occurred on an M2 background.
was designated PiZ
as PiZ

augsberg

tun

This allele

(Whitehouse et a/., 1989a) and is also known

(Faber et a/., 1990).

Its protein is slightly more basic

than the usual PiZ protein.

The

CpG

méthylation

dinucleotide

is known to be

of cytosine

in

human

both

DNA

and

a common

site

of

a

site

of

possible

increased mutation, due to the cytosine deamination resulting in a
C -T transition (Barker et al., 1984).
shown

in Table

1.1

result from

Some of the protein variants
a

C-T

transition

at

the

CpG

dinucleotide sequence on the sense strand (CG -TG) or antisense
strand (CG-CA).

Thus the PiZ and M l

(VAL213) genes may have

resulted from the M l (ALA213) gene by a C-T transition at the CpG
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dinucleotide on the antisense and sense strands respectively.

The

M2 gene seems to have been generated from the M3 gene by the same
mechanism.

Out of the 31 sequence changes listed in Table 1.1, 12

were due to a C-T transition.

Thus the C-T transition at the CpG

dinucleotide may have played an important role in the generation of
AAT variants.
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Null

Normal

Deficient

Glu 342

M1(Ala 213)

Lys 342

Single bp deletion
results in S' shift and
stop codon at Tyr 160

Pro 369
Leu 369

M heerien

M l (Val 213)

Null granite falls
Lys 217 to Sto|

Glu 376 to Asp376

Null beiiingham
Glu 264 to Val 264

M3

Leu.41 to Pro 41
Arg 101 to His 101

M procida

M2

Z tun

Figure 1.6 Possible evolution of some AAT
variants.
The different variants have been grouped according to the
functioning of the protein. Single base changes are responsible
for the differences amongst these variants. The arrows suggest
the pattern of how these variants evolved, with the Ml (Ala 213)
variant the oldest known human variant. Based on figure from
Brantley et al. (1988).
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Table

1.1

Table show ing

am ino

acid

d ifferences

between the oldest AAT variant (PI M l
ALA 213) and other A A T varian ts
th eir

corresp o nd in g

DNA

with

seq u en ce

changes.
Background
indicates

changes
separate

are shown
possible

in

italics.

C-T substitution

CpG dinucleotide either on the sense

AAT VARIANT

Protein

change

An

asterisk (*)

events

or antisense

at the
strand.

DNA sequence

F re q u e n c y

change

of allele in U.S
C a u c as ian s

Pi M l ALA 213

—

0 .2 - 0 .2 3

—

*

PI M l VAL 213

Ala 213 to Val

GCG to GTG

0 .4 4 - 0 .4 9

Pi M2

Ala 2 13 to Val

GCG to GTG

(M3 background)

Glu 376 to Asp

GAA to GAC

Arg 101 to His

G O T to C AT

Pi M3

Ala 2 1 3 to Val

GCG to GTG

(M l VAL 213

Glu 376 to Asp

GAA to GAC

Pi M heerien

Pro 369 to Leu

CCC to CTC

ra re

P> M maiton

Phe 52 deleted

TTC deleted

ra re

Pi M mineral springs

Gly 67 to Glu

GGG to GAG

rare (Black)

Pi M nichinan

Ala 2 1 3 to Val

GCG to GTG

ra re

(M l VAL 213

Phe 52 deleted

TTC deleted

background)

Gly 148 to Arg

C GGG to C AGG

0 .1 -0 .1 1

*
0 .1 4 - 0 .1 9

background)
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*

Pi M procida

Ala 2 1 3 to Val

GCG to GTG

(M1 VAL 213

Leu 41 to Pro

GTG to COG

Pi F

Arg 223 to Cys

C G T to T G T

ra re

Pi I

Arg 39 to Cys

CGC to TGC

ra re

Pi Null beiiingham

Lys 217 to TER

AAG to TAG

ra re

Pi Null bolton

Frameshift at

CCC to C-C

ra re

Pro 362 with

deletion

ra re

background)

1E R 373
Pi Null devon

Ala 21 3 to Val

GCG to GTG

(M3 background)

Glu 376 to Asp

GAA to GAC

Gly 115 to Ser

C CGC to C AGC

Tyr 160 to TER

TAG to TA

Pi Null granite falls

ra re

ra re

fra m e s h ift
Pi Null hong kong

Pi Null ludwigshafen

Leu 318 to

CTC to - C

TER 334

deletion

lie 92 to Asn

ATC to AAC

ra re

17 kb deletion

ra re

Pi Null procida

ra re

(incl. exons 2-5)
Pi Null riedenberg

complete deletion

ra re

of gene
Pi Pittsburgh

Met 358 to Arg

ATG to AGG

ra re

Pi P lowell

Ala 2 1 3 to Val

GCG to GTG

ra re

(M l VAL 213

Asp 256 to Val

GAT to GTT

Asp 341 to Asn

C GAC to C AAC

Asp 256 silent

GAT to GAC

background)

Pi P St. albans
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ra re

0 .0 2

Pi S

Ala 2 13 to Va!

GCG to GTG

(M l VAL 213

Glu 264 to Val

GAA to GTA

Pi V munich

Asp 2 to Ala

GAT to GCT

ra re

Pi W bethesda

Ala 336 to Thr

GCT to ACT

ra re

P iZ

Glu 342 to Lys

0 GAG to 0 AAG

P iZ

Aia 2 1 3 to Va!

GCG to GTG

(M l VAL 213

Glu 213 to Lys

0 GAG to C AAG

Pi Z augsberg

Ala 2 1 3 to Val

GCG to GTG

(M 2 background)

Glu 376 to Asp

GAA to GAC

Arg 101 to His

C G T to CAT

Glu 342 to Lys

C GAG to 0 AAG

*

Glu 342 to Lys

0 GAG to 0 AAG

*

Ser 19 to Leu

TCG to TTG

background)

*

0.01
ra re

*

background)

Pi Z w rexham
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ra re

ra re

1.1.7

Association

AAT deficiency

of

AAT

deficiency

is associated with

with

pulmonary

disease.

emphysema which

results from a reduced capacity to protect the lower respiratory
tract from neutrophil elastase (Bell, 1970).
AAT, the higher the risk of disease.
em physem a

always

references)
(Aagenaes,

and

in

develops
PiZZ

of a/., 1972).

The lower the levels of

Thus, in PiNull-Null individuals

(see

Brantley

individuals

et al.,

there

is

a

1988a

5 0-60 %

for
risk

PiSZ heterozygotes carry a slight risk of

developing emphysema, but the degree of risk for PiMZ and PiSS
individuals is not much higher than that of the general population.
The

development of emphysema

in all cases

is thought to be

markedly accelerated by the effects of cigarette smoking.

This is

due to the increase of oxidants in the lower respiratory tract which
probably
(Carrell

results in the oxidation of M et358
at a/.,

1982).

in the AAT protein

The variability in severity of disease is,

however, is still unaccounted for, even in individuals matched for
age, AAT serum levels and smoking history.
there

is

genetic

variation

in

the

One possibility is that

expression

of

the

neutrophil

elastase gene.

The cause of liver disease associated with AAT deficiency is far
less

well

understood

than

the

cause

of

em physem a.

The

associations are with the alleles PiZ, PiM maiton, PiZ tun and a PiNull
allele reported by Povey (1990).
disease

seen

Almost all of the cases of liver

in relation to AAT deficiency are

individuals who are homozygous PiZZ.
homozygotes

develop

neonatal

liver

associated with

Approximately 10% of PiZZ
disease

(Sveger,

1976).

Occasionally liver disease has been reported in individuals who are
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heterozygous for PiZ and one of the other three alleles associated
with the condition.

The low number of such reports reflect the

extremely rare nature of these other alleles, rather than a reduced
risk.

Several cases of PiSZ and PiZNull patients with neonatal liver

disease have been reported.
been

questioned

However, the reliability of the data has

(Povey,1990).

There

have

been

no

reported

instances of neonatal liver disease in PiMZ heterozygotes or PiNullNull homozygotes.

In adults there is also an association between

chronic liver disease (including hepatocellular carcinoma) and PiZZ
homozygotes,

but the frequency of the

defined (see Mowat, 1984 for references).
to

be

no

association

between

chronic

association

is less well

Although there appears
liver disease

and

PiMZ

heterozygotes, an increased prevalence of PiMZ has been reported in
adult

patients with

relatively

mild

liver disease

(Hodges

et a/.,

1981). An association of the PiZ allele with several autoimmune
disorders and with chronic inflammation has been also reported in a
number of single patients (Fagerhol and Cox, 1981).

In conclusion, the only "common" AAT genotype that has a high risk
of disease is the PiZZ homozygote.

Despite the fact that the PiZ and PiS alleles are associated with
diseases,
populations.

they

still

exist

at

polymorphic

levels

in

European

This has led to the suggestion that there may have been

some selective advantage to maintain these deleterious alleles with
such high frequency (see Kamboh (1985) for references).
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PART TWO: PiZ AND LIVER DISEASE.

1.2.1

The

Like

all

Z mutation.

secreted

glycoproteins,

processing and transport.
have

been described.

AAT

undergoes

intracellular

Many of the steps involved in this process
Thus,

proteins destined for the exocytic

pathway, whilst they are being translated, are translocated into the
lumen of the E.R..

This step is mediated by a signal sequence.

As

the protein enters the E.R. the signal sequence is removed (but in the
case of AAT this is not usual) and a core oligosaccharide unit (with
high mannose content) is N-linked to the appropriate asparagine
residues.

The efficiency of this glycosylation is dependent on the

presentation

of an

appropriate

conformation

as

the

polypeptide

chain enters the E.R., since potential N-linked glycosylation sites
may no longer be accessible after the protein has folded (Kornfeld
and

Kornfeld,

1985).

0 -lin k e d

glycosylation,

oligosaccharide

trimming, and attachment of the complex sugar moieties follows as
the protein passes from the E.R., through the compartments of the
Golgi complex and into the serum.

The E.R.

and Golgi compartments

contain different oligosaccharide modifying enzymes and passage
through

them

maturation.
glycoproteins

can

be

monitored

by

assessing

Sensitivity to endoglycosidase
lacking

oligosaccharide

H generally

Golgi specific modifications.

This

indicates
enzyme

cleaves the high mannose form of carbohydrate which is added to
proteins in the

E.R..

However, once this core carbohydrate

modified in the Golgi it is insensitive to endonuclease H activity.
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is

As previously stated, the Z mutation is a single-base substitution in
exon V of the normal M1 allele that results in a Glu342 to Lys342
substitution in the molecule.
affects

secretion

of

the

It is this specific substitution which
m olecule,

since

the

AAT

protein

accumulates whether the mutation occurs on an M1 (Ala213) or M1
(Val213) background and appears to accumulate when it occurs on an
M2 background where it is known as PiZ
1989a).

tun

(Whitehouse

et a/.,

The levels of AAT mRNA are comparable in PiZZ and PiMM

individuals andare translated with equal efficiency,

but the

PiZ

protein is found to be secreted at only 10-15% of the level of the
PiM protein (Mornex, 1986) the remainder accumulating inside the
cell.

The PiZ protein has been shown to accumulate within the

monocytes

of

PiZZ

individuals (Perlm utter

et al., 1985b).

Its

oocytes injected

with

secretory defect

is maintained in X e n o p u s

the mRNA from

the liver of PiZZ individuals (Foreman et a/., 1984)

and in a variety of cell types transfected with PiZ cDNA constructs
(Brantly et a/., 1988b; McCracken et a/., 1989; Sifers et a/., 1989a).
Cell

free

translation

studies

of

liver

RNA

using

dog

pancreas

microsomes have shown that the PiZ protein is translocated across
the

E.R.

(Bathhurst

membrane

as

et a/., 1983).

efficiently

as

the

normal

PiM

protein

Electronmicroscopy and studies on the

endoglycosidase H sensitivity of intracellular PiZ protein

indicate

that it accumulates in the lumen of the E.R.. Whilst it is accepted
that

the

reason

the

PiZ

protein

accum ulates

synthesising cells is the failure of transfer from E.R.

within

AAT-

to Golgi, it is

not clear why the Glu342 to Lys342 substitution causes this.

Several studies have shown that a number of genetically engineered
and naturally occuring mutant proteins are retained within the E.R.
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following

their

receptors,

m utant

engineered
a l.,

synthesis.

Exam ples

influenza

include

hem agglutinin

mutant
and

vesicular stomatitis virus glycoprotein

1989b for references).

L.D.L.

g en etically

(see

Sifers

et

This has led to the suggestion that

proteins must achieve the correct conformation before they can be
exported

from

this

com partm ent

(Gething

et a/., 1986).

It is

unlikely that the amino acid substitution in the PiZ protein results
in gross misfolding because PiZ protein from the serum and liver
inclusion bodies of PiZZ individuals retain antiprotease activity.

It

has been suggested that the disruption to the intramolecular salt
bridge

between

Glu342

and

Lys290

caused

by the

substitution

results in an alteration in the kinetics of protein folding leading to
hindered secretion.
tested

in several

The importance of this salt bridge has been
laboratories

by

investigating

the

secretion

of

engineered mutant human AAT proteins bearing specific amino acid
substitutions

at

residues

290

and

342.

Generally

the

results

suggest that the breaking of the 290-342 salt bridge has only a
small

effect,

and

that

it

is

the

substitution

of

the

positively

charged residue at position 342 that is mostly responsible for the
hindered secretion of the protein (Sifers et a!., 1989a; McCracken e t
a!., 1989; Wu and Foreman, 1990).

Thus it seems that the overall

charge of this region of the molecule is more important than one
particular electrostatic

interaction

(see table

1).

Brantly

et a/.,

1988b have reconstituted the salt bridge in the opposite orientation
by changing Lys290 to Glu290, and thereby partially corrected the
secretory defect associated with the Z mutation.

Although they

propose that this is consistent with the salt bridge being of critical
importance, their data might also suggest that it is the introduction
of a negative charge at position 290, which counteracts the charge
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effect of the Z mutation, that is more significant (Wu and Foreman,
1 9 9 1 ).

The Z mutation may create or expose a binding site for some protein
normally resident in the E.R..

So far only one such protein, BiP

(immunoglobulin heavy chain binding protein), has been implicated in
the

retention

of

proteins within

this

compartment.

It

is also,

somewhat confusingly, known as GPR78 (glucose regulated protein
78) and hsc70 (cognate heat shock protein 70).

BiP has been shown

to be involved in regulating the transport of a number of membrane
and secretory proteins from the E.R.
shown

to

be

involved

immunoglobulin
chains.
are

heavy

in

the

chains

to the Golgi.

post-translational
before

their

It was first

processing

assembly

with

of

light

Unassembled heavy chains remain associated with BiP and

not transported to the Golgi apparatus

(Bole

et al.,

1986).

Synthesis of BiP in cell culture is increased by glucose starvation
(Shiu

et a/.,

1977)

and

by treatment with

glycosylation (Olden et a/., 1979).

inhibitors of

N-linked

When protein folding or normal

N-linked glycosylation is blocked BiP apparently binds glycoproteins
to a greater degree (Gething et a/., 1986; Bole et al., 1986).

Analysis

of

glycoproteins,
correlated

the
has

secretion

in

revealed

that

culture

of

its efficiency can

a number
be

with the extent of the proteins' association

(Dorner et al., 1987).
(F V III),

cell

human

of

inversely
with

BiP

The proteins analysed were human factor VIII

tissue

plasminogen

activator(tPA ),

human

von

Willebrand Factor (vWF) and also their unglycosylated forms which
were derived by treatment with tunicamycin or by site directed and
deletion mutagenesis.

They represent a set of proteins which vary

Page 56

in the degree of complexity of their intracellular processing and Nlinked glycosylation patterns.
that,

in

the

absence

of

Dorner et al., ( 1987) demonstrated
normal

N-linked

glycosylation,

the

unglycosylated protein displays an increased association with BiP
and efficient secretion is impaired.

Increased levels of expression

of one of the proteins studied (tPA) enhanced this effect.

They also

saw that proteins with a more complex glycosylation pattern were
generally less efficiently secreted and more stably associated with
BiP.

It has been suggested that BiP associates with improperly folded
proteins (Gething et al.,
(Kozutsumi

et al., 1986).

1986) and is induced by such proteins
McCraken et al., (1989) used COS cells

transfected with a human PiZ construct to investigate whether the
PiZ protein would associate with BiP.

They showed, however, that

BiP was not induced by the presence of the accumulated protein, and
that PiZ was not precipitated by an anti-BiP antibody.

Furthermore,

neither BiP nor any other protein co-precipitated with

PiZ when

cellular extracts were treated with an anti-AAT antibody.
thought it unlikely that PiZ was retained in the E.R.

They

because of an

association with resident proteins.

It has also been suggested that the specific alteration in charge in
the PiZ protein may result in its failure to recognise a receptor that
mediates its transfer from E.R.

to Golgi.

The results of recent

studies on the secretion of glycopeptides has led to the hypothesis
that the normal mechanism for the export of proteins from the E.R.
involves a default pathway which,

consists of the

bulk flow of

proteins from this sub-cellular compartment into the Golgi complex
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(Wieland, 1987; Lodish, 1988).

However, several studies suggest

that receptors may accelerate the export of specific proteins from
the

E.R.

during

the early stages of intracellular transport since

different proteins

are transported

but characteristic

rates (Ledford and

1983).

There is some evidence to

tothe cellsurface at different
Davis, 1983;

Lodish

et al.,

support the involvment of a

receptor in the export of AAT from the E.R..

For instance AAT has

been observed to accumulate in the hepatocytes of normal PiMM
individuals undergoing extreme acute- phase reactions when they
are synthesising elevated levels of AAT (Carlson at a!., 1981).

It

has also been shown that the elevated synthesis of PiM protein in
isolated hepatocytes from PiM bearing transgenic mice results in
the hindered secretion of murine AAT, but not murine transferrin or
album in,
hepatic

which

represents

secretory

M cC raken

at a!.,

proteins
(1989)

glycosylated
respectively

suggest that

and

non-glycosylated

(Sifers

at a!.,

it is the

1989c).

substitution

at

position 342 that alters the affinity of PiZ AAT for a receptor that
is involved in its translocation to the Golgi.

Hydophobicity profiles

of the AAT molecule show that Glu342 is located in a hydrophilic
region

that

may

(Jeppsson, 1976).

be

available

for

interaction

with

a

receptor

The 15% of normal secretion seen in individuals

homozygous for PiZ may reflect the amount which leaves the E.R.

by

bulk flow - a process not efficent enough to prevent accumulation of
PiZ AAT.

If the PiZ protein accumulates continuously, some of the protein
must be degraded.

However, the sub-cellular compartment in which

this occurs has not been identified.
the

It is unlikely to take place in

lysosomes or some part of the Golgi complex because the
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transport of PiZ AAT through the Golgi complex to either the serum
or to lysosomes is defective.

In fact degradation

is unaffected

either by inhibitors of lysosomal proteolysis or by disruption of E.R.
to Golgi traffic (Le et al., 1990).
a l.,

(1988)

proposed

that the

Recently, Lippincott-Schwartz e t
E.R.

possesses

an

endogenous

proteolytic capacity which provides a "quality control" function by
preventing the accumultion of defective proteins within the
The E.R.

E.R..

recycling signal (KDEL at the carboxy terminus) allows the

retention of resident E.R.
PiZ protein

prevented

proteins.

Attachment of this signal to the

intracellular degradation

(Le

et al.,

1990),

perhaps because it was then excluded from this pathway.

Like PiZ, PiNull hong kong has also been shown to be retained in the E.R.
of stably transfected hepatoma cells (Sifers et al., 1988).

Although

PiM maiton and PiM duarte are known to accumulate in hepatocytes,
their sub-cellular localisations have not been reported.

1.2.2

Liver

disease

associated

with

PiZ.

The liver disease associated with the PiZZ genotype seems to occur
either neonatally or in late adulthood.

It is possible that different

processes might account for presentation of acute disease at the
two different times.

The first association between PiZZ and liver disease in infancy was
made by Sharp et al., (1969).

The clinical and histological features

of the disease have been well documented in subsequent reports (see
Mowat,
signs

1984

for references).

of liver disease

(i.e.

Infants
jaundice,
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may present with clinical
pale

stools,

dark

urine.

hepatomegaly and splenomegaly).

On further investigation these

patients

suffering

are

hepatitis.

usually

A mild

found

to

be

non-autoimmune

from

cholestasis

haemolytic anaem ia

is often

found and some patients also have septicaemia at presentation.
liver disease is accompanied by abnormal liver function.

or

The

A number

of liver function tests (LFTs) are carried out on patients.

These

include measuring the plasma or serum concentrations of bilirubin,
aspartate

transam inase,

gammaglutamyl

aminotransferase and alkaline phosphatase.

transpeptidase,

alanine

These are often raised.

Poor hepatic function may lead to malabsorption of fats and fatsoluble vitamins such as vitamin K.

Some PiZZ infants with liver

disease

first

initially

present

within

the

month

of

life

with

a

haemorrhagic tendency which responds to vitamin K treatment (Hope
et al.,

1982).

If untreated, there is a risk of fatal intra-cranial

haemorrhaging.

Occasionally the PiZZ associated liver disease is so

severe that cirrhosis and its complications develop.

This can be

rapid and death may occur in patients as young as 5 months old
(Mowat, 1984).
that

have

The most common causes of death in PiZZ children

not

received

a

liver

transplant

result

from

the

complications of intractable liver failure: gastrointestinal bleeding,
renal

failure

and

sepsis

(Ibarguen

et a!.,

1990).

The clinical

presentations of PiZZ associated liver disease after infancy are of
cirrhosis

or

hepatocellular

its

com plications

carcinoma.

The

and /or
majority

(in
of

a

few

patients

with

disease in adult life, also have lung disease (Larson, 1978).
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cases)
liver

1.2.3

A

Hepatic

large

contain

pathology.

proportion

of the

diastase-resistant

globules.

hepatocytes
periodic

These are 2-20

of

acid

PiZZ

Schiff

individuals

(dP.A.S.)

may

positive

in diameter and seen most prominently

in periportal hepatocytes (Aagenaes et al., 1972).

They appear to

correspond to the amorphous material which is seen on electron
microscopy, to distend the

E.R.

of some hepatocytes and are

antigenically similar to serum AAT (Feldmann,
dP.A.S. positive

at a!., 1974). The

globules are difficult to identify before the infant

is 12 weeks old (Talbot and Mowat, 1975) but with increasing age
they to become larger and more evident.
dem on strate,

using

However, it is possible to

electronm icroscopy

accumulation of AAT from birth (Sharp,

and
1982).

antibodies,

the

dP.A.S. positive

granules are present in the hepatocytes of PiZZ individuals whether
or not they have liver disease.

They have also been reported in the

hepatocytes of elderly PiMM individuals with severe liver disease
and high plasma concentrations of AAT (Carlson at a!., 1981).

Here,

their presence was thought to reflect an increased level of AAT
synthesis,

which

hepatocytes.

was

exceeding

the

secretory

capacity

of the

Liver biopsy, whilst the infant is jaundiced, shows

cholestasis in the bile canaliculi and ducts.
degree of hepatocellular necrosis.

There is also a variable

Periportal iron deposition may be

seen within the hepatocytes and in Kupffer cells.
often prominent due to abundant phagocytosis.

The latter are
The extrahepatic

biliary tree in infants with severe cholestasis is frequently narrow
whilst portal tract and perilobular fibrosis or even cirrhosis may be
present as early as 8 weeks of age (Mowat, 1984).
associated with the PiZZ genotype is variable.
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The cirrhosis

In some cases it is a

biliary

type

features

cirrhosis,

of

in

post-necrotic

micronodular cirrhosis.

others

a

macronodular

scarring,

whilst

in

cirrhosis

others

with

there

Hepatocellular carcinoma, which

is

is often

associated with prolonged liver damage, has been found with and
without cirrhosis (Fagerhol and Cox, 1981).

1.2.4

Heat

shock

proteins

and

PIZ

related

liver

disease.

The heat shock response occurs during thermal and chemical stress,
a topic well reviewed by Welch (1987).
marked

increase

in

the

It is characterised by a

production

of

a

fam ily

evolutionarily conserved and closely related proteins.

of

highly

The response

may also be activated by the presence of abnormally folded proteins
within the cell (Gething et al., 1986; Kozutsumi et al., 1986).

Perlmutter et al., (1989) have investigated the levels of a number of
heat

shock

proteins

-

hsp70,

hsp90

and

ubiquitin

-

mostly

in

cultured monocytes taken from individuals of various Pi and disease
status.

Members of the hsp70 class of stress protein occur in

several sub-cellular compartments.

Three members are found in the

cytosol (two of which are stress inducible and one constitutive),
one in the E.R.

(BiP) and one in the mitochondria (see Win row et al.,

1990 for a review of the nomenclature).

It seems that the function

of the hsp70 family is to prevent the formation of nonfunctional
structures during a variety of assembly processes.
mitochondrial

hsp70

they emerge

into the lumen of the

m itochondria.
polypeptides

stabilize

Cytosolic
destined

nascent,

hsp70

unfolded

E.R.
help

to enter the
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E.R.

polypeptides

or the
to

BiP and the
as

matrix of the

m aintain

precursor

or mitochondria

in a

translocation-competent conformation

(Ellis,

1991).

As previously

discussed (see section 1.2.1), at least one member of this class of
hsp, BiP, has been implicated in the binding of abnormally folded or
assembled proteins. Recent evidence suggests that members of the
hsp90 class act as "molecular chaperones" in the mechanism of
signal

transduction

references).

by

In the

steroid

receptors

absence

of

steroid

(see

Ellis,

hormones

1991
the

for

steroid

receptor is bound to hsp90 and is unable to activate transcription of
steroid-controlled genes.
bound

hsp90

transcription.

and

Addition of steroid hormone displaces the

produces

However,

a

this

receptor

effect

is

capable
not

just

of
one

activating
of

steric

hindrance of the DNA-binding site by hsp90 since genetic studies in
yeast suggest that receptors can only be activated by hormone if the
recptor was initially bound to hsp90. The stress protein ubiquitin is
conjugated to proteins destined for degradation within the cell and
is thought to be localized to the cytosolic compartment (Hershko,
1988). Perlmutter et a/., (1989) have shown raised levels of hsp90
in monocytes of PiZZ individuals with liver disease in comparison to
levels of hsp90 in monocytes of asymptomatic PiMM, PiSS and PiZZ
individuals.

The levels of hsp90 are also higher than in monocytes

from

individuals with

PiZZ

emphysema

(but

not

liver disease).

However, monocytes of PiMM individuals with severe liver disease
did not show raised levels of hsp90.

The level of hsp90 mRNA in the

native livers of individuals suffering severe liver disease (and thus
receiving transplants) and of Pi types, MM, MZ and ZZ was also
investigated.

Again, it was seen that the level of hsp90 mRNA was

raised only in the case of the PiZZ individuals. Lymphocytes do not
express AAT and there was no difference in the level of hsp90 in
lymphocytes from asyptomatic

PiMM
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individuals and

lymphocytes

from PiZZ individuals with liver disease.

The level of hsp70 was

higher in monocytes from PiZZ individuals with liver disease than in
asymtomatic PiMM individuals and the level of ubiquitin mRNA was
raised in the livers of PiZZ, but not PiMZ or PiMM, individuals with
liver disease. Heat shock at 42°C of monocytes from asymptomatic
PiMM individuals resulted in increased levels of hsp70, hsp90 and
ubiquitin (the latter was previously barely detectable).

However,

this heat shock response is not seen in similarly treated monocytes
from PiZZ individuals with liver disease.

Heat shocked monocytes

from PiZZ inividuals with emphysema but not liver disease showed
raised levels of hsp90.
investigated.
expression

Macrophages can
of

AAT

treated with LPS.

be stimulated

by treatm ent

Monocyte cultures from

ubiquitin.

However, the level of ubiquitin was not

with

LPS

to

increase

(Perlm utter,

PiZZ individuals with

their
1984).

liver disease were

This resulted in increased levels of hsp90 and

No increase in the levels of these stress proteins was

detected in similarly treated monocytes from asymptomatic PiMM
individuals.

In conclusion, their results indicate that hsp90
least some AAT-synthesising cells of PiZZ

is induced in at

individuals with

disease in the absence of chemical or thermal stress.
response

is

specific

for

PiZZ

individuals

Ubiquitin also seems to be induced.

with

liver

This stress

liver

disease.

However, it is not clear whether

this induction is specific to PiZZ individuals with liver disease or
occurs in all PiZZ homozygotes.
hsp70

in

antibody

PiZZ

individuals

used does

Although they report an induction of

with

liver

not distinguish
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disease,

between

any

the

anti-hsp70

of the

hsp70

cognates.

It would be especially interesting to know whether in

fact it is BiP that is induced.

1.2.5

Incidence

of neonatal

liver

disease

In

PIZZ

In d iv id u a ls .

Sveger,

(1976)

screened

2 0 0,000

Swedish

newborns

for

AAT

deficiency and found a total of 127 PiZZ individuals who were then
followed up to the age of 12 years in a prospective study (Sveger,
1988; also see references within Sveger, 1988 for reports after 4
and 8 years).

They showed that the majority of PiZZ children have

signs of hepatocellular abnormality, as judged by LFTs, during their
first years of life, but that after the age of 2-4 years in most
individuals these diminish.

Roughly 11% of the children develop

neonatal cholestasis, of which 80-85%
years.

recover by the age of 8

However, of those that did not recover, all developed liver

cirrhosis and had died by the age of 8 years.

Between the age of 8-

12 years no child showed symptoms of liver disease, and at the age
of 12 only 3% of children that had not presented with neonatal liver
disease showed abnormal LFTs.

The LFTs of the PiZZ children who

had suffered neonatal liver disease were abnormal in 33% of cases.
The overall risk of death from liver cirrhosis during childhood was
estimated to be 2-3%.
of

cases

of

presenting

Other studies have found a higher percentage

progressive

with

neonatal

liver

disease

cholestasis

in

those

(see

PiZZ

Povey,

children
1991

for

references).

However, none of these were prospective studies and

referral

specialist

to

centres

may

have

led

to

a

bias

in

ascertainment. The frequency of the association of liver disease in
adults with the PiZZ genotype is less well defined.
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In a study of

246

PiZZ

individuals,

12%

had

cirrhosis

increasing to 19% in those over 50.
history

of neonatal

cholestasis

with

the

incidence

None of these patients had a

(Larsson,

1978).

Hepatocellular

carcinoma has been reported in 6/9 PiZZ individuals with cirrhosis
by Eriksson and Hagerstrand (1974) and in 8/27 such patients by
Larson (1978).

1.2.6

Prognostic

factors

a s s o c i a t e d with

In

neonatal

liver

disease

PIZ.

In general the prognosis is related to the severity and duration of
acute

hepatic

billirubin

dysfunction

values,

greatly

in early

infancy.

increased

levels

Thus,
of

high

serum

transam inases,

increased clotting time, a prolonged period of jaundice, and fibrosis
in the first six months are associated with a poor prognosis (Sveger
and Aagenaes, 1976; Sharp, 1982; Mowat, 1984; Ibarguen et a/.,
1990).

Ibarguen et al., (1990) report that an unusually low trypsin

inhibitory capacity (TIC) amongst their patients is associated with
a poor prognosis.

They suggest that the most likely cause of lower

TIG in these patients is that they possess unusually dysfunctional
hepatocytes or a decreased number of them.

However, a more

interesting possibility is that oxidation of the AAT reactive centre
in

these

patients

is

interfering

with

its

functional

capacity.

A

number of surveys have reported that the prognosis for boys is
worse than that for girls (Sveger, 1976; Udal et a!., 1985; Ghishan
et a!., 1988).

However, Psacharopoulos et al. (1983) and Alagille,

(1984) did not see a sex difference and in fact Ibarguen et al.,
(1990) have reported a worse prognosis for girls. Three surveys
suggest that PiZZ infants who are small-for-gestational-age are at
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greatest risk of liver disease (Sveger, 1976; Mowat, 1984; Ibarguen
et al., 1990).

1.2.7

Familial

risk

of

liver

disease

associated

with

PiZ.

The overall risk of neonatal liver disease to a PiZZ individual is
approximately 11%.

However, it

seems that there is an increased

risk of liver disease

if that individual has an affected sibling.

The

estimates of the degree of risk to such an individual vary widely.
The

highest

risk,

Psacharopoulos

of

70-80% ,

was

et a!., (1983).

reported

in England

by

Estimates from smaller studies in

Canada, Norway and the U.S.A.

suggest a lower risk (Cox and

Mansfield, 1987; Aagenaes et a!., 1974; Sharp et a!., 1969; Udall e t
a/., 1985).

After summarising the data, Cox and Mansfield (1987)

concluded that the overall results suggest that the risk of liver
disease is around 40% in cases where there is a previously affected
PiZZ

sibling,

differences

and
in

that

the

it

was

difficult

assessm ents

of

to

risk

know whether
reflect:

biases

the
in

ascertainment, unlucky sampling, or actual environmental or genetic
differences between countries.

Ibarguen et al.

(1990) reported that

for their families, the incidence of liver disease among 'at risk'
siblings was 21%.

1.2.8

Environmental
associated

P sach aro p o u lo s

factors

with

et al.,

and

neonatal

liver

disease

PiZ.

(1983)

have

reported

a

case

of PiZZ

monozygotic twins, where one boy had died of liver disease whilst
the other had only slightly abnormal LFTs.
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It is therefore apparent

that there

is not just a single additional

responsible

for some

PiZZ

individuals

genetic factor that is

developing

neonatal

liver

disease and that environmental factors must have a role.

Udall et al., (1982) suggested that the transport of proteases from
the intestinal lumen into the systemic circulation might be greater
in neonates than adults.

Furthermore, that in the case of anti

protease deficiency, luminal proteases reaching the liver may cause
inflammation and eventually liver disease.
proteases,

including AAT,

They suggest that anti

in breast milk may normally serve to

counteract luminal proteases and that this may be protective. A
retrospective study involving 32 infants indicated that there may be
an association between bottle-feeding and severity of liver disease.
Severe liver disease developed in 7 out of 20 bottle-fed infants and
in only 1 out of 12 infants exclusively breast-fed for at least one
month (Udal et a!., 1985).
supported this.

The prospective study by Sveger (1985)

It revealed that 12 out of 47 infants breast-fed for

less than one month had clinical evidence of liver disease, whereas
only 8 out of 71

breast-fed children

had such signs.

Another

retrospective study revealed that outcome was poor in 4 out of 14
infants breast-fed for at least 2 months versus 20 out of 39 bottlefed

infants,

significant

but

concluded

difference

that

(Ibarguen
might be

this

was

not

et a!., 1990).
some

protective

a

statistically

Overall, the data

suggests

that there

feeding.

However, this may not be due to anti-protease activity -

other beneficial effects such as decreased
might

be

involved.

Furthermore

the

effect

of breast

incidence of infection

association

may

not

be

causative and deaths have occurred among breast-fed infants in all
the studies.

The effects of other environmental factors such as
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smoking and alcohol consumption during pregnancy, viral infection
etc.

have not been reported.

1.2.9

Genetic
disease

variation

in

associated

the severity

of neonatal

liver

with PiZ.

Three possible sources of genetic heterogeneity that may result in
variation in severity of liver disease have been investigated.
source

is

heterogeneity

heterogeneity

in genes

in

the

linked

PiZ

to

Pi,

allele
and

itslf.
the

third

One

Another

is

source

is

heterogeneity in unlinked genes.

1.2.9.1

Heterogeneity

of

the

PiZ

allele.

Although all PiZ alleles have the same point mutation in exon V
there

was

a

formal

possiblity

that

some

alleles

could

contain

additional mutations that affect the production or nature of the PiZ
protein

and

hence

majority of Z

influence

disease.

Since

the

mutations are found on the same

overwhelming
haplotype (see

section 1.1.6) it is thought unlikely that heterogeneity of PiZ alleles
is responsible for variation in liver pathology (Povey, 1990).

1.2.9.2

Genes

linked to

Pi.

Pi, which is located on 14q31-32.3, is linked toPiL,
Gm

AACT, and the

locus (a cluster of genes encoding IgG heavy chains which

specify Gm markers).

PiL and AACT are members of the serpin gene

family and share sequence homology with AAT.

AACT and Pi are

found within 250 kb of each other (Sefton et al., 1989), whilst PiL
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is located approximately 10 kb downstream of Pi (Kelsey et al.,
1988a).

The Gm locus is distal to Pi, PiL and AACT and is located on

14q32.33-qter (Cox e ta !., 1984).

PiL has a common polymorphism which consists of a 2 kb deletion
that encompasses the whole of exon IV and part of exon V.

This

deleted allele (D) is present in the Dutch population at a frequency
of 0.3 (Hofker at a/., 1988).

Sequencing of the undeleted PiL allele

(U) has shown extensive homology in the introns (65%) as well as
the exons (70%) (Bao at a/., 1988).
the promoter,

start codon and

An accumulation of mutations in

in an

intron/exon junction would

suggest that the D allele is non-functional (Hofker at a/., 1988).

It

has been suggested that the structure of the U allele is not that of a
pseudogene because it has conserved RNA splice sites and there are
no internal termination codons (Bao at a/., 1988).

If expressed, the

PiL protein is predicted to have a different active site to that of
human AAT (Tryp-Ser instead of Met-Ser), but the same as that of
murine AAT (Bao at a/., 1988; Hill at a/., 1984).

However, Kelsey at

a/., (1988a) were unable to demonstrate expression of this gene in a
range of tissues using a sensitive RNase protection assay.

Almost

all the PiZ alleles, that have been examined, have been shown to be
associated with the U allele (Povey, 1990; Meisen at a/., 1988; Cox
and

Mansfield,

1987).

The

two

genes

recombination between them is unlikely.

are

very

close

and

Therefore variation in the

U allele is not thought to contribute to variation in the severity of
liver disease in families (Povey, 1990).

The AACT gene has about 40% sequence homology with Pi (Chandra
at a/., 1983) and is expressed in alveolar macrophages (Burnett a t
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al., 1984) as well as in the liver.

Its product is a serum protease

inhibitor, whose target substrates include mast cell chymase and
neutrophil

cathepsin

G

(Travis

et a!.,

1978).

The

physiological

function of the antiprotease has not been clearly defined.
cathepsin

G enhances the

rate of elastin digestion

However,

by elastase

(Travis, 1978), and AACT is found at elevated levels in the bronchial
lumen of patients with chronic bronchitis (Ryley and Brogan, 1973).
The antiprotease

has also been shown to markedly

reduce the

natural

activity

in

cytotoxic

(Gravagna,

of T-cell

killer lymphocytes

vitro

at a/., 1982), and to enhance the antibody response in

vivo (Matsumoto at a/., 1982).

Thus, AACT could be involved in the

overall protease/antiprotease balance in the lung and may modify
the immune response.
partial deficiency

It has been suggested that a genetic AACT

(for which the

molecular

basis

has

not been

established) is associated with liver and lung disease (Eriksson a t
a/., 1986).

Although the AACT gene is fairly close to Pi, in one

family recombination between the two genes has been observed.
However,

from

limited data

it appears that there

is no linkage

disequilibrium between a common Taq I polymorphism in the AACT
gene and PiZ related liver disease (Kelsey at a/., 1988b).

Linkage between Pi and Gm was first reported by Gedde-Dahl at a/.
(1972) in a study of 68 families where the recombination fraction
was

estim ated

to

be

0.25.

They

suggested,

however,

that

recombination was decreased in carriers of the PiZ allele (PiMZ
individuals) compared with non-carriers.

This has been confirmed

in a number of subsequent reports (Weitkamp at a/., 1978; GeddeDahl at a/., 1975, 1981; Babron at a/., 1990).

Although it has been

suggested that the reduction in recombination rate for PiZ alleles is
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confined to males (Gedde-Dahl et al., 1975, 1981), this has not been
confirmed
(Babron

in the

largest

at a!., 1990).

study

to

date

involving

843

families

In addition, this study did not confirm an

earlier finding of heterogeneity in the recombination

rate of PiS

versus non-PiS alleles (Chepuis-Cellier at a!., 1981).

Possible explanations of the reduced recombination

rate between

the PiZ allele and Gm include a linkage disequilibrium between the
PiZ allele and a large chromosomal inversion or deletion between
the two loci.

It is not clear whether this phenomenon is true for PiZ

alleles in all populations.

The possibility that heterogeneity in the

Gm locus is responsible for variation in severity of PiZ related liver
disease exits, and is being explored (Povey, 1990).

1.2.9.3 Genes not linked to PI.

The

only other source

of genetic

investigated is the HLA complex.
associated

with

heterogeneity

that

has

been

This cluster of genes has been

susceptibility to a

number of

human

diseases,

especially ones considered to have an autoimmune basis (see Kostyu
(1991)

for review).

subjects for HLA type.
disease.

Doherty at at.

(1990)

assessed

140

PiZZ

Of these individuals, 92 had juvenile liver

They found an increase in HLA type DR4 in patients without

liver disease (60% of individuals without liver disease, compared to
39% with).

In addition, DR3 was significantly more frequent in PiZZ

individuals with

liver disease

(46% ),

compared to those without

(17% ) and to a random control population (23% ).

Since, however,

there was a lack of concordance with HLA and disease status in
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siblings, they concluded that other genetic or environmental factors
must also be involved in the pathogenesis of neonatal liver disease.

Variation in other genes may also play a role in the heterogeneity of
disease

in PiZZ inividuals.

For example, variation

in the gene

encoding elastase (the physiological target of AAT) may result in
differences in antiprotease/protease physiology and hence lead to
differences in pathology.

Initial results, however, from lEF of the

protein from serum suggests it is not very polymorphic (Dr.

D.

Whitehouse,

in

personal communication).

Conceivably

variation

genes encoding proteins that regulate the expression of the AAT
gene

might also

affect severity

of liver disease.

Thus

if the

severity is dependent upon the level of AAT accumulating in the
liver,

this

might be

revealed

by

polymorphisms

in transcription

factors or IL6 which upregulate the level of expression of the AAT
gene.

Since hsps have been shown to be raised in individuals with

liver disease, it may be interesting to determine whether this is
linked directly to variation in the hsps themselves.
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PART THREE:

A MOUSE MODEL OF PiZ RELATED LIVER
DISEASE?

1.3.1

Animal

models

of

human

disease.

Research into AAT related liver disease has been approached in a
variety of ways.

Some understanding of aspects of the disease has

been gained from a wide range of studies.

These include studies of:

the molecular biology of the AAT gene; the defective structure and
secretion of the PiZ protein; the pathology of the disease; variation
in the

genetic

environment.

background

of patients

tissues

experim ental
background.

differences

in their

However, a good animal model of the disease would

greatly facilitate all these approaches.
all

and

at

any

It would provide access to

stage

of

developm ent

m anipulation

of

the

and

environm ent

would
and

allow
genetic

In addition, an animal model might in the long term

allow the testing

of potential therapies

(whether drug,

gene

or

enzyme replacement).

1.3.1.1

Experim ental

models.

A certain amount of information may be obtained from experimental
induction of disease.

For example, a number of animal models of

emphysema have been generated in different species by altering the
elastase/antielastase balance.

This has been achieved either by

instilling free elastase into the lung (in dogs by Janoff et al., 1977)
or

by

lowering

the

concentration

of

active

antiprotease

by

administering oxidants such as chloramine T (in Macaca arctoides
monkeys by Cohen, 1979).

The levels of serum AAT in rats may be
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reduced to 10-50% of normal levels by chronic administration of
galactosamine

(Bolmer and

Kleinerman,

1986).

When

this was

carried out over a period of two weeks there was no alteration in
the histology of the lung, but histological examination of the liver
revealed

moderate signs of disease and diastase-resistant PAS-

positive granules which contain AAT.
not associated with the E.R..

However, the granules were

It was suggested that galactosamine

interferes with the oligosaccharide processing of glycoproteins and
that

this

resulted

in the

hepatocytes

of

experimental

model

hindered

secretion

galacto sam in e-treated
mimics

certain

of

rats.

aspects

AAT

from

Although

of the

the
this

AAT-related

liver disease, it does not accurately reproduce the human disease.
The AAT protein in galactosamine-treated rats is prevented from
leaving the Golgi efficently, whereas in humans the PiZ protein is
retained in the E.R..

Furthermore, the usefulness of the model is

limited by its crudeness.
affect

specifically

glycoproteins

AAT,

in general.

Galactosamine treatment is not thought to
but

prevents

This may well

normal

processing of

influence the

resulting

pathology.

1.3.1.2

Genetic

models

- the

mouse.

When considering the choice of animal with respect to producing
genetic animal models of human disease, the mouse has a number of
advantages.

Whilst fulfilling the requirement of being mammalian,

they are cheap to maintain and easy to

handle.

Furthermore, a

number of factors facilitate their genetic

analysis. They have

a

rapid reproductive cycle and produce relatively large numbers of
progeny.

There is also a large number of inbred strains and these
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have been used to establish congenic, coisogenic and recombinant
inbred strains.

Their use, along with the use of interspecific and

intersubspecific backcrcsses and a growing number of polymorphic
DNA markers, have made linkage analysis in mice much easier than
in humans.

Although a number of mouse mutants have been proposed

as models of human diseases, their degree of similarity to their
proposed

human disorder varies widely (see

Darling and Abbott

(1992) for review of mouse models of human single gene disorders).
Mouse

models

can

be

proposed

on

the

basis

of

phenotypic

similarities, but they must be evaluated by comparative mapping.
Ultimately, the accuracy of the model depends on homologous loci
being mutated in both human and mouse and on physio-pathological
s im ila ritie s .

There are no known mouse mutants with AAT deficiency.
few mouse mutants are susceptible to emphysema.

However, a
The blotchy

allele is one of several mutations at the mottled locus on the mouse
X chromosome.

Affected males develop emphysema-like changes in

the lungs which are thought to result from a deficiency in collagen
and elastin cross-linking, caused by a defect in the lysyl oxidase
enzyme (Fisk and Kuhn, 1976).

Two other mutations in the mouse,

tightskin and pallid, are associated with emphysema.

These genes

are closely linked and map to mouse chromosome 2.

Mice homozygous for the Tsk allele die in utero.

Heterozygotes have

increased growth of bone and cartilage, an enlarged thorax, and
hyperplasia of subcutaneous connective tissue
"tight-skin mouse").

(hence the

name

The lungs of all Tsk + mice have the structural

and physiological characteristics of emphysema by the age of 3
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weeks (Szapiel, 1981).

Rossi et al.

(1984) reported increases in

the numbers of alveolar macrophages and neutrophils in Tsk + mice
prior to and

after the development of emphysema.

demonstrated

that

the

serum

of

inhibitory capacity (EIC) deficit.
the

recessive

f

mice

had

no

elastase

Pallid mice are homozygous for

coat colour allele

compared the lungs of Tsk +

these

They also

pa.

+ pa

Martorana et a/.,
mice

(1989)

morphometrically

those of + pa / + pa mice over a period of 16 months.

with

Whilst they

report 3 phases of emphysema in the Tsk + / + p a mice, the first
beginning from 4 days to 2 months after birth, they also report
emphysema-like changes in the + pa / + pa mice by 16 months.

It

has been shown that Tsk + / + pa and + pa / + pa mice have similar
serum EIC deficits (Gardi et a/., 1991).

This may be due to the pa

allele since Tsk + I + + mice do not exhibit this deficit.

Thus the pa

mutation seems to be recessive for coat colour but dominant for EIC
deficit.

It has been suggested that the emphysema seen in pallid

mice arises directly from the EIC deficit, whereas the disease in
the Tsk + / + pa mice arises from a defect in collagen metabolism as
well as EIC deficit (Gardi et a/., 1991).

The pallid / EIC deficit gene

is not linked to the mouse AAT genes since these have been shown,
in this mouse genetic background, to be clustered on chromosome 12
(Borriello and Krauter, 1990).

Diseases such as the AAT related liver disease are complex and
multifactorial

(with

both

environmental

and genetic components).

They may be under polygenic control with disease susceptibility
resulting

from

distinct genes.

the

cumulative

and

interactive

effect

of several

If a reasonably accurate mouse model has been

established, and if the same genes control disease susceptibility in
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the model and in humans, it should be easier to predict how many
genes are involved in disease susceptibility in the mouse and to map
them than to do the same in humans.

Homologies between the mouse

and human genetic maps should then facilitate the mapping of these
genes in man (see Nadeau, 1989, for review of comparative mapping
in mouse and man).

This approach

has been

notably successfull

in the case of the

nonobese diabetic (NOD) mouse model for type I (insulin dependent)
diabetes in humans which is an organ-specific autoimmune disease.
It is characterised by insulitis - the infiltration of the pancreas by
cells of the immune system - followed by the destruction of the
insulin producing

(3 cells.

Identical twins of affected individuals

have a 36% risk of developing type I diabetes compared with an
average 6% risk for other siblings.

Certain alleles of at least three

MHO class II genes, DQA1, DQB1 and DRB1, on chromosome 6
correlate with predisposition to type I diabetes.
region on human chromosome l i p

The insulin gene

is also associated with disease

susceptibility (Thomson et al., 1989).

However, it is not known how

many other genes are involved in its etiology.

The NOD mouse spontaneously develops a type I insulin-dependent
diabetes
difference

which
is

is very

that

NOD

similar
females

to

the

have

human

disorder.

approximately

twice

One
the

frequency of disease compared to males (90% versus 50%) whereas
there is no sex difference in humans (Makino et a!., 1980).

The

environment plays an important part in the onset of diabetes in the
NOD mouse.

The frequency of diabetes can be increased to 100% in
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germ-free conditions, but viral infection reduces disease frequency
(Oldstone, 1988).

A suceptibility gene, ldd-1, has been mapped to the murine MHC on
chromosome 17.

However, it seems that ldd-1 may actually consist

of two susceptibility loci which are both MHC class II genes.

The

relative contributions of the MHO and non-MHO genes have been
analysed by the use of experimental crosses and congenic mouse
strains.

The

data

suggested

that

recessive genes unlinked to ldd-1

at

least

two

phenotypically

are required for onset of the

desease and that one may control the frequency and severity of
insulitis,

whilst the

other

insulitis to diabetes

might

(Whicker

influence

et al.,

the

1987).

progression

from

A non-MHO gene,

designated ldd-2, was tentatively assigned to mouse chromosome 9
(Prochazka e ta !., 1987).

In order to map the non-MHO genes that are associated with the
disease, Todd at ai.

(1991) have identified and mapped a large

number of mouse microsatellite polymorphisms.

This provided an

extensive framework, covering most of the genome, of informative
markers for linkage mapping.

They analysed the association of

these markers with disease in a large backcross to NOD with the
diabetes-resistant (B10.NOD-H-2g7 X N 0 D )F 1 .

B10.NOD-H-2g7 is a

congenic mouse strain which has the NOD MHO region but does not
develop diabetes.

Their results have established the chromosomal

location of ldd-3 and ldd-4 to chromosomes 3 and 11 respectively of
the NOD mouse.

It seems that ldd-3 contributes to the frequency

and severity of insulitis and ldd-4 affects the onset of diabetes.

It

was suggested that the reason the association with ldd-2 was not
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seen was due to strain differnces between the F1 mice used in the
backcrcsses (the backcross used by Prochazka et al.

to establish

the location of the ldd-2 gene was (NOD X N0N)F1 X NOD where NON
is a diabetes-resistant strain).

Todd at al.

calculated that only 70%

of the genome was properly covered by their analysis.

They suggest

that the use of additional markers and the generation of a greater
number of affected progeny, as well as the genetic analysis of
crosses of NOD mice with other mouse strains, will result in the
identification of further diabetes resistance genes.

In order to model a disease one needs a disease phenotype in the
mouse that closely resembles that of the human disorder and these
are often not available.

The models that exist have usually arisen

through spontaneous mutation or mutagenesis programmes in which
no particular locus is targeted.
the

mouse genome

However, the ability to manipulate

is potentially an extremely

producing models of human disease.

powerful way of

Because of a lack of relevant

mouse mutants, this was the strategy that was pursued

in this

project to model the liver disease associated with PiZ.

1.3.2

Transgenic

mouse

models

of

human

disease.

A number of methods have been employed for introducing exogenous
genes into the mouse germline and these are discussed in Chapter 3.
The

most common

injection
transgenic

of

DNA
mouse

method,
into

however,

fertilised

models

involves

mouse

pronuclear micro-

eggs.

of tumour development

Leaving

aside

(reviewed

by

Adams and Cory, 1991), Abbott and Darling (1992) have reviewed
transgenic mouse models of human single gene disorders.
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Depending

on

the

disease,

a

number

of

different

strategies

transgenic mouse models might be employed.
divided and are discussed below.

for

creating

These can be sub

The usefulness and accuracy of

some of these models are discussed later in Chapter 6.

1.3.2.1

Introduction

of

additional

p ro tein-encod ing

genes.

(a) Inappropriately expressed wild-type genes.

(i) Overexpression.

Extra copies of the normal gene introduced with either the normal
promoter

or

a

stronger

expression of the gene.

heterologous

promoter

may

upregulate

This may be used to model certain diseases.

For example, accumulation of (3-amyloid precursor protein (p -A P P )
in

the

brain

disease (AD).

is

characteristic

of

individuals

with

Alzheim er's

Specific mutations of the p-APP gene have also been

found in a few families which show an autosomal dominant pattern
of inheritance of the disease (Goate et al., 1991).

In an attempt to

model

neuron

AD,

p-A PP

gene

constructs

driven

by

specific

promoters have been introduced into mice (Quon e ta !., 1991; Wirak
et a/.,

1991).

successful.

Unfortunately, these

models have

not been very

Although Quon e fa /. (1991) reported the presence of

amyloid-like deposits in the brains of their transgenic mice, so far
there

has

been

no

evidence

of

early

neuronal

degeneration, or of obvious signs of CNS dysfunction.
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cell

death

or

(ii) Aberrant expression.

Expression of a normal gene in the wrong place and at the wrong
time has been used to generate models of human disease.
example, high levels of tumour necrosis factor (TNF)

For

have been

found in the synovial fluid of patients suffering from rheumatoid
arthritis

(RA).

Keffer

et al.

(1991)

therefore

altered

the

3'

regulatory sequences of a TNF gene construct in order to produce
deregulated expression of the gene when it was introduced into
mice, where it resulted in a swelling of the animals' ankle joints
and a possible model for RA.

b) Expression of viral genes.

The species specificity of human viruses makes it impossible to
study the diseases they cause by infecting animals.

However, it may

be possible to model these diseases by using transgenic techniques
to

introduce

transgenic

particular

viral

genes

mice carrying the

hepatitis

into

mice.

B virus

For
(HBV)

develop hepatocellular carcinoma (Kim et al., 1991).

example,
HBx gene
This work

seems to confirm earlier suggestions that the HBx protein, which
acts as a transcriptional transactivator of viral genes,
alter

the

expression

of

host

genes

and

thereby

development of liver cancer (Seto et a/., 1990).

may also

lead

to

the

Transgenic mice

carrying the HBx gene may now be used to define the molecular
events which lead to the disease.
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c) Mutant genes

(i) Dominant negative effect.

Many

proteins are

multimeric in subunit structure.

Thus some

mutant proteins can interact with the wild type protein to interfere
or inhibit its function.

For example, mutations resulting in glycine

substitutions have been identified in the pro-a1(l) collagen gene of
patients

suffering

imperfecta type II.
with

a

mouse

containing

a

from

the

dom inant

Stacey et al.

genomic

glycine

disorder

osteogenesis

(1988) generated transgenic mice

clone

of the

substitution.

p r o - a l(l)

Expression

collagen
of the

gene

construct

resulted in a phenotype in the mouse which closely resembled the
human

disorder.

transgenic

Furthermore, the severity of pathology

mouse could

be directly correlated with the

in the
level of

expression of the mutant gene.

(ii) Specific effect of mutation.

A number of attempts have been made to model sickle cell anaemia
by introducing the human p-globin gene containing the pS mutation
(Rubin

et a/.,

1988;

Greaves

et ai.,

1990;

Ryan et al.,

1990).

Although a high level of expression of the human globin gene was
achieved
effects.

and

sickling

observed

in vitro

there

were

However, a more useful model has been generated by the

introduction of another pS-globin construct (pSAD).
contains

no clinical

two

other

mutations,

in

addition

to

pS,

This construct
which

occur

naturally, but in different human populations.

Each increase the

severity of the pS mutation (Trudel et al., 1991).

The pSAD gene and
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the human a2-globin gene were Co-introduced into mice and animals
expressing both genes showed sickling in vitro and slightly enlarged
spleens.

When these mice were crossed with mice homozygous for a

major p-globin gene deletion, thus increasing the proportion of pSAD
haemoglobin in the offspring, the progeny showed sickling in vivo
and clinical features characteristic of human sickle cell disease.

1.3.2.2

Targeted
-

destruction

of

specific

celi

types

to x ig e n ic s .

This strategy (reviewed by Evans, 1989) employs a gene, under the
control of a developmental and/or tissue specific promoter, that
produces a product that is itself a toxin or that has a capacity to
metabolise a nontoxic substance into a toxin.

As a result the

'suicide' of the host cell is induced.

The strategy has been used to create several models of human
disease, for example transgenic mouse models of microphthalmia.
Here, coding sequence for the a subunits of either the diphtheria or
ricin

toxins,

placed

under

w ere

the

control

introduced

of

promoters

crystallin

genes,

(Breitman

et a/., 1987; Landel et a/., 1988).

have a p

subunit which

allows them

into

the

from

mouse

lens

germ line

The toxins normally

to pass

through

the

cell

membrane and into the cytoplasm where the a subunits act as the
poison.

However, by introducing toxin constructs without the p

subunits, the toxins are confined to cells which express the gene.
Thus ablation can be specifically targeted.
were

created

that

w ere

physiologically

abnormalities of the ocular lens.

In both cases, animals
normal

except

for

An adaptation of this strategy has

Page 84

allowed the creation

of conditional ablation of cell types.

The

herpes simplex virus 1 thymidine kinase gene (H SV-1-tk),

unlike

m ammmalian
nucleoside

thymidine

analogues,

monophosphate.

kinase,
such

as

is

capable

of

phosphorylating

ganciclovir,

to

the

nucleoside

When these are subsequently phosphorylated by

cellular kinases they are incorporated into DNA leading to inhibition
of DNA synthesis and cell death.
promoter sequences

to the

By attaching immunoglobulin gene
introducing

this

construct into mice, expression was directed to the spleen

and

thymus (Borrelli et a/., 1988).

H SV-1-tk

gene

and

Transgenic animals that showed high

level expression of the construct in these, but not other tissues,
were administered ganciclovir.

This resulted in a depletion of over

99% of B and T lymphocytes (Heyman et al., 1989).

1.3.2.3

Inactivation

of

endogenous

mouse

genes.

(a) Antisense RNA.

This

strategy

aims to

introduce

constructs which

produce

RNA

which is complimentary to the mRNA of the targeted gene, thereby
inactivating the message.

Although antisense constructs have been

shown to inhibit gene expression in cell culture ( e.g.

Cameron and

Jennings, 1991; Graessmann et al., 1991) and in vivo to produce a
phenocopy of the mouse mutant shiverer (Katsuki et al., 1988), the
technology has not so far been used to create a mouse model for
human disease.
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(b) Ribozymes.

Zaug and Cech (1986) showed that a portion of an intron from a self
splicing Tetrahymena thermophila mRNA molecule could catalyse
several intramolecular splicing events before it was degraded.
RNA

This

molecule, which was acting as an enzyme, was termed a

ribozyme.

Foster and Symons (1987) subsequently reported that

self- cleavage in the virusoid RNA molecules of a plant virus, the
lucerne transient streak virus (LTSV), occured at specific places
along its length, where the secondary structure, unlike that in the
Tetrahymena, was in the form of a distinctive hammerhead.

They

concluded that this structure itself is prone to self cleavage.
1989,

Gerlach

and

Haseloff

filed

a

patent

application

for

In
an

efficient synthetic ribozyme in which the active cleavage element
(the hammerhead structure) is surrounded by short stretches of RNA
complementary to RNA sequences on either side of the desired
cleavage site in the substrate RNA molecule (see fig. 1.7).
technology
strategy.
to

be

has

some

potential

advantage

over

the

This new
antisense

Because ribozymes work as enzymes they are more likely
able

constructs.

to

inactivate

abundant

m essage

than

antisense

However, the technology is still being developed and it

seems unlikely to be in widespread use for sometime, especially
since

becoming

surrounded

by

a

(Maddox, 1989).
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controversial

patent

dispute

Recognition site

Enzyme would cut here

SUBSTRATE

NNNNNN
NNN

NNNNN

3*

NNN

5*

Complementary
sequence

RIBOZYME

N

= Any nucleotide
= The shortest RNA sequence found to be effective in
cleaving RNA.

Figure 1.7 The CSIRO ribozyme
hammerhead structure.
The ribozyme would cut the upper substrate RNA strand after the
trip le t GUC. The RNA sequences on either side of the common
ribozyme unit would be synthesised so as to be complementary in
sequence to the nucleotides surrounding a specific GUC triplet,
thereby enhancing the specificity of the ribozyme.
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(c) Directed mutation - homologous recombination.

Using

pluripotent embryonic

stem

(ES)

cells,

it

is

possible

to

transfer, by homologous recombination, modifications, introduced in
vitro

into cloned genes,

into germ cells

(reviewed by Capecchi,

1989a & 1989b; see Chapter 3 for an outline of the procedure).

The

ability to target exogenous DNA to specific chromosomal sites is
dependent on the cells' intrinsic ability to mediate recombination
between homologous DNA sequences.

The main difficulty, however,

appears to be identifiying homologous recombination events in a
vast pool of scattered nonhomologous recombination events.

The original experiments used a neomycin resistance gene to disrupt
the gene

of interest and as a

means of positive selection for

integration of the construct anywhere in the ES genome; selection
for

homologous

recombination

was

achieved

by

targeting

the

disruption of the hypoxanthine phosphoribosyl transferase (HPRT)
gene - and growing the cells in the presence of 6 thioguanine, a base
analogue, which kills HPRT+ cells (Thomas and Capecchi, 1987).
However, most genes of interest are not selectable in this way.
O th er

indirect

methods

homologous recombination

for

enriching

and/or

have been developed.

screening

for

One selection

method utilises PCR to amplify specifically a novel, gene disrupting,
DNA junction created by the targeting event (Kim et al., 1988), This
method has been extended to dispense with the neomycin resistance
selectable

marker

gene

which

may

increase

the

homologous recombination (Zimmer and Gruss, 1989).

efficiency

of

It is also

possible to use the regulatory sequences of the target gene to enrich
for successful

recombination events.
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In this case the targeting

vector is designed in such a way that expression of a selectable
marker depends on homologous integration to supply a
promoter
strategy

or enhancer

(Jasin

and

Berg,

1988).

is only applicable to genes that are

recipient cell line.

missing

However,
expressed

this

in the

The positive-negative system is an enrichment

system that is independent of function of the gene and is also
applicable to genes that are not expressed in ES cells.

This

procedure uses positive selection for cells that have incorporated
the targeting vector anywhere in the ES genome and a negative
selection

for

cells

that

(Mansour et a/., 1988).

have

randomly

integrated

the

vector

Although the targeting frequency is lower

than in other systems, the net effect is to enrich for cells that have
homologous integration of the target vector.

The use of homologous recombination in ES cells has provided a
number of possible mouse models of human disease.

The targeted

disruption of the Hex 1.5 gene in mice may provide a model of
DiGeorge

syndrome

(Chisaka

and

Capecchi,

1991),

whilst

the

targeted disruption of the murine p53 gene may have produced a
model for the inherited cancer syndrome Li-Fraumeni (Donehower a t
a/., 1992).

(d) Serendipitous insertional mutagenesis

Animal models for diseases may be created by increasing the level
of DNA damage in the germ cells of mice by subjecting the animals
to ionising radiation or mutagens and then screening for any new
mutations in their progeny.
animals

if the

mutation

These can be seen

is dominant
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or

in the founder

semi-dominant

and

in

intercrossed offspring if recessive.

However, the introduction of

exogenous DNA into the mouse genome is highly mutagenic and
offers

an

advantage

over

other

mutagenising

techniques.

It

facilities the cloning of sequences flanking the site of insertion,
thus providing a means of quickly identifying the gene responsible
for the observed phenotype.

Models might be created unintentionally as a result of introducing
exogenous

DNA into the

mouse genome.

For example

in one

particular transgenic mouse line, a la c Z construct happened to
integrate into the dystonia musculorum
this gene

insertion

may

provide

a

gene.

model for some

Freidreich's Ataxia (Kothary, et a/., 1988).
of

insertional

m utagenesis

Mice homozygous for

involving

aspects

of

Intentional programmes
random

integration

of

retroviruses or gene trap vectors into ES cells may, in the future,
provide many interesting models of human diseases (Gossler at a/.,
1986; Macleod at al., 1991).

1.3.2.4

Introducing

specific

aiterations

to

endogenous

mouse genes.

It is possible to use homologous recombination in ES cells as a
means

of introducing

deletions

or

substitutions)

inactivating the gene.
selectable

small specific gene
into

the

alterations

mouse

germ line

This could be achieved

marker within an intron of the altered

target gene contained in the targeting vector.

(insertions,
without

by locating the
portion of the

It still provides a tag

for the introduced DNA, but it does not disrupt the coding sequence
(Capecchi,

1989b).

Alternatively,
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a

two

step

recombination

procedure could be used (Hasty et al., 1991).
for homologous

integration

This involves selection

of the target vector into the

mouse

genome, causing a partial gene duplication. This is followed by
selection for intrachromosomal recombination
is

excised

from

the

genome.

In

a

in which the vector

proportion

of cases,

the

recombination occurs in such a way that the vector leaves the
altered

portion

of the

gene,

that

it originally

contained,

taking

instead an equivalent homologous proportion of the native gene. The
overall effect is to introduce a small change.

1.3.2.5

Systems

for

studying

early

onset

lethal

diseases.

Diseases which are lethal before reproductive capacity is reached or
which

impair

reproduction

would

be

tedious

to

model

using

a

transgenic system: every animal studied would have to be a founder.
However, by using a two-tier transgene regulation system it should
be possible to avoid this problem.

Byrne and Ruddle (1989) have

developed a system, in order to study early lethal mutations, which
would allow the establishment of transgenic mouse lines that have
inducible potentially lethal transgenes.

The system is based on the transactivation of the immediate-early
(IE)

genes

of the

herpes

simplex

activator virion polypeptide, VP16.
contain

a

cis-acting

regulatory

virus

(H SV -1)

by the

trans

All of the IE genes of the HSV-1
sequence

(the

transresponder

element) which is necessary and sufficient for transactivation
the VP16 polypeptide.

by

The lethal transgene would be under the

control of a transresponder and introduced into one mouse line - the
gene is not expressed.

A second transgenic mouse line is generated
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with the VP16 transactivator gene under the control of an inducible
or tissue-specific promoter.

When the two lines are crossed the

offspring

transgenes

that

inherit

both

should

exhibit

specific

induction of the IE-regulated transgene.

The system has yet to be

applied

inducible,

to

a

lethal

gene.

However,

tissue-

specific

expression of an IE-regulated CAT construct has been achieved
(Byrne and Ruddle, 1989).

Alternative two-tier gene regulation systems may be able to utilise
site specific recombinases.
excision

of sequences

target sequences.
used

These enzymes catalyse the precise

flanked

by,

and

The bacteriophage P I

in plants by Dale

and Ow

(1991)

including,

their

specific

C re/lox system has been
to excise

resistance gene flanked by the lox recombination sites.

an antibiotic
The coding

region of lethal transgenes could be disrupted with DNA flanked by
such recombination sites.

These genes would only be functional in

the offspring of those transgenic mice, crossed with a second line
bearing the appropriate site-specific recombinase construct, which
inherit both genes.

1.3.3 Transgenic mouse models of PiZ related

liver

d isease.

1.3.3.1

Murine AAT genes.

It has been shown that in C57BL/6 mice, which are of Mus musculus
origin, there are at least five AAT genes clustered on chromosome
12, 8-12 centimorgans centromeric to the Gm locus (Borriello and
Krauter,

1990).

The

genes

characterised
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all

appear

to

be

approximately

10 kb long, contain

5 exons and are transcribed

mainly in the liver to produce mRNA of approximately 1500 bases
(Krauter et al., 1986; German et al., 1981; Hill at al., 1985).

There

is roughly 60% amino acid homology between the mouse and human
proteins (Hill at a!., 1984).

Using a novel PCR procedure, Borriello and Krauter (1990) have
analysed the reactive site regions of all five C57BL/6 AAT genes.
They showed that two of the genes encode tyrosine, two methionine,
and one a leucine at position 353.

This position is analogous to the

methionine reactive site at position 358 in the human AAT gene.

All Mus musculus strains contain multiple AAT genes.

However,

gene duplication of AAT in mice appears to have occured recently
since some species of mice (e.g.

Mus Carol! ) possess only one copy

of the gene (Latimer at al., 1987).
Hastie

(1987)

that following

It has been suggested by Hill and

duplication

of

an

ancestral

serine

protease inhibitor gene there has been selection for divergence at
the

reactive

evolutionary

centers.
mechanism

They
is

proposed

selection

for

that

the

new

antiproteases

counteract the extrinsic proteases of parasites.

most

likely
to

By comparing the

cDNAs of all five murine AAT genes, Borriello and Krauter (1991)
have shown that there is a clustering of nucleotide changes and a
very

high

replacem ent

/

surrounding the reactive site.

silent

ratio

in

the

narrow

region

Furthermore, 3-D computer modelling

of the positions of the amino acid changes in the crystallographic
structure predicts that many of them are on the surface of the
molecule where they are likely to interact with the target protease.
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This seems to confirm that there may be an evolutionary mechanism
that is selecting for the functional diversity of these genes.

1.3.3.2

Aims

In attempting

of

project.

to create

a transgenic

mouse

model of the AAT

related liver disease the endogenous mouse AAT genes have to be
considered.

The best model of the disease would probably be

achieved by inactivation of the endogenous AAT genes followed by
introduction of the human mutant Z allele.
how many genes of Mus

musculus

However, it is not clear

, the

most commonly

used

laboratory mouse, are functionally analagous to the human AAT gene
and

thus whether inactivation

required.

of all

or just some of them

are

The easiest way around this problem may be to use

homologous recombination in ES cells of M.
contain one AAT gene.

However, little else is known about this

species compared with M.
establishment of a M.
antisense

approach

Carol!, which only

musculus and it would also require the

Caroli ES cell line.
would

be

abundant levels of AAT mRNA.

It seems unlikely that the

successful

in counteracting

such

The most suitable strategy may, in

the future, be that of ribozymes which could be designed so that one
enzyme could target five AAT mRNA species of M. musculus.

In

the

absence

of

any

obvious

and

accessible

technology

to

inactivate the mouse AAT genes, it was decided just to introduce
the human PiZ gene.
order

to

This was, in the first instance, carried out in

test whether the

accumulation

of

PiZ

protein,

in the

absence of AAT deficiency, is sufficient to produce liver disease in
mice.

Page 94

After this project was started two other groups published papers
describing mouse models of the AAT related liver disease generated
by introducing PiZ constructs into mice (Dycaco et al., 1988; Carlson
et al., 1989).

These models will be compared with the one developed

in this project and their accuracy assessed.
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CHAPTER 2

THE PiZ GENE CONSTRUCT.

2.1 INTRODUCTION.

Since

a suitable

PiZ gene

construct was

laboratory one had to be generated.

not available

in this

Instead of cloning the mutant

gene from a PiZZ individual, we decided to introduce the Z mutation
into an available 17.5 kb PiM gene construct.

This was achieved

using

The mutation was

homologous

recombination

in

E .C o li.

transferred from a plasmid which contained 0.4 kb of exon V of the
PiZ allele.

The homologous recombination was carried out in the laboratory of
Dr. M. Tripodi in "La Sapienza", Rome.

Homologous

recombination.

The ability of mammalian, protozoan and yeast cells to mediate
homologous recombination between endogenous DNA sequences and
exogenous DNA introduced into them, has been exploited in order to
inactivate genes.
rare

com pared

Homologous recombination in mammalian cells is
with

non-homologous

recombination,

but

possible to select or enrich for the former (see Chapter 1 ).
Leishm ania

m ajor

and

S a c c h a ro m y c e s
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c e re v is ia e

it

is
In

however.

homologous recombination predominates (Cruz and Beverly, 1990;
Rothstein,

1983).

rela tiv e ly

low

The reasons for this are
frequency

of

homologous

not clear.

The

recom bination

in

mammalian cells does not appear to be due to the large genome size
diluting

the

dihydrofolate

unique

target

sequences:

gene

targeting

reductase gene in a mammalian cell

of

the

line with 800

copies of the gene is no more efficient than in a similar cell line
which contains only two copies (Zheng and Wilson, 1990).

Homologous

recombination

as a tool

in

molecular

Homologous recombination has also been exploited in E.

biology.

C o //to

manipulate DNA sequences and also to select specific cosmid clones.
O ’Conner et a/., (1989) have utilised homologous and site specific
recombination

to

generate

a

large

(125

kb)

gene

construct,

propagated in an F-factor based plasmid, from smaller segments
cloned into a shuttle vector.

In order to select specific cosmid

clones from a library during 'chromosome walking" Poustka at al.
(1984) have used homologous recombination in E. Coll between the
plasmid containing the sequence of interest and cosmids from the
library.

An adaptation of this method was used to generate a PiZ

construct.
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2.2 MATERIALS.

2.2.1

Standard

(Unless

media and

otherwise

buffers.

stated

solutions

w ere

sterilised

by

autoclaving at 15 psi, 121°C for 2 0 mins.)

SSC (IX ):

150 mM NaCI, 15 mM sodium citrate, pH 7

TAE (IX ):

40 mM Tris, 20 mM sodium acetate, EDTA, pH 7

TBE (5X):

0.5 M boric acid, 0.5 M Tris, 10mM EDTA, pH 7

TE (IX ): 10 mM Tris, 1 mM EDTA, pH 8
TNE (IX ): 10 mM Tris, 1 mM EDTA, 0.1 M NaCI, pH 8

DNA gel loading buffer (10X):
0.25%

bromophenol

blue,

0.25%

xylene

cyanol,

30%

glycerol

LB Medium (per 100 ml):
Bacto-tryptone

1.0 g

Bacto-yeast extract

0.5 g

NaCI

1.0

Glucose

1.0 g

g

LB Agar:
As above, but with 1.5 g Bacto-agar.

LM medium:
Identical

to

LB

medium,

substituted for glucose.
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except

that

m altose

is

X-gal

(5-bromo-4-chloro-3-indolyl

p -D -g alacto p yran o sid e);

The working concentration was 0.01% w/v.

A n tib io tics:

Kanamycin sulphate was prepared at a concentration of
15 mg/ml in dHaO and sterilised by filtration (0 . 2 2 pm
pore size).

The working concentration was 15 mg/ml.

Ampicillin was prepared at 50 mg/ml as above.

The

working concentration was 50 mg/ml.

Phage storage medium (per 100 ml):

NaCI 0.58 g
MgS 0 4 0 .2 0 g
1M TrisHCI (pH 7.5) 0.5 ml
Gelatin (2 % w/v in H 2 O) 50 ml
Phenol:
The phenol was saturated with TE.
added

to

solid

phase

phenol

1 M Tris (pH 7.5) was
which

was

stirred

to

dissolve.

The solution was left to settle into 2 phases

at 37°G.

The top (Tris phase was discarded and replaced

with several changes of TE (pH 8 ) until the phenol was
pH 8 . 0.1% hydroxyquinoline was then added.
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Chloroform:
This was a 24:1 (v/v) mixture of chloroform and isoamyl
alcohol.

Phenol/Chloroform :
This was a 1:1 mixture of phenol and chloroform (each
prepared as above).

2.2.2

Vectors

and

Bacterial

Strains.

The pCos2EMBL cosmid carries a kanamycin resistance gene
and is described by Poustka et a i (1984).

The plasmid pUC9 carries an ampicillin resistance gene.

The bacterial strain used for each step was E. Coli k12 rec A DH 1 .

2.2.3

Autoradiography.

The X-ray film generally used was Kodak X-omat AR.
sequencing

gels,

Amersham

instead.
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Hyperfilm

For

p max was used

2.3 METHODS.

2.3.1

Quantitation

of DMA.

The O.D.260 and O.D.280 was measured using a spectrophotometer.
The ratio 260/280 was calculated to provide an
purity of the DNA.
relatively

pure

estimate of the

If the ratio was approximately 1.8 (indicating a

DNA preparation)

the concentration

of DNA was

calculated from the reading at 260 nm (Sambrook et a i, 1989).

2.3.2 Double stranded DNA (dsDNA) sequencing.

The

sequencing

reaction was carried

out using the

commercial

"sequenase" kit according to the protocol reccommended
manufacturer (USB).

by the

The method employed involves a modified

version of the Sanger chain-termination sequencing reactions, using
dsDNA

as

a

template

and

a

modified

bacteriophage

T7

DNA

polymerase known as "sequenase".

The

plasmid

dsDNA

template was

primed

for the

sequencing

reactions by annealing it to the Universal primer whose sequence
(5'-GTAAAACGACGGCCAGT- S') is complementary to a sequence S' to
the plasmid polylinker.

The annealing was achieved by boiling the

DNA for 5 minutes in an eppendorf containing the following mixture:
2 pi

(Ip

mol) Universal primer

5 pi (5 pg) Plasmid DNA
2 pi
1 pi

10 pi

"Sequenase" reaction buffer
ddHaO
TOTAL
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After

boiling, the

eppendorf was

plunged

immediately

onto

ice.

This prevented the plasmid DNA strands from reannealing whilst
allowing the primer to anneal.

Once the DNA had been primed, the

sequencing reactions were carried out.

An

inital

using

labelling reaction elongated
limited concentrations

radioactively labelled dATP.

the

of dG TP,

DNA from
d lT P ,

the primer,

and

dCTP and

The labelling mix (7.5 mM dGTP, 7.5

mM dCTP, 7.5 mM dTTP) was diluted 5-fold with ddH 2 0 , and the
enzyme diluted 1:8 with ice-cold TE.

The following were then

added to the 10 pi annealing reaction;
D T T (O .IM )

1.0 pi

diluted labelling mix

2 .0 pi

[a35S]dATP

0.5 pi

(lOmci/ml, lOOOCi/mMol)

diluted "sequenase"
This reaction was incubated at roomtemperature

2 .0 pi

for3-10

minutes

before being divided between 4 eppendorfs.

In the second step, the concentrations of each dNTP was increased
and a specific ddNTP was added, one for each of the four nucleotides
sequenced.

2.5 pi of each nucleotide termination mix (80 mM dGTP,

80 mM dATP, 80 mM dCTP, 80 mM dTTP, 50 mM NaCI and 8 mM of the
appropriate ddNTP) were added to 4 eppendorf tubes and prewarmed
for at

least 2

transferred to

minutes at 37°C. 3.5 pi of labelling
each tube and this returned to the

for a further 3-10 minutes.
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reaction was

37°C water bath

The

reactions were terminated by the

addition

of 4 ^1 of stop

solution (95% formamide, 20 mM EDTA, 0.005% Bromophenol Blue,
0.05% Xylene Cynol).

The samples were placed in a boiling water

bath for 2-5 minutes before 2 ^il of each were immediately loaded
onto a denaturing (8 M urea), 6 % polyacrylamide gel (0.4 mm thick).

A "BioRad" sequencing apparatus was used to pour and run the
polyacrylamide gel using a buffer gradient system of 2.5 to 0.5 X
TBE (Biggin et al., 1983).

The gels were pre-electrophoresed at 30

W to warm the system to approximately 45°C before the samples
were loaded.

Samples were run at approximately 40 W to maintain

the temperature.

The gel was soaked in 10% acetic acid, 12%

methanol for 15 minutes to remove the urea, before it was dried at
80°C onto Whatmann 3MM paper and autoradiographed overnight.

The 402 bp insert was sequenced in 3 stages.

The length of time

for the sequencing reactions and for running the gels, was varied
between each stage to optimize the reading of sequence within the
first 200, 300 and 450 bp respectively from the primer. In order to
read sequence within the first 2 0 0 bp of the primer, the elongation
and termination reactions were carried out for 3 minutes each and
the gel was run for 2 hours.

In order to read within 300 bp, the

reactions were carried out for 5 minutes each and the gel run for 5
hours, whilst for 450 bp the times were 10 minutes per reaction
with a gel run of 8 hours.
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2.3.3

Preparation

of

Competent

Cells.

The E. Coli strain DH1 was rendered competent for transformation
with plasmid DNA using a simple protocol.

A single colony was

picked into 10 ml of LB contained in a 25 ml flask and grown
overnight.

Cells were harvested by by spinning for 5 minutes at

3000 rpm at 4°G.
10

mM

The cells were then gently resuspended in 5 ml of

MgCl2 and 100 \i\ aliquots of this suspension were used

immediately

for transformations.

Cells

prepared

in this

way

routinely gave transformation efficiencies of 1 0 ® transformants per
\LQ of supercoiled plasmid.

DH1 cells were prepared for transfection using the same method as
above, except that the cells were grown in LM medium rather than
LB medium.

2.3.4

Transformation

of

Competent

Cells

with

plasmid.

1 \i\ (500 ng) of plasmid DNA was added to 99 \i\ of cells which were
then kept on ice for 30 minutes followed by a 2 minute incubation at
37°C.

The cells were then plated with various dilutions in LB (1 pi

cells + 99 pi LB; 10 pi cells + 90 pi LB; 89 pi cells + 11 pi LB) onto
Agar plates containing the appropriate antibiotic(s).

50 pi of cells

only (without DNA) plated on plates with and without antibiotics
provided a control for antibiotic resistance centered by the plasmid.
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2.3.5 Transfection

of Competent

Cells with

Packaged

Cosm id.

1 pi of packaged cosmid was added to 1 0 0

p,! of competent cells

which were then left at room temperature for 10 minutes.

This

was followed by the addition of 1 ml of LM, when the cells were
incubated with shaking at 37°C for 30 minutes.

The cells were then

pelleted and resuspended in 100 pi of LM, after which they were
plated as above (but on LM agar plates).

The titre of infectivity

was then calculated.

An amount of packaged cosmid, as determined by the titre, was
added to 100 pi of competent cells.
was then followed,

The same procedure as above

but instead of pelleting the cells they were

added to 400 pi of LM containing the appropriate antibiotic(s).

2.3.6 Large Scale Cosmid

DNA Preparations.

400

the

ml

of

LB,

containing

appropriate

antibiotic(s),

was

innoculated with a single bacterial colony taken from an agar plate.
This was incubated, with shaking, overnight at 37°G.

The cells were

then pelleted by centifugation at 6000 rpm for 15 minutes at 4°C.
The cells were resuspended in 8 ml of Solution I (50 mM glucose, 25
mM TrisHGI[pH 8 ], 10 mM EDTA) and 200 pi of lysozyme solution (10
mg/ml) was added.

After 10 minutes on ice, 24 ml of Solution II

(0.2 M NaOH, 1% SDS) was added slowly and gently mixed.

After a

further 5-10 minutes on ice, 18 ml of Solution III (3 M NaAc pH 4.8)
was added slowly and gently, but increasing to vigorously, mixed.
The mixture was allowed to stand on ice for 1 hr and was then
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centrifuged

for

1 hr at 20,000

rpm

at 4°C .

The

DNA was

precipitated from the supernatant with 0 . 6 volumes of isopropanol
for 10 minutes on ice.
minutes,

the

pelleted

After centrufigation at 8000 rpm for 10
nucleic

temperature for 30 minutes.

acids

were

air

dried

This is not easily done and care has

to be taken that this step is carried out properly.
then

centrifuged

temperature

and

the

for

room

The pellets were then resuspended in

4 ml of 2 M Ammonium acetate.

was

at

minutes

10

at

supernatant decanted.

The suspension

1 0 ,0 0 0

rpm

at

room

After adding

0.6

volumes of isopropanol to the supernatent it was allowed to stand
on ice for 10 minutes.
as above

The precipitated nucleic acids were pelleted

and the pellet dried

in the same way,

dissolved in 900 jil of distilled H 2 O.

before

being

Then 1 0 0 ^il of 3 M sodium

acetate and 10 ^il of RNase solution (1 0 mg/ml) were added and the
mixture incubated at 37°C for 10 minutes.

This was followed by

successive extractions with equal volumes of the following organic
solvents: phenol, phenol/chloroform, chloroform and ether.

In each

case the organic solvent was added, the mixture vortexed, briefly
centrifuged and the aqueous layer removed to a new tube where the
next solvent was added and the procedure repeated.

After removing

the aqueous phase from the last organic solvent step, two volumes
of ethanol was added to it and the precipitating DNA spooled out of
the solution with a glass rod.

The spool of DNA was then washed in

several changes of 70% ethanol and air dried at room temperature
for 10 minutes before being dissolved in 1 ml of TE.
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2.3.7 Small Scale Cosmid

100

ml cultures were

DNA Preparation.

innoculated with single bacterial colonies.

The method for isolation of cosmid DNA is the same as above, but
the volumes of all the solutions added were scaled down by half and
the precipitating DNA was centrifuged to pellet rather than spooled
out.

2.3.8 Packaging of Cosmid DNA.

The in vitro packaging of cosmid DNA was carried out using a
commercial kit (Gigapack) according to the protocol recommended
by the manufacturer (Stratagene).

2.3.9

Restriction

Endonuciease

Digests.

Restriction endonuclease digestion of either cosmid or plasmid DNA
was carried out according to the suppliers recommendations using
buffers supplied with the enzymes.

Usually the digests were

carried out in a reaction volume of 120 pi for 2-3 hours using about
10 pg of DNA with 4-5 units of enzyme per pg of DNA.

2.3.10

Agarose

gei

electrophoresis

DNA was separated on 0.8-1.0% agarose gels prepared and run in
either 1 X TBE or 1 X TAE buffer using a flatbed apparatus.

The DNA

samples were loaded into wells with the addition of 0.1 vol. of 10 X
loading buffer.

Electrophoresis was generally performed at 10

V/cm for 2-3 hours.
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2.3.11

Dry

This method

Southern

Blotting.

is only suitable for transferring

DNA which ispresent

in the gel at a high concentration.

The agarose gel was rocked gently for 10 minutes in a solution of
0.25 M HCI.

It was then washed 3-4 times in distilled H 2 O and then

rocked gently for 2 X 15 minutes in 1 M Mal, 0.5 M NaOH, washed
again with dH^O and rocked gently for 2 X 10 minutes in 1M NH 4 AC.
The gel was
constructed.

then finally washed 3-4 times in
This consisted

of a

piece of

dHaO and

the blot

nylon (Hybond

N)

membrane, cut to size, being placed on top of the gel and overlayed
with filter paper (Whatman 3MM) to a depth of 0.5 cm.
this was placed a plate of glass and then a 0.5 kg weight.
was left for 3 hrs or overnight.

On top of
The blot

The filter was then rinsed with 2 X

SSC and air dried at room temperature.

The DNA was covalently

fixed to the membrane by exposing the filter, DNA side down, to a
U.V. transilluminator (wavelength 360 nm) for 5 minutes.
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2.3.12

Kinase

reaction.

10 X Kinase Buffer (for 3ml):

2 M TrisHCI (pH 7.6)

750 pi

1 M MgCl2

300 pi

1 M DTT

150 pi

100 mM Spermadine

30 jii

500 mM EDTA

6 pi

ddHaO

1.764 ml

1 pmole of oligo (typically in a volume of 5 pi) and 2 pi of gamma
labelled 32p ATP were placed in an eppendorf and then lyophilised in
a gyrovap.

Meanwhile 1 pi of 10 X kinase buffer, 1 pi of T4

polynucleotide kinase and 8 pi ddH 2 0 were mixed together.
dried

oligo

solution.

and

labelled

ATP

was

resuspended

The

in 5 pi of this

It was then incubated at 37°C for 30 minutes after which

10 pi of ddH 2 0 and 2 pi of DNA loading buffer was added.

A Sephadex G-50 column was prepared using a 6 " piece cut from a
plastic 5 ml pipette.

Siliconised glass wool was used to plug one

end and the pipette filled with glass beads (G-50 in TNE and 0.1%
SDS).

The column was then clamped over an eppendorf.

Care was

taken to prevent the column from drying out.

The reaction mixture was applied to the top of the column and
washed through with 1 ml of ddH 2 0 .

A Geiger counter was used to

monitor the progress of the radiolabelled oligo through the column.
The run-off was collected in eppendorfs.
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Three drops of run-off

were collected before the eppendorf was changed.
successive aliquots were collected.

In total, 8

The Gieger counter was then

used to ascertain the level of radioactivity in each tube and those
tubes which contained the peak of activity were retained and their
contents pooled.

The specific activity of the labelled

DNA was

determined using a scintillation counter.

2.3.13

Oligo

Hybridisation.

Denhardt's solution (50 X):
Ficol

5 g

polyvinylpyrrolidone

5 g

BSA (Pentax fraction V)

5 g

dHaO
Pre-hybridisation

to 500 ml

solution:
6 X

SSC, 10 X Denhardt's solution, 0.2% SDS

The blotted nylon filter was rolled and placed inside a 50 ml Falcon
tube

containing

30

ml

of

pre-hybridisation

solution.

After

incubation for 1 hr at 65°C in a rotating oven, the solution was
discarded and the hybridisation solution (1

ml 20 X SSC, 1.3 ml

dd H aO and 700 pi of radio-labelled oligo probe) was added.

This

was incubated on a roller for 1 hr in a 37°C oven and then the
hybridisation

solution

was discarded

and the filter was washed

with 6 X SSC at room temperature for 15 minutes.
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The filter was then auto radiographed (film was exposed for 1 hr at
room

temperature)

and

the

filter

then

washed

in

successively

stringent washes (i.e. increasing temperature) in 6 X SSC.
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2.4 GENERAL STRATEGY.

The strategy that was used to produce the PiZ construct was one of
in vivo homologous recombination.
on the work of Cesareni et al.
is outlined in figure 2.1.

The protocol was partially based

(1985) and Poustka et al. (1984) and

The gene to be modified was cloned in a

cosmid vector, pCos2EMBL, which carries a kanamycin resistance
gene, whilst the exon containing the mutation to be transferred was
cloned

into

the

resistance gene.

plasmid

pUC9,

which

carries

an

ampicillin

The vectors have a number of features which are

essential for this technique.

First, they do not share any sequence

homology, so that the only homology is within the test gene, and
secondly

they

carry

resistance

genes to

different antibiotics.

Furthermore, the plasmid carries a lac operator sequence which
serves to confer a phenotype to any colony harbouring a recombinant.
This is because the lac repressor
sequence, thus lifting

binds avidly to the

the repression of the

The high p-galactosidase

activity

which

lac operator

bacterial lac operon.

results

can

be

easily

detected by the blue colouration of the colony on X-gal plates.

In

the

plasmid

homologous
functions

as

recombination
the

functions as the acceptor.

experiment,

the

recombinant

donor, whilst the recombinant

cosmid

The bacterial cells were transformed

first with the donor plasmid and the transformed cells transfected
with the packaged acceptor cosmid.

After culturing overnight, the

cells were harvested and the acceptor cosmid DNA extracted and
packaged.

After a second round of infection, the cells were plated

on kan-amp-Xgal plates to select and identify the products of single
homologous

recombination

events

(which
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yielded

blue colonies).

These were acceptor cosmids containing the donor plasmid which
had integrated via intergenic homologous recombination.

These

blue colonies were cultured and then the DNA was extracted and
packaged.

In the third round of infection, the cells were plated on

kan-Xgal plates.

Colonies harbouring the acceptor cosmid without

the plasmid sequences were white because the bacterial lac operon
was

repressed.

intragenic

There

homologous

were

two

recombination

possible
excision

products
event:

of

this

A)

the

restoration of the original cosmid wild-type construct and B) the
formation of a new cosmid construct carrying the desired mutation.
A and B could be easily distinguished by colony hybridization with
radiolabelled specific oligonucleotide probes.
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E c o ll
packaged
pCOS RBPCAT/A1AT

Transduced

pUC9Z

y

r

N
1 A* )

(AMP)

STAGE

[ 1]
Cosmid DNA prepared
Cosmid DNA
packaged
(small
proportion
contains
integrated
plasmid)

(AMP + KAN)

[2]

Transduced

Blue colonies
produced - Lac Z
reformed when
integration occurs

(AMP + KAN
+ X GAL)

Integrated
cosmid-plasmid
DNA packaged

Restriction mapped to check
that cosmids contained
integrated plasmid

Transduced
(KAN + X GAL)
White colony

[3]

Restriction mapped
to check for plasmid
excision.

White colony
Blue colony

Oligo probed to
determine presence
of mutation.
(
A+
K+

)

=

selection with am picillin, kanamycin or X gal as
specified
= am picillin resistance
= kanam ycin resistance

Figure 2.1 Scheme for Introducing the Z mutation Into an AAT gene
construct by homologous recombination In E. coli.
The procedure involved three stages. The first involved the introduction of a
plasmid (containing exon V of the AAT gene with the Z mutation) and a cosmid
(containing the AAT gene construct) into the same cell. The second involved
selection for homologous integration of plasmid into cosmid and the third for
excision of the plasmid again by homologous recombination. A proportion of
the cosmid excision products containedthe Z mutation. See text for details.
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2.5 RESULTS.

2.5.1

Recombinant donor plasmid

and

aceptor cosmid.

The donor recombinant plasmid, pUC9Z, was provided by Dr,
Abbott.

C.

It contained 402 bp of exon V of the human AAT gene and

included the Z mutation.

This fragment had been amplified by PCR of

DNA from an individual homozygous for the PiZ mutation (primers
described in Whitehouse et al., 1989a) and cloned into the Sm a I site
of the plasmid by blunt-ended ligation.

In

order

to check

sequenced.

the

fidelity

of the

PCR,

the

fragment was

A double-stranded DNA sequencing protocol was used

which allowed the sequence to be checked with that of the published
sequence of Long et al.

(1984).

The two sequences corresponded.

The acceptor cosmid, named pOOS RBP-CAT/A1AT, was provided by
Dr. M.

Tripodi.

It consisted of 6.1 kb of pGos2EMBL, 17.5 kb of

human AAT gene (P iM I) and 20 kb of the retinol binding protein
(R B P)

gene

with

a

bacterial

CAT

(chloram phenicol

transferase) reporter gene inserted in the first exon (see fig.

acetyl
2 .2 ).

The AAT fragment contained all of the coding sequence, 7 kb of 5'
flanking sequence and 300 bp S' to the gene.

This fragment had been

previously introduced into mice where it was efficiently expressed
in a human tissue specific manner (Ruther et a!., 1987).

In addition

to being used in this experiment, the cosmid was used by Tripodi e t
ai.

(1991) in a study of mutations affecting the promoter region of

the AAT gene where the

reporter gene acted as a control for
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otherwise normal expression of the construct.

The CAT reporter

gene and the mutations in the promoter were also introduced by
homologous recombination in E. Coli. (Tripodi e ta !., 1990).
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m

Sal I

Exon - RBP gene

Exon -AAT gene

Sal I

pCosZEM BL
(6 .1 k b )

Ù)
n>

(O

II III IV

Sal I
Sal I

Sal
IV V

CAT coding
region

Figure 2.2

RBP-CAT

AAT

(2 0 kb)

(1 7 .5 kb)

Diagram of acceptor cosmid pCOS RBP-CAT/A1 AT.
Sal I restriction fragments of the AAT and RBP genes were ligated into
the Sa//site of pCosZEMBL to produce pCOS RBP/A1 AT. The CAT coding
region was then introduced into the first exon of the RBP gene by homologous
recombination to produce pCOS RBP-CAT/Al AT (Tripodi et ai. 1990).

2.5.2

Homologous

C o m p e te n t re c - D H 1

recombination.

c e lls w e re tra n s fo rm e d

w ith

pUG 9Z

and

p la te d

on a g a r p la tes c o n ta in in g am picillin.

A s in g le c o lo n y w a s p ic ke d and

c u ltu re d

c o n ta in in g

o v e rn ig h t

in

10

T h e s e c ells w e re th e n
th e ir c o n c e n tra tio n

The

titre

of

c o lo n ie s .

A

of

1 /1 0 0

LB

th e

sam e

a n tib io tic .

m a d e c o m p e te n t to ta k e up c o sm id

m e a s u re d

in fe c tiv ity

c a lc u la te d .

ml

of

with

th e

a

s p e c tro p h o to m e te r.

pG O S

d ilu tio n

of

D N A an d

R B P -G A T /A 1 A T

1pi

of

c o s m id

c o s m id

re s u lte d

w as

in

100

T h e re fo re , 1 pi of cosm id sh o u ld in fect 1 x 10^ c e lls .

O .D .6 0 0 of c o m p e te n t (p U G 9 Z tra n s fo rm ed ) DH1 cells = 1 .6 .
S in c e

O .D .6 0 0

=

1 = 1 x 10^ c e lls /m l,

th e re

w e re

1 .6

x

lO^DHI

c e lls /m l.

The

id e a l

c o s m id :c e ll

re s u s p e n d e d

DH1

ra tio

fo r

th e re w e re

tra n s fe c tio n

is

1 :1 .

1 .6 x 10^ c e lls .

In

100

T h e re fo re , for e a c h

cell to b e in fe c te d 1 .6 x 10^ + 1 x 10^ = 1 .6 x 10^ pi of p G O S
G A T /A 1 A T

w as

re q u ire d .

o nly 10 pi w a s a d d e d .
c e lls

The

b e in g

m uch

c o s m id

w as

RBP-

not a v a ila b le

T h is c o rre s p o n d s to less th a n

so

1 /1 0 0 of th e

in fe c te d .

tr a n s fe c te d

c o n ta in in g

T h is

p i of

c e lls

k a n a m y c in

w e re
and

c u ltu re d

a m p ic illin

o v e rn ig h t
(in

o rd e r to

for th e p re s e n c e of both cosm id and p la s m id ).

Page 118

in

400

ml

m a in ta in

of

L .B .

s e le c tio n

A

large

scale

DNA

preparation

of

the

cosmid

(including

any

integrated plasmid) and plasmid was made and its concentration and
purity assessed with a spectrophotometer.

The

DNA was also

electrophoresed on an agarose gel to ensure that no RNA was still
present.

It is important to have clean

DNA for the

in vitro

packaging reaction which was carried out with 5 pg of DNA using a
commercial

The

kit.

packaging

reaction

integrated plasmid) DNA.

packaged

only

cosmid

(including

any

This is because only DNA molecules of a

certain size and contained between the 2 cos sites are packaged by
this "head full" mechanism.
packaged.

The

unintegrated

plasmid

is not

The reaction mix was used to infect DH1 cells competent

to take up packaged cosmid.

10/250

pi of the packaged cosmid reaction mixture was used to

infect 100 pi of competent DH1 cells.

1 ml of LM medium was

added and the cells were incubated with shaking at 37°C for 30
minutes, after which time they were resuspended in 100 pi of LM
medium.

The cells were plated, with various dilutions in LM, onto

LB agar plates containing the following antibiotics:

a)

Kanamycin

-

1/100

and

1 /1 0 ,0 0 0

dilutions

infected cells and 100 ml of uninfected competent DH1

of

the
cells

(used as a control) were plated.
Results:
1 X 10% dilution resulted in approx. 5000
colonies.
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1 X 104 dilution resulted in 60 colonies.

No colonies on the control plate.

The optimal

packaging

efficiency of this kit (manufacturers

estimate) is 5 x 1Q9 clones for 1 ^g of packaged DNA.
efficiency of packaging can be calculated from the
above.

The
results

Thus the efficiency in this case is:

(60 X 1

X

104) + 5

X

25 = 3

X

105

b) A m picillin - 1/100 and 1/10,000 dilutions and 100 p.l of
DH1

control cells were plated.

Results:
No colonies

Thus very few cells containing the pUC9Z (either integrated
into the cosmid or as free plasmid).

c)

K a n am y c in

cells
plated.

and

A m p ic illin - 98/100 \i\ of the

were divided into 5 aliquots of approx.

20 pi and

100 pi of DH1 were also plated as a control.

Results:
5-7 colonies on each plate.
No colonies on control

Page 120

infected

The efficiency of integration is given by:
no. of colonies res, to amp and kan
no. of colonies res. to kan
for 100 III:
5x6

=5 X 10-5

6 X 105

d) No antibiotic - DH1

cells were plated.

Results:
The plates were covered in a lawn of cells.

Thus

the

sensitivities

Tw elve

of

the

DH1

cells were

viable

and

only their antibiotic

prevented growth.

colonies

that

w ere

ampicillin

and

kanamycin

resistant, and therefore likely to contain both plasmid and cosmid
DNA, were cultured overnight in 100 ^il of LB containing ampicillin
and kanamycin.

The colonies were also streaked onto agar plates

containing both antibiotics as well as X-gal.

As a control, colonies

carrying the wild type acceptor cosmid, pCOS RBP-CAT/Al AT, were
streaked out onto similar agar plates.

The pOOS RBP-CAT/Al AT colonies were light blue, whereas all 12
kanamycin

and

ampicillin

resistant

clones

produced

dark

blue

colonies suggesting that the plasmid may have integrated into the
cosmid.

Small scale cosmid DNA preparations from the 12 clones

were made and were digested with Eco Rl, Bam HI and both enzymes
together.

The restriction maps of all 12 clones were identical.
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Figure 2.3 shows the Eco RI restriction map of cosmid pCOS RBPCAT/Al AT, whilst figure 2.4 shows the predicted change in one of
the Eco RI restriction fragments of the acceptor cosmid with the
integration of pUC9Z.
Eco Rl.

Figure 2.5 shows the 12 clones digested with

Although integration seemed to have had occurred, it was

not in the predicted place.
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pCOS RBP-CAT/Al AT

4.2

Exon V AAT

6.2

0.6 1.2

E

(Q

RBP-CAT

O

E

E

7.0

3.0

2.4

E

4.8

9.6

3.8

t

E

AAT

ro
OJ

S Sal I
restriction site
E Eco Rl restriction site
pCos2EMBL

Figure 2.3 Eco Rl restriction map of pCOS RBP-CAT /A l AT in kilobases.

pUC9Z
(3.1 kb)
Exon V AAT

pCOS RBP-CAT/Al AT

9.6 kb

*
a

T

7.6 kb

,

^

5.2 kb
pUC9Z

Figure 2.4 Integration of pUC9Z, via
homologous recombination,
into pCOS RBP-CAT/ Al AT
alters the£co Rl restriction
map of the acceptor.
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Kb
21.0
5.1
4.2

2.0
1.9

1.6

1.3

M

1 2 3

4 5 6 7 8 9

10

11 12

C

M

=

M a rk e r (la m b d a D N A d ig e s te d w ith Eco R I and Hin d 111)

C

=

pCOS R B P -C A T /A l A T D N A d ig e s te d w ith Eco R I

1-12

= c o m id D N A fro m p u ta tiv e in te g ra tio n c lo n es d ig e s te d
w ith Eco R I

Figure 2.5 Eco R I restriction digests of cosmid
DNA from 12 putative integration clones.
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Nine more clones were picked and cosmid DNA prepared and analysed
as before.

The structure of two of these clones - 15 and 16 -

corresponded with that of a pCOS RBP-CAT/Al AT cosmid with the
predicted integration (see fig.

2.6).

5 |xg of DNA from one of the clones, 16, was packaged and the
transfected

DH1

cells

were

plated,

with

the

same

dilutions

as

before, onto agar plates containing kanamycin in order to calculate
the packaging efficiency.

This was 1 x 10®.

Un-transduced DH1

was spread onto kanamycin plates as a control.

The remaining

transfected DH1 cells were plated onto agar containing kanamycin
and X-gal as follows: 4 plates with 1 pi of cells, and one each with
5, 10, 20 and 40 pi.

Colonies could only be picked from the plates with 1 pi of cells the others were too dense.

Most colonies were blue as expected,

indicating that the cosmid contained integrated plasmid.

However,

a few (1/200) were white suggesting that these were colonies in
which an excision event had occurred.
were

picked

with

a

toothpick

and

A total of 20 white colonies
spotted

onto

3

containing either kanamycin, ampicillin or no antibiotic.
also used to innoculate 100 pi of LB containing
cultured overnight.

agar

plates

They were

kanamycin and

Small scale cosmid DNA preparations were

from colonies which did not grow on the ampicillin plates (4 out of
the original 20).

These were named 16.2, 16.4, 16.5 and 16.8.

These colonies were then checked again by streaking out onto two
agar plates containing either kanamycin and X-gal or ampicillin and
X-gal.

There was no growth on the ampicillin plates whilst white

colonies grew on the kanamycin plates.
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A colony from clone 16

(which represents the integrated plasmid) was streaked out as a
control for the X-gal.

The colonies were blue.
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Kb
21.0

5.1
4.2

2.0
1.9
1.6
1.3

M

16

M

= Marker (lambda DNA digested with

P

= pUC9 digested with Eco R I

16=
C

Eco R I and Hin d III)

Eco R I digest of cosmid DNA from integration clone 16

= pCOS RBP-CAT/Al AT DNA digested with Eco R I

Figure 2.6

Eco R I restriction digest of cosmid
DNA from integration clone 16

Page 128

More cosmid DNA from clone 16 was packaged and used to transduce
DH1 cells.

This time, however, less DNA was used in the packaging

reaction (1 pg) and only 1 pi of cells spread per plate.

Again, about

1/200 colonies were white and a further 24 colonies were picked.
Of these 12 satisfied the earlier criteria.

These were named E, F, G,

H, J, M, N, O, Q, T, V, and W.

We can therefore estimate the excision frequency as between

1

X

10-3 (1/200 + 20/4) and 2.5

x

10-3 (1/200 + 24/12).

Cosmid DNA from the excision clones (16.2, 16.4, 16.5 and 16.8) and
wild type clone (pOOS R B P-C A T/A l AT) were digested separately
with Eco RI and Bam H I.
clone were

The restriction maps of each excision

identical and corresponded with that of pCOS

CAT/Al AT (see fig. 2.7).
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M a rk e r (la m b d a digested with
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2
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1 I____________ l
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M

34C

1 6 .8
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Figure 2.7

Eco R I and Bam H I restriction
digests ofcosmid DNA from
4 excision clones.
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Cosmid DNA from: excision clones (16.2, 16.4, 16.5 and 16.8); the
wild type clone (pCOS RBP-CAT/Al AT); "intégration" clone 16 and
the plasmid pUC9Z were digested separately with Eco RI and Bam HI
(see fig. 2.7).

The completed restriction digests were divided into 2

aliquots and each electrophoresed on a separate agarose gel.
from

the

two

gels

was

transferred

to

nitocellulose

DNA

filters

by

Southern blotting.

M and Z allele specific 19 bp oligos were obtained from Dr.
Abbott.

The two oligos were

nucleotide.

C.

identical except for the central

The Z oligo was complementary to 19 bp of the PiZ

allele, centered around the Z mutation (an adenosine), whilst the M
oligo was complementary to an analogous sequence in the PiM allele
which has a guanosine in the centre.

M oligo: 5'-TCCCTTTCTCGTCGATGGT-3’
Z oligo: 5'-TCCCTTTCTTGTCGATGGT-3'

The oligos were end labelled with 32p

ATP and then

hybridized

separately to one of the nitrocellulose filters prepared earlier.
filters were then washed in 6 X SSC.

The

The temperatures at which

they were washed depended on the annealing temperatures of each
oligo to specific sequences.
total

annealing

These were estimated by adding up the

tem peratures

for

each

bp

involved

in

hybridisation, allowing 4°C per G/C and 2°C per A/T.

Thus the estimated annealing temperature for:
(i) M oligo hybridising to M sequence:

9 A/ T* 9 x 2
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*18

the

10 G /c = 1 0 x 4

= 40

18 + 40 = 58°C
(ii) M on Z = 54°C
(iii) Z on Z = 56°C
(iv) Z on M = 54°G

The actual temperatures at which the annealings became specific
were slightly lower than the estimated temperatures.
determined empirically.

These were

Both filters were washed for 3 minutes.

The one that had been hybridised to the M oligo was washed at 56°C
and the filter that had been hybridised to the Z oligo was washed at
53.5°G .

The

annealings

were

said to

bespecific when

the

autoradiographs revealed that the Z oligo was hybridising to the
pUG9, but not the pGOS RBP-GAT/A1AT DNA and the M oligo was
hybridising to the pGOS RBP-GAT/A1 AT, but not the pUG9 DNA.

The autoradiographs were analysed for the presence of a cosmid
excision clone containing the Z mutation.

The first four clones

were not the desired excision products (i.e.

did not contain the Z

mutation).

The excision event had not been

intrachrom osom al

homologous

recombination

mediated
involving

by an
the

Z

mutation and thus the muation was not substituted into the cosmid.
Therefore, cosmid DNA from a further 7 clones (E, F, G, H, I, J and K)
were

subjected

to

Eco

RIrestrictiondigestion

Southern blotted (see fig. 2.8).

and the

DNA

Oligo specific hybridisation was

caried out as before and one of the clones - F - was shown to bear
the Z mutation (see fig. 2.9).
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The DNA from clone F was packaged and used to transduce DH1 cells,
which

were

then

spread

onto

ampicillin and X-gal plates.
plates were blue.
plates.

kanamycin

and

X-gal

plates

and

All of the colonies on the kanamycin

However, there were 5 colonies on the ampicillin

Therefore

6 colonies were

picked

from

the

kanamycin

plates, restreaked onto fresh (kan/X-gal, amp/X-gal) plates and used
to innoculate 400ml cultures which were grown overnight.

All 6

clones grew as blue colonies on the kanamycin plates but did not
grow on the ampicillin plates.

Large scale DNA preparations were

then made from the overnight cultures of two of the colonies, F1 and
F2.

The integrity of the region surrounding the Z mutation in the F1
clone

was

(DGGE).

checked

by

denaturing

gradient

gel

electrophoresis

This work was carried out by Dr. P. Johnson.

A 218 bp

fragment of exon V, including the Z mutation was amplified, using
primers described by Johnson et al.

(1991) and subjected to DGGE.

The technique used has been demonstrated to be sensitive enough to
reveal single base differences
The

between

the amplified

results demonstrate that the region of FI

fragments.

containing the Z

mutation is likely to be identical to the analagous region of DNA
from a PiZZ individual (see fig. 2.10).
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H

I

F

J

K

C

M

P

__________________ I
excision clo nes

M

= M a rk e r (la m b d a d ig e s te d w ith Eco R I and Hin d III)

C

= pCOS R B P -C A T /A l A T D N A d ig e s te d w ith Eco R I

P

= p U C 9 Z d ig e s te d w ith Eco R I

Figure 2.8 Eco R I restriction digests of cosmid
DNA from 7 excision clones.
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Figure 2 .9 Autoradiographs of M and Z specific
oligo hybridisations to Eco R I
digested cosmid DNA from 7 excision
clones.
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Ml Ml

ZZ
Ml Ml

ZZ

CF

= DNA from a homozygous PiZZ individual
=

DNA from a homozygous PiM lM l individual

C

= pCOS RBP-CAT/Al AT DNA

CF

= mixture (1:1 ) of pCOS RBP-CAT/Al AT DNA and FI

F

= FI cosmid DNA

Figure 2 .1 0

DGGE of 2 1 8 bp DNA fragm ents
produced by PGR using primers
flanking th e region of the AAT
gene containing the Z mutation
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2.6 DISCUSSION.

In studies of gene expression, it is important to be able to mutate
small regions of cloned DNA in a directed and precise manner.

This

can be accomplished by removing or inserting small segments of
DNA from plasmids by restriction enzyme digestion and ligation, or
by site directed mutagenesis.

These techniques are accomplished

most easily in the context of small fragments of DNA cloned in
plasmids.

For

requirement

site

directed

However,

mutagenesis

it is frequently

this

is

an

necessary to

absolute

reintroduce

these mutated sections into genes cloned into cosmids.

This is

both technically difficult and often imprecise since it relies on the
presence of naturally occurring restriction sites.

The technique of homologous recombination in E.
successful in circumventing these difficulties.

Coli has

been

Using this method,

a full length PiZ gene construct was generated which could then be
introduced into mice.

In addition to substituting a single bp in exon V of the AAT gene, the
technique has been used by Tripodi et al.
constructs.

(1990) to make other

Substitutions of 4 and 5 bp were made in the promoter

region of the AAT gene and a bacterial CAT coding sequence was
inserted into the first exon of the RPB gene.
technique
constructs,

In the future, this

may prove to be a useful general way of generating
either

for

use

in

studying

gene

expression

or

for

modelling disease, by facilitating the accurate alteration of coding
or regulatory sequence and inserting reporter genes.
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The "hit and run" protocol of homologous recombination in ES cells,
developed by Hasty et al.
one described
integration

here.

event

(1991), employs a similar strategy to the
It involves selection

followed

excision (see Chapter 1).

by

selection

Hasty et al.

for

for a chromosomal
intra-

chromosomal

suggested that the frequency

of homologous recombination may vary between genes.

This may

also be true for homologous recombination occurring in E.

Coli .

However, the frequency of desired events (even if rare) should be
easily assayable

in bacterial cells.

This technique

has

been

successfully carried out with different sizes of homology (approx.
200, 400 and 2000 bp) between the recombinant donor and acceptor
sequences (Tripodi et al., 1990).

However, more experiments need

to be carried out to determine whether, for this method, there is an
optimal size for the homology.
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CHAPTER 3

GENERATION OF MICE BEARING THE PiZ CONSTRUCT.

In order to introduce the PiZ construct into mice, it was necessary
to set up a transgenic facility.

This was achieved with Dr.

Edwards (MRC HBGU) and with the initial advice of Dr.

R.

Y.

Lovell-

Badge (MRC NIMR).

3.1 INTRODUCTION.

Three

different

strategies

transgenic mice.

have

been

em ployed

for

making

All of these involve introducing DNA at the pre

implantation stages of development (see fig. 3.1).

(I)

The

infection

recom binant

This

is a

relatively

of

pre-implantation

embryos

with

retroviruses.

easy technique to perform

require any expensive equipment.

which

does

not

To infect embryos, 8-cell stage

morulae are stripped of their zonae pellucida and placed in tissue
culture

dishes

containing

recombinant virus.

fibroblasts

that

are

producing

the

Following infection, the embryos, which have

now developed to the blastocyst stage, are returned to the uterus of
a pseudopregnant surrogate mother.
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A proportion of the embryos

continue to develop

normally and

give

rise to transgenic

pups

The method does, however, have a number of disadvantages.

The

(Jahner et a/., 1985).

gene of interest has to be recloned into a viral vector.

There is a

limit to the size of insert that the vector can accommodate (10 kb)
and the gene may contain regulatory sequences that interfere with
viral

function

and

viability.

The

vector

regulatory elements within its LTRs.

contains

strong

viral

These have been shown to be

inactivated after embryo infection (Stewart at a/., 1987) and thus
may not be used to drive expression of the construct.
integration
provirus

of the

(the

virus

gene

results

in

single

of interest flanked

Although

copy inserts

by viral

LTRs),

of

the

multiple

events can occur in a single cell and in each cell of the embryo.

This

results in a founder animal which is mosaic for a large number of
insertions.

A large number of matings may then be required to

establish pure lines.
sometimes

Furthermore, it has been shown that there are

problems

in

obtaining

any

expression

or

consistent

tissue specific expression of foreign genes cloned into retroviral
vectors that are then introduced into early embryonic cells.

(ii)

Th e

m a n ip u la tio n

Pluripotent
blastocysts.

of

ES cells may be

e m b ryo n ic

derived

stem

(E S )

c e lls .

from the in vitro culture of

Attachment of the blastocyst to a substrate in vitro

disrupts the organisation of the embryo and the inner cell mass
becomes exposed.

This can be disaggregated and cell colonies that

exhibit

stem

a

stable

cell morphology

established as permanent cell cultures
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can

be identified

of pluipotent stem cells

and
(see

Robertson, 1987).

These cells have to be carefully cultured in a

highly supplemented media and on a layer of feeder fibroblasts.
is

relatively

easy

transfection,

to

introduce

microinjection

DNA

(and

into

this

the

can

retroviral infection (see Lovell-Badge, 1987).

cells
be

-

It

either

by

autom ated)

or

The cells may then be

transferred to a host embryo.

They may either be injected into blastocysts or aggregated with
morulas which have been stripped of their zona pellucidas.
manipulated

blastocysts

or morulas

(after the

latter

have

The
been

cultured to the blastocyst stage) may then be transferred to the
uterus of a pseudopregnant surrogate mother (see Bradley, 1987).
The ES cells are able to colonise the host embryo and thus chimaeric
mice are produced.

Since the cells are able to contribute to the

germ line, pure lines may be established.

The main advantage of this method is the ability to select particular
ES cells for transfer.

It is, for example, at present the only means

of introducing DNA into the germline by homologous recombination.
However, the disadvantage of this technique, making it unattractive
for experiments

not involving

homologous

recombination,

is that

whilst all founder animals are mosaic for the transgene, it is often
not possible to breed transgenic offspring from them.

It has been

suggested that this is because the ES cells often fail to colonise the
germline owing to the accumulation of chromosomal abnormalities
during in vitro

culture and selection.
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1 ) DNA transfection,

/ V

microinjection

Fertilised
egg

0.

Morula

Transgenic
mouse

3) Retroviral infection
of 8 cell stage
morulae
Blastocyst

Transgenic mouse

Figure 3.1

Diagram outlining three d ifferent
strategies th a t have been used to
produce transgenic mice.
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(iii)

This

The

microinjection

with

DNA.

is the

transgenic
equipment.

of

fertilised

most popular and successful
mice.

It does

single

cell

embryos

method for producing

require technical

skill

and

expensive

However, the reliability of the technique outweighs its

disadvantages and this was the chosen method.

The procedure that

was used is basically the same as that given in Hogan et al.
An outline of the method is shown in fig.
techniques are described in some detail

3.2.

(1986).

The component

in section 3.2 with an

appendix (section 3.5) listing equipment and specialised suppliers.
The results are given in section 3.3.
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O

CBA

C57BL

O

C5

O

C B A /C 5 7 B L
SUPEROVULATED
3-6 wks

Fertile

old

VASECTGMISED

Pseudopregnant
surrogate

Fertilised eggs

Adult
3-6 mths

Eggs
MICROINJECTED
with DNA
OVIDUCT or UTERINE
TRANSFER of
eggs at 2-cell stage

CULTURED 0/N
P rogeny
Progeny
TESTED
Founder Transgenic

Figure 3.2 Outline of method for producing transgenic
mice by microinjection of fertilised eggs.
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Sterile

3.2 MATERIALS AND METHODS.

3.2.1

The

Preparation

17.5

of DNA.

kb PiZ construct used for microinjection was liberated

from the FI cosmid by digesting 50 |ig of the cosmid DNA with S al I
overnight.

The digested DNA was loaded onto a 0.3% low melting

point (LMP) agarose gel (20 cm x 25 cm) which overlayed a 2%
agarose gel (used for support).

The gel was prepared using TAB and

it was poured in the cold room where it was electrophoresed for 72
hours at 60 V with several changes of TAB buffer.

When the 17.5 kb

band could be easily distinguished from the 22 kb band, the LMP
agarose strip containing the smaller band was cut out of the gel.
The DNA was recovered using agarase, which digests agarose by
cleaving
freeing

the agarose
trapped

subunit to neoagaro-oligossacharides,

nucleic

endonuclease activity.

acids.

The

enzym e

has

very

thus
little

The excised agarose was equilibrated

agarase buffer (10 mM BDTA, 50 mM Tris MCI) for 1 hr.

in

It was then

chopped into small pieces with a scalpel and these pieces melted by
heating to 65°C for 10 minutes in a Falcon tube.

After allowing it

to cool to 40°C p-agarase I (USB) was added (2 units/100 pi of
melted agarose) and the tube was incubated for 4 hours at 40°C.

The resulting solution was extracted with phenol three times and
then extracted with ether twice and the DNA ethanol precipitated.
It was washed three times with 70% ethanol and dried briefly in a
vacuum desicator.
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The DNA pellet was dissolved in a buffer with a low concentration
of EDTA (10 mM Tris-HCL pH 7.4, 0.1 mM EDTA).

Concentrations of

EDTA above 0.3 mM are toxic to eggs (Brinster et al., 1985).

The

DNA solution was centrifuged for 30 minutes in a microcentrifuge in
order to to pellet any contaminating
microinjection pipettes.

particles which

might clog

The concentration and purity of the DNA

was then determined spectrophotometrically.

It was diluted to 1

ng/pl and 20 \i\ aliquots were stored at -20°C
m icroin jection .
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ready for use in

3.2.2 M2 and M16 media for culturing mouse embryos.

Great care was taken in preparing the media.

The components were

measured out accurately and sterility was maintained (the solutions
were made up in a tissue-culture hood).

Wherever possible, plastic

pipettes and containers were used, but where glassware had to be
used, care was taken to ensure it was free of detergent.

All the

glassware was cleaned with 7X detergent and thoroughly rinsed
with ddHaO before it was autoclaved.

All

the

reagents

specifically

sold

that

were

for use

used

w ere

of

in tissue culture.

AnalaR
The

grade

bovine

or

serum

albumin (BSA) was obtained from Sigma ( Fraction V).

a)

Concentrated

component

stocks.

10X A (for 100 ml):

NaCI

5.534

KOI

0 .356

KH2 PO4

0 .162

MgS0 4

0 .293

sodium

lactate

2.160

glucose

1.000

p en ic illin

0.060

streptom ycin

0.050

g
9
9
9
9
9
9
9

The components (except for the sodium lactate) were
into a volumetric flask.

The liquid sodium
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weighed out

lactate was weighed out

into a beaker and added to the
d d H 20.

This wash

flask.

The beaker was rinsed with

was then used to make the solution upto 100 ml.

10X B (for 100 ml):
NaHCOs

2 .0 1 0

g

phenol red

0 .0 1 0

g

100X C (for 10 ml):
sodium pyruvate

0 .0 3 6

CaCl2.2H20

0 .2 5 2

g

100X D (for 10 ml):

The components for stocks B, C and D were weighed out
or 100 ml volumetric flasks and made up with

into 10 ml

ddH 2 0 .

10X E (for 100 ml):
Hepes (not Na salt)

5 .9 5 8

g

phenol red

0.01

g

The components were weighed out into a beaker and
ml of ddH20.

dissolved in 50

The pH was then adjusted to pH 7.4 with 0.2 M NaOH

and the solution transferred to a 100 ml
made upto 100 ml with washings

volumetric flask.

It was

with ddH20 from the beaker. All 5

stocks were filtered through 0.45 pm millipore filter into a sterilin.
They were stored frozen at -20°C.

Working stocks of A, D and E were kept at 4°C for 3 months, whilst
B and C were only kept for 2 weeks.
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b) Preparation of M2 and M16> from concentrated stocks.

S to c k

M2

M16

10XA

10.0 ml

10.0 ml

10XB

1.6 ml

10.0 ml

100XC

1.0 ml

1.0 ml

100XD

1.0 ml

1.0 ml

10X E

BSA

ddH2 0

8.4

ml

4 0 0 mg

4 0 0 mg

to 100.0 ml

to 100.0 ml

The stocks were aliquoted into a volumetric flask.

Care was taken

to rinse the pipettes using ddHaO which was then added to the flask.
After the addition of the BSA (which was mixed into the solution
very gently) the volume was made up to 100 ml with ddH 20.
solutions were then filtered as before and aliquoted.

The

The aliquots

were stored at 4°C and used for up to 4 weeks.

Since some batches of BSA will not sustain egg development, M2 and
M l 6 media prepared using a fresh batch of BSA were tested for their
ability to support egg development to the blactocyst stage.

Page 149

3.2.3

a)

Requirements

Legal

for

animal

husbandry

and

manipulation

reqirements:
Project Licence no. PPL 70/01982 (held by
D.A. Hopkinson)
Personal Licence no. PIL/08466

b)

Animal

facility.

In total around 70 "shoebox" cages were used to house the mice
needed to generate the transgenic animals.

These mice can be divided into a number of groups

depending on

their function:

A) 5 cages containing a C57BL breeding pair were

used to replace

males in cage C).

B) 5 cages containing a CBA breeding pair were

used to replace the

females in cage C)

C) 20 cages containing a breeding pair (with CBA
C57BL males) were used to produce outcrossed mice.

females and
The female FI

offspring were used as egg donors or as surrogate mothers.
male FI

The

offspring were used to replace the mice, as required, in

cages D) and E).
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D) 12 F1 stud males, each caged individually, were
superovulated

FI

recorded on their

females.

The males'

cage cards.

used to mate

mating performance was

Mice which failed to plug on three

successive occasions were discarded.

E) 10 cages each containing a single vasectomised
to 3 F I

females (between 2 and 6

generate pseudopregnant

females.

FI male and up

months old) were used to

The females were checked daily

(before 11 am) to see if they had mated the previous night.

This

was ascertained by searching for a hard white vaginal copulatory
plug.

This could usually be seen just inside the vagina.

Those

females with plugs were removed to the plug bank

(F).

The males' plugging record was maintained as above and any

which were consistently poor were discarded.

F) Cages containing pseudopregnant FI females
plug bank) were used as a
plugged on the

(referred to as the

source of surrogate mothers.

same day were kept together, and if they were not

used in a procedure, returned to a vasectomised
days.

Mice

Females over 6 months old were discarded.
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male after two

c)

L ig h tin g

of

room .

Lighting in the room was controlled because of the requirement for
'tim ed

matings'.

The

timing

of

ovulation,

copulation

and

fertilisation were controlled for two purposes:

i) to provide a supply of fertilised

F2 single cell eggs for

m icroin jection .
ii) to prepare pseudopregnant F1 hybrid females to

act as

surrogate mothers for microinjected eggs.

The mice were maintained on a constant light-dark cycle.

The mice

are in the dark between the hours of 17.00 and 06.00 and in the light
between 06.00 and 17.00.

Females maintained on such a cycle

ovulate every 4 days and ovulate at around midnight.
copulate with the ovulating females at around 00.30.

The males

The eggs were

ready to be harvested at around midday.

d)

L is t

of

s u rg ic a l/d is s e c tio n

m a te ria ls

and

e q u ip m e n t.

See appendix (section 3.5.2).

e)

G e n e ra l

These

were

egg

made

diameter of approx.

tra n s fe r

by

p ip e tte s .

pulling

pasteur

pipettes

300 pM over a microbunsen

assembled into a mouth operated
rubber tube and pipette

to

an

flame.

internal
They were

system made up of a mouthpiece,

holder (from Laser Laboratory Systems).
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f)

Oviduct

These

transfer

pipettes were

pipettes.

prepared

operated holder as above.
internal diameter (approx.

and

assembled

They were, however,
150 pM)

into the

mouth

pulled to a smaller

which is just larger than the

diameter of the egg.

g)

Gonadotrophins.

Follicle stimulating hormone (FSH), trade name Folligon,
chorionic gonadotrophin (hCG), trade name
from Intervet Laboratories
concentration of 50
aliquots

h)

Ltd..

and human

Chorulon, were obtained

Both hormones were made up to a

lU/ml in ddH20.

They were divided into 1ml

and stored at -70°C.

Anaesthetic.

The anaesthetic used was a mixture of Hypnorm and
Drug Co.).

2ml of each solution were

mixture was stored at

Hypnoval (Vet.

added to 12ml of ddHaO.

This

room temperature in the dark and was used

at a dose of 12.5 pl/g of mouse body weight.
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3.2.4

3.2.4.1

Animal

Killing

manip ulations.

mice.

This was carried out by cervical dislocation.

3.2.4.2

Intraperitoneai

injection.

The solution to be injected was loaded into a syringe with the
exclusion of any air bubbles.
(as shown in fig.

The mouse was restrained in one hand

3.3) and the solution was injected, using the other

hand, into the abdomen avoiding the diaphragm and the bladder.
Accidental subcutaneous injection is revealed by leakage of blebs of
fluid through the skin.

If this occured, the mouse was usually

discarded and the process repeated with a new animal.

3.2.4.3

Anaesthetising

mice.

The mouse was weighed and the appropriate dose of anaesthetic
determined.

This was administered by intraperitoneai injection.
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Figure 3.3 Method for restraining mouse in order
to perform intraperitoneai injection.

The mouse was picked up by the scruff of its neck
as close to the ears as possible. Once it was on
its back, its tail was pulled tight with the little
finger and held against the palm of the hand to
prevent the mouse from moving.
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3.2.4.4

Vasectomising

of male

mice.

This operation was performed on young, healthy and sexually mature
C57BL males (2-3 months old).

The mouse was anaesthetised and placed abdomen side up on the lid
of a Petri dish.

At a point level with the top of the hind limbs, a

patch of hair was removed by plucking in tufts.
was then sprayed with 70% ethanol.

The lower abdomen

Using a pair of forceps, the

skin was lifted away from the body wall at the incision point (see
fig.

3.4) and cut with a large pair of dissecting scissors to produce

a transverse incision of about 2cm.

The incision was then stretched

with the outer edges of a pair of scissors to prevent bleeding.
body wall was then cut and stretched as before.

The

On each side of the

mouse there is a fat pad which is attached to a testis, epididymis
and vas deferens.
deferens

identified

This was pulled out of one side and the vas
(see

membranes, it was held in

fig.

3.5a).

After

freeing it

a loop with a pair of forceps.

from

Another

pair of forceps (reserved for just this purpose) was heated in an
alcohol burner flame until

red

hot.

The vas deferens loop was

gripped with the tips of the

red

hot forceps so that the vasdeferens

was burnt away, cauterising the ends (see fig.

3.5b).

The two

cauterised ends were separated and the organs carefully returned to
the inside of the body using a blunt pair of forceps.

This procedure

was repeated with the vas deferens on the other side of the body.
The incisions in the body wall and the skin were repaired using 3-4
stitches and the animal was placed on a 37°C heated plate until it
showed signs of movement.

It was then caged individually.
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Incision

Figure 3.4 Position of incision for vasectomy.
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V a s d e fe ren s

F a t pad

(contained within
Testis

m e m b ra n e with
prom inent blood
vessel)

Epididym us
(tightly coiled
w hite tube)

(A)

Vas deferens was held in
a loop with a pair of blunt
forceps.

The loop was gripped
with a pair of forceps m ade red-hot
in a flame.
The loop was removed

r

(à
J) (L
The cauterised ends of the vas
deferens do not rejoin.

(B)

Figure 3.5 Detail of vasectomy
A) Identification of vas deferens.
B) Method for cauterising.
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A few weeks after the operation, the mouse was

mated.

If a

copulatory plug was found in the female within 5 days, but without
resulting

in pregnancy, the vasectomised

generation of pseudopregnant females.

male was used in the
Otherwise the male was

discarded.

3.2.4.5

Generating

a supply

of fertilised

eggs.

In order to generate enough eggs for one day of microinjection, 6
female mice aged between 4-6 weeks were superovulated.

This was

achieved by the intraperitoneai administration of gonadotrophins.

F1 hybrid females were injected with 5 lU of FSH (i.e 100 pi of
stock solution) at 12.00 hours.
later with 5 lU hCG (i.e.

The mice were injected 46-48 hours

100 pi of stock solution).

placed in a separate cage with a stud male.
successful
plugs.

3.2.4.6

matings

were

identified

by

Each female was

The following morning,

searching

for copulatory

Usually between 4 and 6 of the mice were plugged.

Collection

of

fertilised

single

ceil

eggs.

Ten minutes before collecting the eggs, 5 ml of M2 medium was
warmed to room temperature.

The donor superovulated female was

killed (by cervical dislocation) at around 12.00 hours when the eggs
were ready for collection.

The cadaver was placed on its back.

After soaking its abdomen with 70% alcohol it was skinned and the
body wall was cut away to reveal the reproductive tracts.

One of

the uterine horns was gripped with a pair of fine forceps and pulled
away from the rest of the animal.

The mesometrium (the membrane
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that joins the reproductive tract to the body wall) was punctured
with a pair of fine scissors and trimmed away from the oviduct.
The

oviduct was

then

dissected

out,

cutting

first

between

oviduct and ovary and then between oviduct and uterus (see fig.
Care was taken not to damage the oviduct.

the
3.6).

It was handled with a

pair of fine forceps and placed in a dish of prewarmed M2 medium.
The other oviduct was dissected out and the process repeated with
all of the mice.

The oviducts were placed in the same dish of M2

medium.

The oviducts were viewed under 20X magnification using a stereo
dissecting
cumulus

microscope.

The

swollen

am pullae

mass, the fertilised eggs surrounded

were identified (see fig.

3.6 ).

containing

the

by cumulus cells,

The ampullae were torn using two

pairs of sharp forceps allowing the cumulus masses to fall out.
Sometimes

it was

necessary to tease them

out.

The

emptied

oviducts were removed from the dish and the cumulus masses were
mixed round the dish for about 5 minutes with a few flakes of
hyaluronidase.

When the eggs had been released from the cumulus cells, they were
rinsed in three changes of M2 to remove traces of the enzyme.

This

was achieved by successive transfers by pipette, of the eggs to a
dishes containing fresh M2.

The eggs were then ready for transfer

to the microinjection chamber.
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F a t pad
Ovary | yellow)
Oviduct (w hite) \

(2) Uterus
was pulled
back at the
same time.

(1) Mesometrium was torn close
to oviduct with tip of closed
forceps.

-M e jo m e triu m or membrane
carrying prom inent
blood vessel

Ovary
Cut'.. 4

A cut was made between
the ovary and oviduct. The
forceps were repositioned
holding the oviduct and a
second cut was made
between oviduct and
uterus.

- 1 2 hrs after
o v u la tio n

Infundibulum

Fat m ay be attached
C u t end o f uterus

Eggs w ith
Cumulus cells

Swollen ampulla
w ith ridges in epithelium

Coils of
oviduct

(4) The eggs were released by tearing the
ampulla with fine forceps.

Figure 3.6 Collection of eggs from
the oviduct.
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3.2.4.7

Oviduct

transfer.

The first step involved preparing the eggs for transfer.
general

egg

transfer

pipette,

sequentially

smaller drops

Using a
of

M2

medium were made in a line along the base of a 35 mm tissue
culture dish.

The drops then were covered with paraffin oil.

The

transfer pipette was used to transfer microinjected embryos, which
had survived overnight culture in M16 medium and had developed to
the 2-cell stage, to the largest drop of M2 medium in the 35 mm
dish.

The eggs were then transferred down the line of M2 drops to

the smallest one.

This was done to enable the eggs to be taken up in

a smaller volume of medium each time they were transferred. Thus,
when

they were taken

up into the oviduct transfer pipette and

expelled into the oviduct they would be introduced into the organ
with the minimum amount of medium.

A 0.5 day p.c. pseudopregnant CBA/C57BL F1 mouse (between 2-6
months old) was anaesthetised.

It was placed abdomen side down on

the lid of a 9 cm Petri dish and the hair plucked in tufts from the
area of incision (see fig.

3.7).

A 1.5 cm cut was made through the

skin with a large pair of scissors.
prevent bleeding.

The incision was stretched to

The orange coloured ovary fat pad on the LHS of

the mouse was located beneath the body wall.

A 0.5-0.75 cm cut

was made through the body wall, above this fat pad, with a pair of
fine, sharp scissors and the incision stretched.

The fat pad was

pulled out with a pair of blunt forceps, bringing with it the ovary,
oviduct and uterus (see fig.

3.8).

An artery clip was then attached

to the fat pad taking care not to touch the ovary.
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The reproductive

tract was held in position over the back of the animal by the clip so
that the coils of the oviduct were uppermost.
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Inscision

Figure 3.7 Position of incision for oviduct
and uterine transfers.
A longitudinal incision (about 1.5cm)
was made in the midline at the level
of the last rib.
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Artery clip

Bursa

F a t pad

Blood vessels
Infundibulum
(usually hiden within coils
O viduct

of oviduct)

U terus

Incision

HEAD

T A IL

Figure 3.8 Detail of oviduct transfer.
The oviduct is surrounded by a thin transparent membrane
(the bursa) which contains small blood vessels. A small
tear was made in the bursa (avoiding blood vessels), the
end of the oviduct (infundibulum) was located , and
whilst gripping the edge, the tip of the transfer pipette
was inserted.
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The mouse was then transported on the lid of the Petri dish to the
stage of a stereo dissecting
optic

light source

magnification.

microscope illuminated with a fibre

and the oviduct was

viewed

through

10-20X

The opening of the oviduct, the infundibulum, was

located in a cavity below the ovary and behind the coils of the
oviduct.

The oviduct coils were gently moved to reveal the cavity.

Sometimes the infundibulum could be seen behind the bursa, the
transparent membrane that covers the ovary, oviduct and cavity (see
fig. 3.8).

A little M2

medium was taken

into the oviduct transfer pipette

followed by a liitle air and this repeated to create 3 small air
bubbles.

Between 15 and 20 eggs were then taken up in as small a

volume of medium as possible and the pipette placed to one side
ready for use (see fig. 3.9).

An area of the bursa that was free of capillaries (preferably above
the infundibulum) was identified and the membrane was torn at this
point using the watchmakers forceps.

A soft paper tissue was used

to mop up any body fluids or blood from the area around the oviduct.
The tip of the oviduct transfer pipette was then inserted into the
hole in the bursa and nudged into the infundibulum.
difficult and usually took several minutes.

This was quite

The contents of the

pipette were expelled and the appearance of bubbles in the ampulla
was seen.

If all three bubbles were seen one was fairly confident of

successful deposition of eggs in the ampulla.
withdrawn, and

The pipette was

having removed the artery clip, the reproductive

tract was nudged very gently back inside the body wall using blunt
forceps.

Great care was taken not to disturb the ovary.
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The

incisions in the body wall and skin were stitched as before and the
mouse was placed on a 37°C heated plate whilst it recovered.

Page 167

2-3 cm
120-180 urn
(internal diameter)

M2

Air bubbles

Eggs

Figure 3.9 Oviduct transfer pipette
Three air bubbles were introduced into the transfer
pipette. The oviduct was monitored for the
presence of these bubbles during the course of the
operation. Movement of the bubbles round the coils
of the oviduct indicated the successful transfer of
embryos.
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3.2.4.8

Uterine

transfer.

This was quite similar to the oviduct transfer,
transfer

of 3.5

day

old

extended

blastocysts

but involved the
(which

had

been

cultured in M16) to the uterus of a 2.5 day p.c. psuedopregnant
fem ale.

The

embryos

w ere

prepared

for

transfer,

and

the

reproductive tract on the LHS of the mouse exposed and held in
position in the same way as before.

The only difference was that

the uterus was pulled out further to expose more of the horn.

The tip of a 0.1 x 16 mm needle was dipped in Pontamine blue so
that a little of the dye was taken up by capillary action.

The uterus

was held very gently with a pair of forceps and punctured in the
midline just below the oviduct (see fig.
fairly tough and difficult to penetrate.
lumen,

the

penetration.

needle

slides

along

3.10).

The uterine wall is

However, once inside the

easily,

indicating

successful

When the needle was withdrawn, the position of the

hole was indicated by a spot of blue dye.

The oviduct transfer

pipette holding the embryos was then inserted into the hole along
the same axis as the lumen.

The embryos were then expelled and the

operation was finished in the same manner as the oviduct transfer.

Page 169

0.1 X 16 mm
needle dipped
in Pontamine
Blue
Ovary and fat pad

Oviduct

Blood vessels

Uterus

Figure 3.10 Diagram showing technique of
uterine transfer.
A needle was used to make a hole all the way into
the lumen of the uterus. After the needle was
removed, the transfer pipette was inserted into
the hole and the blastocysts injected. The
position of the hole was marked by dye from the
needle.
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3.2.4.9

Caesarian

section

and

fostering.

First, a suitable foster mother was
one

belonging

to a strain with

prepared. The

good

parental

ideal mouse
behaviour,

is

is an

experienced mother and has a litter which will have a different coat
colour to the pups that are going to be fostered.

It should also have

given birth on the same day as the operation so that both sets of
pups are at an equivalent stage of development.

The inbred strain of

mice that was most commonly used was the albino MF1.

The foster mother was

removed from

her litter and

induced to

urinate in the corner of an empty cage which had no sawdust or
bedding.

This was achieved by scruffing the mouse and suspending

it by the scruf and tail.

After it had

urinated, themousewas placed

in a separate cage from its litter.

The surrogate mother was killed and the skin removed from its
lower abdomen.
in utero .

The body wall was then cut away revealing the pups

The uterus was dissected out and the pups were removed

by cutting away the membranes surrounding them and cutting their
umbilical cords.

The pups were then cleaned with paper tissue and

the fluid and mucous wiped away from their mouths and nasal areas.
After this they were rolled gently from side to side on a piece of
tissue paper to stimulate breathing.
the urine of the foster mother.

The pups were then rolled in

The same number of pups were taken

from the foster litter and killed.

The pups to be fostered were

mixed

in the

with

the

remaining

pups

foster

litter.

After

20

minutes, the foster mother was returned to the cage with the litter.
The situation was monitored.

If the foster mother appeared to
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reject the new pups

(ie removing them from the litter) the process

was repeated with a new foster mother.

3.2.5

Microinjection

of

fertiiised

singie

ceii

embryos.

Having (i) checked that enough females were likely to be available
for use as surrogate

mothers and (ii) removed enough fertilised eggs

from superovulated donors, microinjection of

the cells

was begun.

The apparatus used for micromanipulting the eggs is illustrated in
fig. 3.11.

a)

Equipment.

See appendix (section 3.5.3).

b)

Materiais.

See appendix (section 3.5.4).

c)

Preparation

of

general

egg

transfer

pipettes.

See section 3.2.4.

d)

Preparation

of

holding

pipettes.

Holding pipette capillaries were drawn over a microbunsen flame.
This was done by softening the glass by holding it in the flame,
withdrawing it and then pulling on either end of the capillary.

The

capilleries were then folded in the middle so that they snapped.
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Only straight drawn capillaries with external diameter between 80
pm and 150 pm and with perfectly flush ends were retained.

Such

capillaries were mounted vertically in the de Fonbrune microforge.
Using a 4X objective, the tip of the capillary was brought into focus.
The filament of the microforge was then brought close up to, but not
touching, the capillary tip.

The filament was heated and the tip of

the capillary was observed as it melted.

When the internal diameter

of the tip reached 10-15 pm, the heat was turned off.
indicated in fig.

3.12) were then made in the stem of the capillary

by heating in the microbunsen.
melting.

One

A metal rod was used to control the

The holding pipette was then ready for use.

holding

session.

Bends (as

pipette

usually

lasted

for

a

whole

microinjection

They were not reused because they tended to become dirty

and clogged with egg debris.

Large numbers of holding pipetes were

prepared in advance and stored in dust free boxes.
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G lasasyringe

Micrometer

Tubing filled with
/ paraffin oil

50-ml glass
syringe
Tubing

I

nr
Condenser
Airfilled

Micro
manipulator
j

Holding pipette
and instrument
holder

Eyepiece omitted
for clarity

Base plate
Injection needle
and instrument
holder

Objectives

Figure 3.11 Arrangement of microscope and
micro-manipulators for pronuciear
injection of fertiiised eggs.
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Pipette was of
diameter with
appature of

A) Holding pipette

45

Tip usually not patent - it had to be
broken off under the microscope
with the end of the holding pipette
just before use.
^

B) Microinjection needle

Figure 3.12 Diagram showing:
A) The holding pipette
B) The microinjection needle.
Once a suitable end had been fashoned in the glass
capillary (for either holding pipette or microinjection
needle) bends were introduced as shown.
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e)

P rep aratio n

of

m ic ro in jectio n

p ip e tte s .

Microinjection pipettes were pulled by machine.

The appropriate

temperature and mechanical pull settings were worked out by trial
and error.

The ideal pipette has an opening of around 1 pm.

Smaller

openings tended to clog easily, whilst larger openings were liable to
burst the egg.

Bends (as shown in fig. 3.12) were introduced in the

same way as they were for holding pipettes.

Large numbers of

microinjection pipettes were prepared in advance and stored in dust
free boxes.

f)

M icro in je ctio n

of

em bryos.

Firstly the injection chamber was set up (see fig.
injection

chamber

slide

was

cleaned

thoroughly

3.
with

followed by repeated rinsing in tap water, then ddHaO.
(diameter 1 cm) was introduced into

13).

The

detergent

A drop of M2

the middle of the slide using a

pasteur pipette

and a cover slide

with

vacuum grease

was placed on top

so that it restedon the plastic

supports.

M2 droplet usually

attached itself to the coverslip.

The

its corners dabbed with

Light paraffin oil was then introduced by pasteur pipette under the
cover slip so that the droplet was surrounded by oil.
and

100

eggs

(depending

on

how

many

were

Between 60

available)

were

transferred from the M2 medium in the watchglass to the M2 droplet
in the injection chamber using a general egg transfer pipette.
was done under the dissecting microscope.

This

Care was taken to

ensure that no bubbles were introduced (the process was restarted
if this happened).

The eggs were introduced in a group into the

centre of the chamber.
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fertilised eggs

coverslip

M2 culture
medium
glass slide

perspex strip

light paraffin oil

Fig. 3.13 Chamber for microinjecting
fertilised eggs.
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The injection chamber, containing the eggs, was placed under the
microscope and the eggs were brought into focus using the 4X
ob jective.

The holding pipette was then fitted to the microinstrument on the
micromanipulator to the LHS.

After ensuring that the Narishige

syringe had sufficient paraffin oil, some was driven out in order to
expel air.

A holding pipette was then attached.

It was inserted

under the coverslip and examined in relation to the eggs using the
40X objective.

If the internal diameter of the holding pipette seemed appropriate,
the pipette was manipulated in all planes in order to check that
movement was unhindered.

If the pipette did not seem entirely

satisfactory, it was discarded and new ones tried until a suitable
one was found.

The microinjection pipette was loaded by dipping the undrawn end
into the DNA solution.

About 1 pi of the solution was taken up into

the tip by capillary action.
about 5 minutes.
the

This amount was just visible and took

The loaded microinjection pipette was attached to

microinstrument on the

micromanipulator to the

RHS.

The

microinjection pipette was then inserted under the coverslip and
positioned above the eggs opposite the holding pipette.

The end of

the microinjection pipette was not normally patent.

In order to

render it open, the pipette was brushed gently against the side of
the holding pipette until the tip was broken off.
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If a jet of fluid could
squeezing

the

microinjection.
resulting

be

glass

seen

streaming from

syringe,

However,

if too

the

pipette

the

it was

on

used

for

was

much tip had been

in too large an aperture,

pipette

broken off,

replaced with

a new

pipette and the process repeated until an adequate tip was produced.

Microinjection of eggs then took place.
into

focus

using

the

40X

A group of eggs was brought

objective.

Microinjection

was

only

attempted with eggs in which the pronuclei were clearly visible.
The holding pipette was lowered and brought into contact with one
of the eggs.

By applying gentle suction, the egg was sucked onto the

end of the pipette.

The injection needle, which had remained above

the pool of eggs, was brought into focus and then the holding
pipette, with the attached egg, was raised so as to bring it into the
same plane of focus as the microinjection needle.

The egg

was examined for the larger of the two pronuclei

the male) by adjusting the fine focus.

(usually

The egg was manoeuvered so

that the larger pronucleus was in a central position to, but away
from the holding pipette, and opposite the
(see fig.

3.14).

This was

microinjection

needle

achieved by rotating the egg (this was

done by easing and then reapplying the suction so that the egg would
spin),

and

adjusting

the

fine

focusing.

The

overall

position,

however, of the two pipettes and egg was maintained in the centre
of the chamber, above the group of uninjected eggs.

Once

the

egg

and

pipettes

had

been

correctly

positioned

for

injection, extra suction was applied to the egg so that it was held
more tightly.

This sometimes resulted in a greater deformation of
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the zona pellucida, but never in suction of the egg up into the lumen
of the pipette.

The pronucleus to be injected was brought into focus

with the fine focus adjustment.

The tip of the injection pipette was

brought up to the zona pellucida of the egg.

The fine vertical

manipulator control was adjusted to place the tip of the pipette in
the same focal plane as the pronucleus.

The egg was then injected.

The needle was used to pierce the zona pellucida and when it
appeared to be inside the pronucleus the
gently

squeezed.

If the

injection syringe was

nucleus swelled, further pressure was

applied until it had swelled to roughly twice the size and then the
pipette was withdrawn

(see

Fig.

3.14).

If the zona pellucida

swelled instead, indicating that the egg membrane had not been
pierced, the pipette was pushed through to the far side of the
nucleus.

It was then pulled back again until it was back at the near

side and then the DNA was injected.

If nothing at all happened the

pipette was assumed to have blocked.

A small piece was broken off

the end (as before).

If this rendered the tip too wide, the needle

was changed.
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zona pellucida
polar body
nucleolus

M IC R O IN JE C T IO N NEEDLE

H O L D IN G P IP E TTE

pronucleus

nucleoli
_|_

pronucleus

(B

Figure 3.14 Microinjection into the pronucleus.
(A) The microinjection needle is brought into focus
opposite the male pronucleus.
(B) Successful injection of the male pronucleus. The
plasma membrane has been pierced, and the egg returns
to its sperical shape. The tip of the needle is inside
the pronucleus, and DNA expelled from the needle
causes the pronucleus to swell visibly.
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Following injection, if cytoplasmic granules were seen to flow out
into the perivitelline space, indicating cell lysis, these eggs were
placed in a group at the back of the chamber.

If eggs were lysed on

three successive occasions, the needle was changed.

The eggs that

were successfully injected and survived injection were placed in a
group at the front of the chamber.

The eggs were moved by moving

the stage relative to the holding pipette rather than vice versa.

At the end of the injection session, the successfully injected eggs
were transferred in groups of 20, using a general transfer pipette,
to drops of M16 medium.

The drops (approx.

250 \i\) had been made

on the base of a 35 mm tissue culture dish using a Pasteur pipette,
covered in paraffin oil and preincubated for at least 2 hours in a
37°C, 5% CO 2 incubator.
the correct pH.

This was in order to adjust the medium to

A colour change from pink to orange/red indicated

that this had occurred.

The eggs were incubated overnight, and only

those which had reached the 2-cell stage on the following day were
transferred to the oviduct of a 0.5 day p.c.
mother.

peudopregnant surrogate

If there were no appropriate surrogate mothers available,

the eggs were cultured until they were extended blastocysts (3.5
days

old)

and

transferred

to

the

pseudopregnant female.
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uterus

of

a

2.5

day

p.c.

3.2.6

Testing

offspring

DNA

preparation

3.2.6.1

The

for

presence

from

taii

of transgene.

tips.

mice were ear clipped and then placed in a restrainer (as

illustrated in fig.

3.15).

Ethyl chloride was applied as a local

anaesthetic, to the surface of approximately 2 cm of tail nearest
the tip.

About 1 cm of the tail was then cut off using a sharp pair of

scissors.

The whole piece of tail was incubated at 55 °C overnight in 200 |il
of buffer (50 mM Tris HCI 8, 100 mM EDTA, 100 mM NaCI, 1% SDS)
with 5 III of proteinase K (50 mg/ml).

An 80 ^1 aliquot of the digest

was removed to a fresh eppendorf (leaving behind the undigested
hairs and bone) and 50 pi of isopropanol was added.

The DNA was

spooled out of the tube and dissolved in 50 pi of dd H 20.

This

solution was boiled for 15 minutes and 2 pi aliqots were used for
each polymerase chain reaction (PGR).
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L a rg e p la stic c e n trifu g e tu b e w ith slit
c u t fo r ta il
—-------------- — '

T a il

Stand

Figure

3.15

Restrainer

used

Page 184

fo r

taii

bleeding

S.2.6.2 PCR of tail tip DNA.

The

DNA was amplified

in 100

\i\

reactions

using

Cetus

polymerase and a Techne water-cooled thermal cycler.

Taq

Tail DNA

(prepared as described in 3.2.6.1), enzyme buffer provided by the
manufacturer, all 4 dNTPs (at a concentration of 150 pM

each),

oligonucleotide primers (50 pmols each) and water to 100 pi were
added to eppendorf tubes.

The mixture was overlayed with 50 pi of paraffin oil.

The solution

was then heated to 96 °C for 5 minutes to denature the DNA and then
1 unit of Taq polymerase was added to each tube and the PCR
started.

An

aliquot

(10

p i)

of

the

com pleted

reaction

was

electrophoresed on a 2% agarose gel.

a)

Oligonucleotide primers specific for the mouse
carbonic anhydrase Hi gene (flanking intron i):
5' -TGG OTA AGG AGT AGG GGG TAG GGG A- 3’ (Exon I)
5' -TGA GGA TGG TGT TAG GAG AGG GAG G- 3' (Exon II)

b)

Oligonucleotide primers specific for the human
AAT gene (flanking exon III):
5' -GTG GTG ATG GGG AGG TTG GGG TGT G- 3’ (Intron II)
5' -GTG AGG GTG AGG TTG GGG AAT GAG G- 3' (Intron III)

The PGR thermal cycling conditions were the same for both sets of
primers (a and b):
94°G, 20"; 55°G, 30"; 72°G, 30"; 30 cycles.
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3.3 RESULTS.

Each

step

involved

in the

introduction

of DNA

into the

mouse

germline was practiced, before all the steps involved in creating a
transgenic mouse were taken through to conclusion.
involving

anaesthetised

mice

were

practiced

The procedures

first

on

cadavers.

Once all stages of the procedure had been rehearsed and some
confidence

gained

in

the

techniques,

the

program m e

of

microinjection was begun in earnest.

In total around 900 eggs were microinjected.

Once or twice a week,

4 to 6 mice were superovulated and between 80 and 120 eggs
collected.

Of these, usually between 60 and 100 eggs seemed

suitable for microinjection (i.e. they had large prominent pronuclei).
About half the eggs survived microinjection and developed beyond
the single cell stage.

These embryos were implanted in surrogate

mothers either by oviduct or uterine transfer.
transfers were used to implant the embryos.
using

2-cell

embryos.

Between

15-20

In the main, oviduct
These were performed

embryos

were

usually

transferred to the oviduct on the LHS of the surrogate mother.

If

there were more than 20 embryos to be transferred, half them were
transferred to one mouse and the other half to another.

In total 10 oviduct transfers were performed, involving 190 2-cell
embryos.

Four transfers produced pups.

Three mothers produced one

pup each and one produced a litter of four pups.

The first surrogate

mother to give birth, ate her pup soon afterwards.
reluctant

to

rear

small

litters

as
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this

may

Mice are often

compromise

their

reproductive efficiency.
born.

In

this

The pup may, however, have been still

technique,

the

proportion

of

microinjected

developing to term in surrogate mothers may be quite low.

eggs
As a

result embryos become overnourished and thus grow very large
compared to the embryos of a normal size litter.

If the pups grow

too large, the pregnancy proceeds beyond the normal 19-20 days.
21-22 days there is a risk that the pups will die in utero.
precaution

against

the

loss

of

further

potentially

By

As a

transgenic

offspring, it was decided that if the mother had not given birth by
the end of the 20th day, to deliver the pups by caesarian section and
to foster them.
associated

This way it was hoped to circumvent the problems

with

low

litter

size.

The

next

two

litters,

each

consisting of single pups, were delivered by caesarian section and
fostered.

The final pregnant surrogate mother seemed fairly large

and thus to be carrying a litter consisting of more than a single pup.
It gave birth, on time, to four pups and was allowed to rear its
lit t e r .

Around

25

transferred

embryos
to

(at

surrogate

the

extended

mothers

by

blastocyst
uterine

stage)

transfer.

were
These

transfers were carried out because there was a lack of suitable
surrogates for the embryos when they were at the two-cell stage.
The embryos were cultured in M l 6 for 2 days longer than they would
have been for an oviduct transfer.

The proportion of embryos that

developed to the blastocyst stage was around one fifth of the total
transfered

to culture

were carried out.

after

microinjection.

In total,

3 transfers

One of these was successful and resulted in the

birth of 5 pups.
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All of the pups that were born were tested for the presence of the
PiZ construct.
DNA.

This was carried out by PCR amplification of tail

First the DNA was amplified with primers complementary to

sequences flanking intron I of the mouse CA III gene.

This was

carried out as a control to check that the DNA that was prepared
from the tail tips was capable of being amplified.

It was then

amplified with primers complementary to sequences flanking exon
III of the human AAT gene which do not amplify mouse DNA.
the

12

mice tested

am plification,

using

one was positive.
the

two

sets

of

Figure 3.16
primers,

of

Out of

shows the
the

litter

containing 4 pups in which one mouse was found to be transgenic.
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k b B H M

1 2 3 4

1

2

CA III primers

kb
1- 4
M
H
B

3

4

M B

A A T primer;

kilobase ladder
potential transgenic mice
non transgenic mouse (C B A /C 5 7 B L ) DNA
human genomic DNA
No DNA control

Figure 3.16 PCR analysis of tail DNA from 4
potential transgenic mice.
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H

kb

3.4 DISCUSSION.

Only one transgenic mouse was produced.
of transgenic/non

However, the proportion

transgenic pups (1/12) was quite encouraging.

Under optimal conditions,

Brinster et al.

(1985) reported that 1/4

of the pups they tested were transgenic.

The main difficulty that was encountered in this part of the project
was

in transferring

microinjected

embryos to surrogate

mothers.

Although the uterine transfers were easier to perform than oviduct
transfers, and resulted in 5/30 embryos developing to term, it was
felt that this would not have been a good long term strategy to
develop.

The procedure depended upon the culturing of embryos to

the blastocyst stage.

Although some of the

microinjected eggs

developed this far in culture, it was less than half the number which
would have normally developed to the two-cell stage and which then
could have been transferred to the oviduct,
mice should have been generated.
time to do this.

ideally more transgenic

However, there was not sufficient

Instead, effort was diverted into generating and

analysing a line of mice derived from the transgenic founder.
fact that mice had been generated in Rome by Dr.
the human PiZ construct I

provided, would

lines to be used as controls

if required.
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The

L. Pozzi bearing

allow other transgenic

3.5 APPENDIX.

3.5.1

Names and addresses of some specialised

Arterial

Medical

Services

Arterial House,
313 Chase Rd.,
Southgate,
London N14 6JH.

Campden

Instruments,

Electrom edical

P.O. Box 8,
Pangbourne,
Reading RGB 7HU.

Micro injection
needle
p u lle r

(0509

814790)

Instruments,

(0734

73 Maygrove Rd.,
London NW6 2BP

U.K.

Surgical and
disection
equipment
(071 372 5259)

Market

Dane Mill,
Braodhurst Lane,
Congleton,
Chehire CW12 1LA.

Intervet

Glass capillaries

843888)

A. R. Horwell Ltd.,

International

Hypodermic
needles

(081 447 8522)

King St.
Silenby,
Loughborough LEI 2 7LZ.

Clark

Ltd.,

suppiiers

Heating pad

Supply

(0269

275469)
Gonadotrophins

Ltd.,

Science Park,
Milton Rd.,
Cambridge CB4 4FP.
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Laser

Laboratory

Systems

Ltd.,

Components of
mouth piece
for egg transfer

P.O. Box 166,
Soputhampton,
Hampshire 8 0 9 1BG.

Microinstruments

(Oxford)

Ltd.,

M icroforge

7 Little Clarendon St.,
Oxford 0X1 2HP.

Narishige

Europe,

Holding pipette
syringe

Reblex Management Ltd,
51 St. Stephen's Rd,
London W 13 8HJ
(081 998 3073)

Vet. Drug Co.,

Hypnorm,
Hypnoval

Derwent Valley Trading Estate,
Common Rd.,
Dunnington,
YorkYO I 5RU.

Wild

Leitz,

Davy Avenue,
K now lhill,
Milton Keynes MK5 8LB.

Microscope,
m anipulators
base

(0908 609992/3)
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3 .5 .2 .

List

of

su rg ical/d issection

m a teria ls

and

37°C tissue culture incubator gassed with 5% C 0 2
Animal balance
70% ethanol in a sqeeze bottle
Dissection scissors (small and large)
Three pairs of sharpened watchmaker's forceps
A reel of strong black cotten
Curved surgical needles (size 10, triangular, pointed)
Alcohol burner
Fibre optic illumination
Stereo dissecting microscope
Electrically heated 37°C pad (International Market Supply)
Two pairs of blunt curved forceps
artery

clip

sterile disposible 1ml syringe
sterile disposible 0.1 x 16 mm needles
9cm Petri dish lid
Pontamine blue (a vital dye)
35mm sterile tissue culture dishes
Pasteur pipettes
Light paraffin oil (BDH prod no. 29436)
Hyaluronidase (Sigma cat. no. H3884)
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equipm ent.

3.5.3

List of equipment for the microinjection of singie
cell

embryos.

a) Microscope - Leitz
L a b o v e rt/F S
in v e rte d
tra n s m itte d -lig h t
m ic ro s c o p e
incorporating a Nomarski differential interference contrast
(DIG) microscope system.
The stage is fixed (i.e.
the
objective lens moves
rather than the stage when focusing).
There are
10X eye pieces, a 4 X objective for low
magnification and 40X objective for microinjection.
b) Metal plate
This was
hole, the
enabled
slide.

for holding microinjection chamber slide
cut to fit the microscope stage calipers and had a
size of the chamber slide, in the centre. The plate
smoother movement of the microinjection chamber

c) Microinjection chambers
Glass slides were adapted for use as microinjection chambers
by gluing strips of perspex plastic to the glass to act as
supports for the cover slip (see fig. 3.13).
d) Micromanipulators (RHS and LHS) - Leitz
Micromanipulator M
e) Microinjector for holding pipettes - Narishige
IM -5A /B microinjector
f) Injection pipette puller - Camden Instruments
Moving-coil microelectrode puller model 753
g) Microinstruments - Leitz
h) Base plate - Lietz
i) Microforge de Fonbrune - Microinstruments
j) Marble slab balance table
k) SOcc glass syringe with ground glass plunger
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3.5.4

M aterials

for

m icroinjection

of

single

cell

em bryos.

a) Holding pipette capillaries - Clark Electromedical Instruments
Glass capillaries (cat. no. GG100-15).
b) Injection pipette capillaries - Clark Electromedical Instruments
Glass capillaries (cat. no. GG100TF-10).
c) Light paraffin oil - BDH
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CHAPTER 4

ANALYSIS OF MICE BEARING HUMAN AAT GENES.

4.1 INTRODUCTION

This chapter describes the analysis of transgenic mice derived from
the founder transgenic mouse line PiZI
from PiM and PiZ lines made elsewhere.

as well as those derived
The transgenic mouse lines

P iZ II, PiZZI and PiZ24 were produced by Dr.
same

PiZ construct th a t was

introduced

L.

into

Pozzi using the
P iZ I.

The

transgenic mouse lines contain different PiM gene constructs.

PiM
The

line M l 7, produced by Dr. E. Wagner, contains a 17.5 kb fragment of
a PiMl gene (Ruther e t a/., 1 9 8 7 ).

A cosmid containing this fragment

was used to generate the PiZ construct.

The transgenic mouse lines

A T 39, A T I 6, W T16 and W T14 were all produced by Dr.
Badge.

R.

Lines AT39 and A T I 6 are described in Kelsey e t al.

Lovell(1 9 8 7 ).

However, the 4 0 kb PiM construct they contain is an M3 rather than
an M l allele as reported in the paper.
protein

sequencing

(D r.

personal com munication).

A.

This was revealed by DNA and

Coleman,

Pharm aceutical

Proteins,

The lines W T l 6 and W T l 4 contain a

construct consisting of the

1 7 .5

kb M l

heterologous gene (RBP prom oter and the
(Tripodi e t a/., 1 9 9 1 ).
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frag m en t joined

to

a

bacterial CAT gene)

The analysis of the transgenic mice involved a collaboration with Dr.
M. Tripodi*s group in Rome.

This was undertaken to extend the

number o f transgenic lines included in the study.

It was also

considered necessary because the group had ties with a pathologist
(Carlo della Rocca) who seemed willing to analyse a significant
number of mice.

Transgenic mice were not transported between the U.K. and Italy.
Lines P iZ II, P iZ Zl, PiZ24 and M l 7 were all kept in Rome.

Plasma

samples collected from these mice by Marco Tripodi were sent to
London.

The transgenic lines A T 39, A T I 6, W T l 6 and W T l 4 were

transferred from NIMR to UCL.

Liver samples from these mice along

with PiZI were sent to Rome as well as Southampton.

In order to determine whether a transgenic mouse system might be
appropriate

to

develop

an

animal

model

of

th e

liver

disease

associated with the PiZ variant, mice bearing human PiM and PiZ
genes were analysed and compared.

The relative level of human AAT

mRNA was determined in a number of these lines and compared with
the levels of human AAT protein in their respective plasmas.
a tte m p t

was

made

to

produce

and

id e n tify ,

using

in

An
situ

hybridisation of cosmid DNA containing the injected construct to
mouse chromosomes, mice homozygous for the PiZ gene.
was carried ou t by Dr. M. Fox and Dr. J. Parrington.

This work
The post-

translational processing of human AAT in mice bearing human PiM
and PiZ genes was also analysed and compared with the processing
of the proteins in human counterparts.

Immunohistochemistry and

histopathology were carried out on sections of liver to determine
whether the introduction of the PiZ gene into mice was sufficient to
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induce pathology consistent with the neonatal disease in humans.
This work was performed by Dr. C.

della Rocca (Rome) and Dr.

McCullagh and Dr. H. Millward-Sadler (Southampton).
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P.

4 .2 MATERIALS AND METHODS.

4.2.1 Venesection of mice.

Mice were piaced individualiy into large plastic beakers which were
then piaced in a sink filled with hot w ater ( 5 0 - 5 S T ) .

The beakers

were covered and weighted to prevent the mice from escaping and
the beaker from floating.

As soon as the mice began to jump,

attem pting to leave the beaker, they were removed and placed in a
mouse restrainer.

A small cut was made with a scalpel to one side

of the base of the tail.

The blood (between 3 0 0 and 7 0 0 |il) was

collected either into an eppendorf (fo r plasma) or into a 10 mi
"Falcon” tube containing RPMI and heparin (for white cell culture).

4.2.2 Preparation of plasma.

Blood

samples

contained

in eppendorfs

w ere

centrifuged

in a

microcentrifuge for five minutes and the plasma was collected and
stored at -20°C.
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4 .2 .3 "Rocket" immunoelectropho resis.

a) 1 X TGVB electrophoresis buffer:

Tris MCI (0 .2 3 M)

56.2 g

Glycine (0 .0 3 M)

45.2 g

Barbitone (0 .0 0 5 4 M)

2.0 g

Na Barbitone (0 .0 3 M)

13.1 g

Ca Lactate (0 .0 0 1 3 M)

dHzO

0.8 g

to 2 L

b) 1 0 X P B S (pH 7.2):

NaCI (1 .3 7 M)

4 0 0 .0 g

KCi (0 .0 2 M)

10.0 g

Na2 HP0 4 . 2 Hz0 (0 .0 8

M)

62.5 g

KH2 P0 4 (anh) (0 .0 1 5

M)

10.0 g

dHzO

to 5 L

"Rocket" Immunoelectrophoresis was used to quantitate the amount
of human AAT in the plasma of the transgenic mice,

it was carried

out on a 1% agarose gel (0.1 by 5.5 by 7.5 cm) containing 62 pi goat
anti human AAT igG (Atlantic Antibodies) a t 1 5 V /c m and a t 10 X
overnight.

The electrophoresis buffer was 1 X TGVB buffer and the

gel was prepared with the same solution diluted
water. The samples, approx.

1:1

in distilled

2.5 pi of plasma, were applied to wells

made at the cathodic end of the gel.
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A fter electrophoresis the gel

was washed three times for five minutes in 1 X PBS (pH 7 .2 ) and
once with distilled w ater.

It was then dried, and stained for 10

minutes with amido (napthalene) black which was 8% in a mixture of
distilled w ater, methanol and acetic acid (5 :4 :1 ). This solution was
also used to destain the gel.

4 .2 .4 Isoelectric focusing (lEF).

The isoelectric focusing was carried o u t largely according to
method described by Whitehouse e t al.

(1 9 8 9 b ).

a

However, it was

modified to allow focusing of mouse AAT proteins.

The samples

were also treated with neuraminidase, and the ampholines used in
focusing the neuraminidase treated AAT were of pH 4 .5 - 5.4.

The

actual method used is described below.

4 .2 .4 .1 T re a tm e n t of samples.

Materials:

a) Dithiothreitol (DTT) at 0 .0 1 9 M: 3 mg/ml in ddHzO

b) Idoacetic acid (lAA) a t 0 .4 8 M: 9 mg/ml in ddHzO

c) Neuraminidase solution: 2 .8

mg neuraminidase (ty p e

V,

Sigma) in 100 pi of a 0.01 M di-sodium hydrogen orthophosphate
buffer (to pH 5 with saturated citric acid).

The plasma samples were treated with DTT and lAA as described by
Frants and Eriksson (1 9 7 8 ).

To 25 pi aliquots of plasma samples.
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were added 8.5 \i\ of DDT solution.

A fte r 2 0 minutes a t room

tem perature, 8.5 pi of lAA solution was added to each sample and
they were le ft for a further 20 minutes.

The samples were then

tre a te d

o f sam ple,

w ith

neuram inidase.

To

neuraminidase solution was added.

25

pi

2

pi

of

They were then incubated at

3 7 T for 16 hours.

4 .2 ,4 .2

Preparation of acrylamide lEF gel.

The acrylamide gel was poured onto a glass base plate which had a
single strip of sticky-tape around its edges, providing a border 0.5
mm high and producing a gel measuring 2 3 0 X 1 0 0 X 0 .5 mm.
plate was cleaned with detergent, w ater and then ethanol.

The

A top

plate of similar size was cleaned in the same way.

Materials for gel:

a) Acrylamide: N, N' methylene-bis-acrylamide 29:1 (5 0 % / 3%
[T /C ]), Bio-Rad Laboratories.

b) Ampholine: Pharmolyte pH 4.5 - 5.4, Pharmacia.
c)

N-

(2-acetam ido )-2-am ino eth anesulp ho nic

acid

(ACES),

BDH.

d) N,N,N',N' -tetramethylethylenediamine (TEMED), Bio-Rad.
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Polyacrylamide gel mixture:

ACES (0 .0 3 9 in 7.0 ml dHzO)

7.0

ml

Acrylamide

1.4

Glycerol (87% )

2.1

ml

Ampholyte

1.05

ml

ml

TEMED

5 pJ

Ammonium persulphate (O.OSg in 1 ml dHzO)

16 0 |x I

dHzO to 14 ml

The ACES was added to 7 ml of dHzO and mixed to dissolve. The rest
of the components were then added in the order given, well mixed
and poured immediately onto the previously prepared glass base
plate.

The solution was poured onto the base plate, starting from one end.
Avoiding the introduction of any air bubbles, the top plate was
lowered onto this end so th a t the solution was "squeezed" up the
plate.

The plates were then fixed in place with bull dog clips and

the gel le ft to set.
added.

The top plate was then removed and the wicks

These comprised two strips of Whatman 17 filter paper 1 cm

wide and as long as the gel.

One had been soaked in 1 M phosphoric

acid (anode) and the other in 1 M sodium hydroxide.
b lo tte d

and

then

placed

at

op po site
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edges

of

They were
th e

gel.

4 .2 ,4 .3 Electrophoresis.

The gel was electrophoresed for 45
W at lO X

minutes at 4 0 0 V I S mA and 15

using a Pharmacia cooler bed.

A fte r the prerun was

complete, 4 ^il of each sample were placed on 3MM paper tabs (0 .5 X
0.5 cm) which were then blotted and placed on the gel 3 mm apart
from each other in a line 1 cm from the cathode.

The plate was then

replaced on the flatbed cooler, but with a few drops of w ater
underneath to conduct heat away from the plate.

The gel was then

electrophoresed for 4 0 mins, when the tabs were removed.

The gel

was electrophoresed for a further 2.5 hours, by which tim e the
number of Vhrs was usually around 6 3 0 0 .

4 .2 .5 W estern blotting.

Materials:

a) 1 X TGM:

TrisHCI (pH 8.3) (0 .0 2 M)

9.6 g

Glycine (0 .1 5 M)

4 5 .6 g

20% Methanol

8 00 ml

dHzO

to 4 L

b) PBS/Tween:

0.15% Tween 20 (Sigma) in 1 X PBS(pH 7 .2 )
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c) diaminobenzidine tetrachloride (DAB) (Sigma) staining solution:

TrisHCI (pH 8.0) (0.1 M)

24.5 ml

DAB (0 .0 2 M)

0.5 ml

Hydrogen peroxide (v /v ) 1

2.5 p I

The gel, a piece of nitrocellulose filter and two pieces of 3MM filter
paper cut to size, were moistened with TGM and used to construct a
blot.

A 0 .5 kg weight was placed on top of it.

The protein was

transferred by diffusion to the nitrocellulose filter for 1 hr.
filte r was then blocked by incubating for 2 0
tem perature with PBS/Tween.
4 “C w ith

goat

anti

human

The

minutes a t room

It was then incubated overnight at
AAT

IgG

(A tla n tic

A ntibodies)

PBS/Tween (1 part antibody to 1 0 0 0 parts of PBS/Tween).

in
The

antibody had been pre-incubated for 3 hours a t 4°C with serum from
a C 57B L/6J x CBA/2 FI mouse (1 0 parts antibody to 1 part serum).
The filte r was then washed 5 times for 5 minutes with gentle
rocking a t room temperature in PBS/Tween.

It was then incubated

for 3 hours a t room temperature with a second antibody (horseradish
peroxidase labelled rabbit anti goat globulins [D a k o p atts ]) a t a
concentration of 1 in 1 0 0 0 in PBS/Tween.

Bands of peroxidase

activity were revealed following incubation a t room tem perature for
2 minutes in 50 ml of DAB staining solution.
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4 .2 .6 Fluorescence in situ hybridisation (FISH).

Using modifications of protocols developed by Dr.

P.

Chandler (CRC,

Northwick Park), spleen cells taken from sacrificed mice and blood
cells taken from live mice were cultured.

Slides were then made

from

in situ

the cultured cells and fluorescence

carried out to detect the human AAT gene.

hybridisation

The hybridisation was

carried ou t using biotin labelled probes according to a protocol
based on Pinkel e t al.

(1 9 8 6 ).

The biotinylated probe was detected

by exposing slides to an avidin-fluorescein conjugate.

The signal

was then amplified by washing with a goat anti-avidin antibody th a t
had also been conjugated to biotin, followed by washing with the
avidin-fluorescein

con jug ate.

counterstained

w ith

cultured by Dr.

J.

The

propidium

chrom osom es

iodide.

The

w ere

then

lym phocytes

were

Parrington and the in situ

hybridisation

was

performed by Dr. M. Fox.

MOUSE SPLEEN CELL CULTURE (modified from a method suggested by
Dr. P. Chandler - CRC, Northwick Park).

About 4 mm3 of spleen from a freshly dissected mouse was placed in
a sterile round bottomed polystyrene centrifuge tube (Falcon 1 7x 10 0
mm) containing 1 ml RPMI medium.

The cells were disaggregated

with

50

a Pasteur pip ette

ph arm aceutical
haem o cyto m eter

containing

g ra d e ).
and

RPMI

The

cells

medium

suspension of about 5 x 10® cells/m l.

pi

heparin

w ere
added

(5 0 0 0

co u n ted
to

produce

U /m l,

w ith
a

a
cell

Fetal calf serum (FCS) was

added to a final concentration of 1% and concanavalin A (Sigma) to a
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final concentration of 4 ^ig/rni.

The suspension was distributed into

25 cm2 culture flasks (approx. 5 m l/flask) and incubated in 5% CO2
a t 3 7 0 C for 48 hours.

In order to improve the R banding, 4 0 ^1

bromodeoxyuridine (BRDU) (1 m g /m l) per 5 ml of culture medium
was added during the last 4 hours of culture.

Colcemid (4 0 ^il of a

10 pg /m l solution) was added for the last 1 hour of culture.

MOUSE BLOOD CULTURE (modified from a method suggested by Dr. P.
Chandler - CRC, Northwick Park)

Up to 3 0 0 |il of mouse blood was collected (as described in section
4 .2 .1 ) into a heparinised centrifuge tube containing 0 .4 5 ml RPMI and
5 0 pi of heparin (5 0 0 0
clotting.

U /m l, pharmaceutical grade) to prevent

The red cells were lysed by adding 4.5 ml ddHzO and after

10 seconds quickly adding 0.5 ml lO x balanced salt solution (BSS).
FCS was then added to a final concentration of 2-5% .

The white

cells were centrifuged a t 1 5 0 0 rpm for 10 minutes, the supernatant
removed and the cells (about 1 x 10® ) resuspended in 4 ml RPMI
with 10% FCS, Ip g /m l concanavalin A (Sigma) and 20% rat T cell
growth factor (supernatant from 2 4 hour rat spleen cultures).
cells were

placed in sterile

round-bottom ed

polystyrene

The

Falcon

tubes (1 7 X 100 mm) and incubated in 5% CO2 for 5 days a t 3 7 ° C. To
each tube, 8 pl/ml

of colcemid (1 0 pg /m l) was added for the last 1

hour of culture.

PREPARATION OF SLIDES

The cultured cells were centrifuged (1 0 0 0 rpm for 5 minutes), the
supernatant removed and the cells resuspended in a hypotonic
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solution ( 0 .0 7 5 KCI) for 25 minutes a t room temperature.
were centrifuged again as above and fixed in a 3:1

The cells

soluton of

methanol and glacial acetic acid and stored a t 4 ° C overnight.

A fter

several changes of fixative, the cell suspension was dropped onto
cold slides (1 drop per slide ) from a height of about 20 cm and airdried.

The slides were flooded with acetic acid for a few seconds

and then dehydrated using 70% , 90% and 100% ethanol before being
stored at -2 0 ° C ready for in situ hybridisation.

BIOTIN LABELLING

Whole cosmid probes were biotin labelled by nick translation using a
BRL BioNick
incorporation.

labelling

kit in which

b io tin -1 4-d A T P

is used

4 0 0 ng of DNA was labelled in each reaction.

nick translation

mixture was eluted

Column (Pharmacia).

through

for
The

a sephadex "Nick"

Salmon testis DNA (Sigma) was sonicated and

1 00 \ig added as carrier DNA to the biotinylated probe.

(Latterly the

sonicated product herring testis DNA (Sigma) was used).

The probe

was then ethanol precipitated to concentrate it.

PREHYBRIDISATION STEPS

The following tre a tm e n t was carried ou t before the slides were
hybridised in situ :

2 0 0 pi of RNAse A (1 0 0 pg/m l in 2x SSC, pH 7 .0 ) was added to the
slide

which

was then

covered

w ith

a coverslip

horizontally in a moist chamber at 3 7 ° C for 1 hour.
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and

incubated

The slides were washed in 2x SSC, thereafter they were dehydrated
in ethanol of increasing concentrations (7 0 % , 90% and 1 00 % ) and
then air dried.

The

slides

hybridisation.

w ere

then

exposed

to

proteinase

K to

fa cilita te

First they were placed in 50 ml of prewarmed buffer

(2 0 mM Tris HCI, 2 mM C aC lz, pH 7 .4 ) and incubated for 10 minutes
a t 3 7 0 C.

Then they were placed in a solution of 0 .3 5 |ig /m l

proteinase K in the same buffer.

A fter

7 minutes a t 3 7 ° C they were

rinsed in PBS.

The slides were dipped in a 2.6% formaldehyde solution (made from
3 7 % formaldehyde solution saturated with NaHCOs to prevent low
pH) in PBS and containing 1% MgClz.
and dehydrated as before.

The slides were washed in PBS,

This step is important for attachm ent of

the chromatin to the slides especially when proteinase K treated.

PROBE PREPARATION

The biotinylated probe and com petitor DNA were precipated using
1 / 1 0th volume of 3M ammonium acetate and 2.5 volumes of absolute
ethanol (precooled), le ft for 3 0 minutes a t -7 0 ° C and centrifuged;
and the pellet dried.

The hybridisation solution consisted of 50% deionized formamide
(Merck analar) 10% dextran sulfate, 2x SSPE (0 .3 M NaCI;
NazHP04.; 0.002M EDTA, pH 7 .0 ).
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0 .0 2 M

If a large coverslip (2 2 x 5 0 mm) was used, 2 0 ^1 of hybridisation
solution was added to

the

probe-com petitor pellet.

coverslips of 22 mm diameter, 10 \.i\ was added.

For round

The dissolved probe

was denatured at 7 5 ° C for 5 min and left to pre-anneal for at least
30 minutes.

HYBRIDISATION WITH COMPETITION

The slides were denatured by placing 70% deionized formam inde/2x
SSPE at 1 0 0 ^1 per slide, covering with a coverslip and placing
horizontally in a 7 5 ° C oven for 5 minutes.

Immediately th ereafter the slides (minus coverslip) were plunged
into 70% ethanol.

They were dehydrated in 90% ethanol, absolute

ethanol and then air dried.

As soon as they were dry, the probe was

placed on the slides, which were then covered with a coverslip,
sealed with Cowgum sealant and placed in a moist chamber at 37oC
overnight or for a longer period.

HYBRIDISATION WITHOUT COMPETITON

The probe was combined with the hybridisation solution described
above

and

applied

to

the

RNAse,

proteinase

K tre a te d

formaldehyde fixed slide, covered and sealed as above.

and

Probe and

slide chromosomal DNA were denatured simultaneously in a 7 5 ° C
oven for 5 minutes placed in a moist chamber and hybridised as
above.
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SPECIFIC HYBRIDISATION CONDITIONS WITH DIFFERENT PROBES.

Cosmid F I : 2 0 0 ng of biotinylated probe was combined with 10 ng of
human cot-1-DNA (BRL) (i.e. 5 Ox concentration of probe).
hybridisation solution was then added.

The quantities were doubled

when placed under a 2 2 x 5 0 mm coverslip.
was hybridised without competition:
was added to 30 ng of F I.

10 [i\ of

In later experiments FI

2 0 nl hybridisation

solution

The signal was improved and there was no

background.

Human placental DNA: 29 ni of hybridisation solution was added to
2 0 ng of biotinylated probe.

Cosmid FI combined with Cosmid 2 1 /6 : The probe mixture consisted
of

the

following

constituents

which

were

ethanol

precipitated

together:

50 ng FI
2 0 0 ng 2 1 /6
5 ng mouse cot-1-DNA (BRL)

In this instance, the precipitated DNA was dissolved in 10 ni of
hybridisation solution and hybridised uder a 22 mm round coverslip.
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POST HYBRIDISATION WASHES

A fte r removing the coverslips the probe was washed o ff the slides
in 3 changes of 50% formamide/2xSSC a t 4 2 ° C.

Thereafter they

were placed in 5 changes of 2x SSC for 2 minutes each, also at 4 2 ° C.

SIGNAL DETECTION

The following steps were all carried out at room temperature.

The slides were placed for 5 minutes in 4x S S C /0.05% Tween 20.
They were then incubated for 20 minutes in 4x SSC/5% Marvel non
fa t milk powder to prevent background fluorescence.

Next a mixture

of fluorescein isothiocyanate (FITC) conjugated avidin (V ector Labs)
a t final concentration 5 |ig/m l in 4x SSC/5% Marvel was placed on
each slide (1 0 0 ^il/slide) for 2 0 minutes.
the slides were protected from the

From this stage onwards

light because FITC is light

sensitive.

The slides were then washed 3 times for 5 minutes in 4x SSC /0.05%
Tween.

The

signal was

amplified

using

biotinylated

anti-avidin

(V e c to r

Labs) a t final concentration 5 pg/m l in 4x SSC/5% Marvel.
100 ^ll/slide was used, and the incubation was for 2 0 minutes.

Again
They

were washed as before, 3 times, for 5 minutes in 4x S S C /0.05%
Tween.
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Another layer of FITC-avidin was applied a t the same concentration
(5 |ig/m l in 4x SSC/5% Marvel) for a further 2 0 minutes.

The slides

were then washed for 5 minutes in 4x SS C /0.05% Tween;

then twice

in PBS for 5 minutes each time.

The

slides

were

drained

and

m ounted

in

an

antifade

m ixture

containing fluorescent counterstains diaminophenolindole (DARI) and
propidium iodide (PI).

Vectashield (Vector Labs ) antifade was used.

The counterstrains were added ju st before use: DAPI and PI each at
final concentration 1.0 |i

g/m l.

ANALYSIS

A Nikon O ptiphot microscope equipped with epifluorescence with
mercury vapour UV light source and appropriate fluorescence filters
was used to analyse individually the FITC signal and DAPI and PI
counterstained slides.

Images were captured using a Confocal Laser system (Biorad MRC
6 0 0 ).

Similar

fluorescence

filte r

blocks

to

those

of

the

fluorescence microscope were employed to obtain merged images of
both PI counterstained chromosomes and the FITC signal.

The

images were collected sequentially and the images merged, so th a t
the signal

could be viewed

in relation

interphase nucleus.
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to

the

chromosome

or

4 .2 .7 RNA preparation.

RNA was prepared according to a protocol described by Sambrook e t
al. (1 9 8 9 ).

The method involved the use of guanidinium thiocynate

to disrupt ceils and a CsCI gradient to separate RNA from the DNA
and protein.

Materials:

a) Guanadinium Thiocyanate (GT) buffer.

guanidinium thiocyanate

50 g

1M TrisHCI (pH 7.5)

10 mi

p-mercaptoethanoi

1mi

ddHzO

to 100 ml

The solution was prepared just before use, filtered through Whatman
No.

1 filter paper and stored on ice.

All the remaining solutions for

manipulations involving RNA were prepared with solid chemicals, as
far as possible, which were dissolved in ddHzO and incubated with
1% diethylpyrocarbonate (DEPC) a t 37°C overnight before being
autociaved.
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b) CsCI/EDTA solution (for 100 ml).

CsCI

96 g

DEPC

1g

0.01 M EDTA (pH 7.5)

ddHzO

90 ml

to 100 ml

Sorval centrifuge tubes were rinsed with chloroform and allowed to
dry.

To each tube, was added 8.7 ml of CsCI/EDTA solution.

The

level of the top of the liquid was marked on the outside of each tube.
Tissues were homogenised using a Silverson homogeniser.

Before

the machine was used, it was cleaned sequentially with 5% SDS, H2 O
(twice), ethanol and DEPC treated H2 O.

Samples consisting of up to 3 g of tissue were placed into separate
3 0 ml polypropylene tubes.

GT buffer was added to each sample to

produce a volume of 10 ml.

The tissues were homogenised for 2

minutes on ice, after which 2 5 0 |il of 20% sodium lauryl sarcosinate
(SLS) was added to each tube.
a 23G

needle

CsCL/EDTA.

and

added

The samples were then drawn through

to

separate

sorval

tubes

containing

They were then centrifuged, using a swing out rotor, at

3 2 ,0 0 0 rpm and 20°C for 2 4 hrs.

A fter centrifugation the fluid in

the tubes was discarded to leave RNA pellets in the bottom .
fluid was removed in two stages using pasteur pipettes.

The

The first

stage was the removal of fluid up to the mark which had indicated
the level of the top of the CsCI/EDTA solution.
made 0.5 cm from the bottom of the tubes.
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A mark was then

Using a fresh pasteur

pipette, the remaning fluid up to this mark was removed.

A red hot

scalpel was then used to slice the bottom, containing the RNA pellet,
o ff from the rest of the tube and inverted on tissue to allow the
remaining liquid to drain away.
ethanol and drained.

The ends were filled with 70%

This was repeated.

The RNA pellet was allowed

to dry a t room tem perature and then dissolved in 3 0 0 pi of TE
(p H 7 .6 ), 0.1% SDS.

The solution was transferred to an ependorf, to

which 1 50 pi TE (pH 7 .6 ), 3 0 pi 3M NaAc (pH 5 .2 ) and 9 0 0 pi ethanol
was added.

The samples were placed a t - 2 0 T

for 3 0 minutes

followed by centrifugation for 10 minutes in a microcentrifuge.

The

resulting pellets were washed several times with 70% ethanol and
dried in a freeze drier.

They were then redissolved in a small

volume of TE and stored at -70°C.

4 .2 .8 Northern blot analysis.

a) 20 X MOPS:

MOPS

20.9 g

2.0M NaAcetate

12.5 ml

0.5M EDTA pH 7

10.0 ml

DEPC treated ddHzO to 5 00 ml
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b) Loading Buffer (for 8 0 0 p. I):

20 X MOPS

50 ^il

formamide

5 0 0 pi I

formaldehyde

150 I

ethidium bromide (1 0 m g/m l)

3 pi I

10 X DNA loading buffer

100 pi I

c) Church buffer (pH 7.2):

Na2 HP0 4

124 g

NaH2 P0 4

26 g

SDS (3 5% )

2 0 0 ml

E D T A (IM )

1 ml

DEPC treated ddH20 to 1 L

d) Agarose gel:

agarose

1.5 g

20 X MOPS

5 ml

DEPC treated ddh20

80 ml

The mixture was boiled to dissolve the agarose.

Then 15 ml

formaldehyde was added and the gel was poured into a mould
that had been cleaned with 10% SDS.
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Between 1 0 -2 0 |ig of each RNA sample was loaded on the gel.

Before

loading, 3 volumes of loading buffer was added to each sample and
they were incubated a t 65°C for 10 minutes to denature the RNA.
The samples were then electrophoresed for 4 hours a t 1 0 0 V in a 1 X
MOPS electrophoresis buffer.

The gel was then rinsed in DEPC

treated dHzO and then washed for 10 minutes in 2 0 X SSC.

The RNA

was then transferred to a nylon membrane (Hybond-N, Amersham
International) by blotting overnight using 2 0 X SSC.

The membrane

was washed for 1 minute in 50 mM N aP04 (pH 7 .2 ).

It was then

baked for 1 hour at 80°C followed by u.v. irradiation for 2 minutes.

4 .2 .9 Hybridisation of Northern blot.

Multiprime radiolabeling of DNA probe.

The probe was labelled using a commercial random-prime labelling
k it according to

a protocol recommended by the

(Amersham International).

m anufacturer

Approximately 50 ng of DNA in 29 ^il of

ddH zO was placed in a boiling w ater bath to denature the DNA.
was then chilled briefly on ice.

It

The components of the reaction

were then added in the following order:

10 111 Buffer 1 (containing unlabelled dATP, dGTP, dTTP and the
reaction buffer)
5 pi Buffer 2 (containing the random hexanucleotide primers)
4 pi 32p d C T P (IO p C Z p l)
1 pi (1 unit) DNA polymerase 1 "Klenow" fragment

Page 219

The reaction was incubated a t room tem perature for 6 hours and
then terminated with the addition of 50 |il of TNE containing 1% SDS.
Unincorporated nucleotides were removed by centrifugation through
a Sephadex GSO.

A 1 ml plastic syringe (with the plunger removed)

was used to produce a column containing Sephadex G50 resin in
TN E/0.1% S D S.

The column was centrifuged a t 1 5 0 0 rpm for 3

minutes before applying the sample and repeating.

The labelled

probe was collected from the bottom of the column, boiled for 5
minutes to denature the DNA and chilled quickly on ice.

A fte r pre

hybridising the membrane in Church buffer a t 65°C for a t least 1
hour, it was hybridised overnight at the same temperature to the 32p
radiolabelled DNA probe.

The membrane was then washed a t 6 5 ‘*C 3

times for 3 0 minutes in 50 mM NaP0 4 / 1 % SDS.

It was then air-

dried, sealed in plastic film and autoradiographed with intensifying
screens.
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4 .2 .1 0 Histological analysis.

This was carried out by Dr.

P.

McCullagh and Dr.

a t Southampton General Hospital and Dr.

C.

H.

Millward-Sadler

della Rocca a t "La

Sapienza", Rome.

The liver samples were immediately fixed (fo r a t least 4 hours) in
4% phosphate buffered paraformaldehyde (pH 7 .4 ) and then routinely
embedded in paraffin wax.

Consecutive sections obtained from each

block were stained with Haemotoxylin and Eosin for morphological
examination.
fibrosis.

Van Gieson solution was used for the assessment of

Other sections were tested with rabbit anti human AAT

antibodies

fo r

th e

presence

of

the

human

proteins.

An

immunoperoxidase staining method was employed and peroxidase
activity was visualised with DAB.
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4.3 RESULTS

4.3.1 Analysis of expression of P iZ I.

The founder mouse, P iZ I, was mated with an FI C57BL/CBA maie.
The resulting litte r contained 8 pups.

DNA, prepared from small

pieces of tail taken from each mouse, was analysed by PCR for the
presence of the human AAT gene (method given in Chapter 3 ).
ou t of eight offspring were transgenic (see fig.
obtained from

from

bleeding the tail vein.

all 8 offspring

4 .1 ).

Seven

Plasma was

and the founder mouse by

"Rocket" immunoelectrophoresis was carried

out, using goat anti human AAT, to determine whether any human
AAT could be detected in these samples (see fig. 4 .2 ). The technique
is quantitative, as shown by the dilution series of human plasma.
However, the system is specific for detecting human AAT - the
antibody does not precipitate mouse AAT.

Equal amounts of human

AAT were seen in the plasma of the founder female and in 5 /7 of her
transgenic offspring.

There was no detectable AAT in the plasma of

the one non-transgenic offspring or in 2 /7 of the transgenic ones.
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A) Mouse CA 111 primers

B

1

2

3

4

1

2

5

6

7

8

M

B) Human AAT primers

B

W

B

= No DNA control

M

= M arker (kb ladder)

WT

= Non transgenic mouse tail DNA

T

F

3

4

1 -8 = Offspring tail DNA
F

= PiZ1 tail DNA

Figure 4.1 PCR analysis of the first litter from
founder PiZ.
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5

6

7

8

M

M

M

M

F

1

2 3

4

'

5 6 7

,

_L

_1

_L

_1

15

30

60

2

8
'

dilution with ddH20

M

= plasma from human homozygous Ml Ml individual

F

= plasma from founder PiZI

1-8

= plasma from offspring

Figure 4.2 "Rocket" immunoelectrophoresis,
using goat anti-human AAT antibody,
of plasma from founder PiZI and its
first litter.
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All seven transgenic offspring were crossed with either CBA or
C57BL and their offspring tested for the transgene by PCR analysis
and for plasma human AAT by "rocket" immunoelectrophoresis (see
fig 4 .3 ).

Transgenic mice with no detectable human plasma AAT

were found to transm it the PiZ transgene to 1 0 /1 9 (approximately
5 0% ) of their offspring, none of which contained detectable amounts
of human AAT in their plasmas either.

The 5 /7 transgenic mice with

detectable amounts of human AAT in their plasmas, transm itted the
PiZ gene, as revealed by PCR analysis, to 2 9 /4 4 (more than 50% ) of
their offspring.

However, some of these transgenic offspring had no

detectable plasma human AAT.

It

seem ed

th a t

one

possible

explanation

fo r

th e

initial

high

transmission rate of the transgene and the subsequent differences in
levels of expression and transmission may be th a t th a t there had
been tw o

independent sites of transgene

chromosomes of the founder mouse.

insertion

in separate

One of these sites could be

expressing human AAT a t levels a t which the protein is detectable in
plasma, whilst the other might not be expressed or expressed a t low
levels.

Mice bearing the PiZ construct will now be referred to as either
expressing or non-expressing, depending on w hether any human
protein could be detected in the plasma.
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(P iZ l Founder)

#

x C B A /C 57B L

7/8

1.1

9 X CBA
4/8

1.2

XC57BL

1.3

O

xCBA

6/10

5/8

1.4

1----------

1------

— I---------------n
1.5

X

C57BL

5/9

1.6

■

X

CBA

1.7

□

xCBA
4/9

8/9

I

I

3"
m

CO

O O O □

O O O O □ □

ro
ro

O O

CD

\l.6 .7

Figure 4.3 Diagram showing the results of PCR and "rocket"
immunoelectrophoretic analysis of the of the PiZl line.
#

Transgenicfemale with detectable levels of PiZ protein In plasma using 'rockets.

O

Transgenicfemale without detectable levels of PIZ protein In plasma using 'rockets'.

■

Transgenicmale with detectable levels of PiZ protein In plasma using 'rockets'.

□

Transgenicmale without detectable levels of PIZ protein In plasma using 'rockets'.

7/8
1.6

Indicates number of transgenic offspring In litter (as determined by PCR of tall tip DNA).
Identification number

1.8

IX
7/9

C57BL

4 .3 .2 Cytogenetic analysis of PiZI

4.3.2.1 Number of sites of insertion of transgene in PiZl

As

previously described,

some

of the

progeny of the

original

transgenic founder appeared to pass the transgene to more than 50%
of their offspring.
were found:

Furthermore, two classes of transgenic offspring

those expressing and those not expressing human AAT.

It was therefore postulated th a t those animals carried two insertion
sites for the transgene.

This was investigated

by cytogenetic

analysis.

in order to assess the number of sites of insertion of the transgene
in P iZ l, fluorescence in situ
FI

(containing

the

hybridisation (FISH), with the cosmid

m icroinjected

in se rt)

was

carried

out

on

metaphase spreads of mouse chromosomes from expressing and non
expressing mice bearing the PiZ gene.

it was decided to use as probe, the entire cosmid from which the
transgene had been derived.

Other possible probes would have been a

cDNA clone or total human genomic DNA.

cDNA clones in our

laboratory have not proved to be reliable for FISH and in general,
much stronger signals are obtained with cosmids.

It was not certain

th a t the transgene contained enough repetitive sequence to be
detectable by total human genomic DNA.

Hence the cosmid clone FI

seemed the logical choice.

A preliminary experim ent using the cosmid clone as a probe on
human metaphase chromosomes (in the presence of excess C0T1
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DNA) had shown a strong hybridisation on chromosome 14 and on
chromosome 10 (see fig. 4 .4 ) reflecting its construction from the
AAT

gene

and from

the

RBP1

gene.

There

was

no specific

hybridisation of the probe to non-transgenic mouse chromosomes.
was concluded th a t FI

It

was a suitable and sensitive probe for

detection of the human transgene.
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Figure 4.4 FISH with FI cosmid to human
metaphase chromosomes.
Hybridisation can be seen to chromosomes
10 and 14 - see te x t
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A number of methods were tried to determ ine the best way to
prepare mouse chromosomes (see m ethods - section
detailed protocols).

4 .2 .6

for

The easiest and m ost reliable chromosome

preparations were from cultured spleen cells,

in theory it would

have been possible to have taken spleen biopsies from live mice, but
it

was

th o u g h t

sim pler

and

less

chromosomes from blood samples.

invasive

to

try

to

obtain

In all, blood cultures were set up

from 4 9 mice, 2 7 male and 2 2 female transgenic mice and 1 male
and 1 female non-transgenic mouse.

Several differen t methods of blood culture were tried with mixed
success.

A ltog eth er plenty of good metaphases were obtained in 9 blood
samples, a few in 21 samples and none a t all in 19.

The best method

which gave some metaphases, but not always consistently, is listed
in the methods (section 4 .2 .6 ).
(S ectio n

4 .2 .6 )

con sistently

Culturing spleen cells for 4 8 hours
produced

p len ty

of

well

spread

metaphases, and this was done for three of the male transgenic
mice.

Where no metaphases could be obtained, it was still possible to do
FISH on interphase cells using the FI cosmid as a probe.

(Results on

interphase cells are shown in section 4 .3 .2 .2 ).

The probe was labelled with biotin by nick-translation and in situ
hybridisation carried out by a modification of the method of Pinkel
et

aL ( 1 9 8 6 )

(Section 4 .2 .6 ).

The counterstaining of mouse

interphase and metaphase cells was with propidium iodide and DAPI.
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Confirmation

of

two

sites

of

integration

inferred

from

genetic segregation on metaphase chromosomes.

Metaphase chromosomes were prepared from mouse 1.6 (see fig. 4 .3 )
whose offspring had consisted of 1 non-transgenic, 4 expressing
transgene and 4 non-expressing transgene.

The result of the in situ

hybridisation of FI to the metaphase spreads is shown in fig. 4 .5 .
This shows conclusively th a t there are two sites of integration on
different chromosomes, one larger than the other and one nearer the
centromere than the other.

Fig. 4.6 shows the result in mouse 1.6.7

(an expressing mouse carrying only 1 chromosome with the inserted
transgene) - the expressed transgene has clearly integrated into the
smaller chromosome.

The results confirmed th a t there had been two separate sites of
integration in the founder mouse.

Lines of transgenic mice were

isolated which contained only one of the two chromosomes in which
the PiZ construct had integrated.

Inheritance, through subsequent

generations of mice, of the respective chromosomes conferred a
c o n s is te n t

p a tte rn

of

immunoelectrophoresis).

expression

(as

ju d g ed

by

"ro ck et"

There were no imprinting effects - the

chromosome could be transm itted through either male or the female
w ithout altering the expression of the transgene (see fig.

4 .3 ).

Lines containing only one expressing chromosome were then mated.
The non-expressing line was maintained separately but not used in
further experiments.
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Figure 4.5 FISH with FI cosmid to a metaphase
chromosome spread from mouse 1.6
(an expressing transgenic mouse
derived from PiZl ), showing the two
sites of integration.
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Figure 4.6 FISH with FI cosmid to a metaphase
chromosome spread from mouse
1.6.7 (expressing offspring of
mouse 1.6 (see fig. 4.3), showing
one site of integration.
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4 . 3 . 2 .2

Can

th e

nu m b er

of

s ite s

be

d e te rm in e d

reliab ly

with interphase nuclei?

Interphase cells were examined from the 9 mice from which good
metaphase spreads had been obtained.

In situ hybridisation to the

m etaphase spreads had unequivocally determ ined the number of
chromosomes carrying the transgene in each of the mice.

Table 4.1

shows the results of FISH analysis of the interphase cells.

It can be

seen th a t cells from mice known to have only one chromosome
carrying the transgene, usually show one signal per cell (see fig.
4 .7 a ).

However, they often do not show a signal and sometimes they

show tw o

distinct signals (see fig.

to g eth er (duplex).

4 .7 b )

or tw o

signals close

Interphase cells from th e mouse carrying 2

chromosomes with the transgene usually showed 2 signals per cell
and occasionally 3.

The signals on Interphase nuclei are erratic, probably reflecting the
stage of division of the cell.

The fa c t th a t 2 distinct signals may be

seen

mice

in

some

cells

from

which

should

only

contain

1

chromosome with inserted transgene per cell is probably due t ^ t h e
proportion of cultured lymphocyte cells which are tetraploid.
2

signals

are

seen

close

to g e th e r,

th e y

m ay

resu lt

Where
from

hybridisation of the probe to 2 chromatids of the same chromosome.
Nevertheless, by examining about 3 0 cells, it is clearly possible to
determ ine the number of chromosomes carrying the transgene from
interphase results alone.
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Table 4.1

Table showing results of FISH
to interphase cells from mice with a
known number of chromosomes
carrying the PiZ transgene.

nc

= n o t counted

(N T ) = non-transgenic

Mouse
No.

no. of signals/cell

% interphase cells with

No of

from FISH to

0

cells

dup -

1

2

3

lex

metaphase spreads

counted

FISH signals/cell
1

0

(NT)

100

100

2

0

(NT)

100

100

3

1

12

88

nc

0

0

30

4

1

48

52

nc

0

0

28

5

1

37

40

10

13

0

30

6

1

3

77

13

7

0

30

7

1

40

50

7

3

0

30

8

1

44

50

3

3

0

30

9

1

37

50

10

3

0

30

10

1

7

88

7

3

0

30

11

2

0

0

nc

81

19

100
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a) an interphase cell showing one signal

b) an interphase cell showing two signals

Figure 4.7 FISH with cosmid FI to interphase cells
from a transgenic mouse known to have
only 1chromosome carrying the PiZ
transgene.
See section 4.3.2.2 for details.
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4 .3 .Z .3 Detection of homozygotes.

An a ttem p t was made to produce mice th a t were homozygous for the
chromosome containing the expressed, integrated PiZ construct.

In

total, 31 offspring from matings between 3 male and 3 female mice
heterozygous

fo r this

immunoelectrophoresis.
their plasmas.

chromosome

were

analysed

by

"rocket"

Of these mice, 21 contained human AAT in

If the level, in heterozygous mice, of m utant human

AAT reaching the circulation from the liver was no t saturating, it
would be expected th a t 1 /3 of the expressing offspring (homozygous
for the chromosome containing the transgene) would have double the
level of human AAT in their plasmas.

However, none of them showed

any increase in the am ount of human protein.

This raised the

possiblility th a t mice th a t were homozygous for this chromosome
were not viable and died in utero.

We can calculate the probability of two hypotheses:

HI

Homozygotes are not viable and therefore 2 /3 of

are expressing (heterozygotes) and

the offspring

1 /3 are non-expressing (non-

transgenic).

H2

Hom ozygotes are viable, b u t cannot be distinguished from

heterozygotes.

Together they represent 3 / 4 of the offspring whilst

non-expressing (non-transgenic) represent 1 /4 .

The observed data exactly fits H I (2 1 /3 1

= 68% of the offspring

were expressing). There is no reason, therefore, to reject H I .
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A significance te s t of H2 is easily perform ed as follows.

The

probability of getting equal to or more extreme than th a t observed,
if H2 is true, can be calculated:

Under H2:
the probability of observing an expressing

offspring

(heterozygous or homozygous) is 3 /4

the probability of observing a non-expressing

offspring

is 1 /4

The probability of observing a certain number of offspring (k) which
are expressing out of a total number n is given by

P(k) =

n!

(3 /4 )k (1 /4 )n -l<

X

k!(n-k)!

Out of 31 offspring, approximately 23 are expected to be expressing
( 3 / 4 of total).

The probability of actually observing 23 expressing mice is:

P (23)

31!

X

(3 /4 )2 3

X

(1 /4 )8

2318!

= 0.161

P ( 2 3 ) =0.161
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Similarly, for other values of k,
P ( 2 4 ) =0.161
P ( 2 2 ) = 0 .1 3 7
P ( 2 5 ) = 0 .1 3 5

Adding these probabilities,

P (2 2 -2 5 ) = 0 .5 9 4

Therefore the probability of observing data equal to or more extreme
than 21

is 1 -P (2 2 -2 5 ) = 0 .4 0 6 ; this value is not significant and

there is no reason to reject H2.

Thus there are no grounds to reject either H I or H2.

More data would

be required to discriminate between them.

Therefore, another, more direct, approach was also used in order to
ascertain whether any of the offspring expressing human AAT were
homozygous.

FISH, using the FI cosmid, was performed on mouse

interphase cells.

From previous results it appeared likely th a t any

mice homozygous for the trangene would be detected confidently on
metaphase spreads and probably on interphases.

Interphase cells

rather than metaphase spreads were used because of the difficulty
in obtaining good metaphase spreads from mouse blood samples.

10 mice which were the offspring of two transgenic parents (each
carrying only the expressed transgene) and which had themselves
been shown to be transgenic were tested.
were examined from each mouse.

30 randomly chosen nuclei

1 0 0 interphase nuclei from a
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mouse

known

to

carry both

the

expressed

and non-expressed

transgene were included as controls.

The are data summarised in fig 4.8.

The control with two insertion

sites consistently gave a t least tw o positive signals per nucleus.
For the possibly homozygous mice a t least 2 8 nuclei from every
mouse showed 1 signal or less.

This suggested strongly th a t none of

them was in fact homozygous.
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No of cells with 2
signals/cell

heterozygous for the chromosome containing

mice from the PiZl line which w e re

the transgene w e re tested for the presence

No of cells with 1
signal/cell

of PiZ protein their plasmas. Of the

No of cells with 0
signals/cell

to determ ine whether any of them w e re

positive mice, 10 w e re analysed in order

homozygous for the chromosome containing
the transgene. The results of the in situ

30
-o

No of cells with 3
signals/cell

hybridisation w ith Wotin labelled FI cosmid DNA to inter phase spreads of culture
lymphocytes from these mice are shown. Approxim ately 3 0 cultured lym phocyte cells

20

from each mouse w e re analysed.

10

The control shows s im ilarly analysed cells from a

mouse w ith tw o chromosomes carryin g the transgene ( one expressing chromosome

0

and one non-expressing).

ro

3

4

5

6

7

8

9

10

Mouse analysed

Figure 4.8
PiZl

R e s u l t s of in s i t u

Contr ol

h y b r i d i s a t i o n analysis of

i n t e r c r o s s o f f s p r in g which are p o t e n t i a l l y

homozygous

for the c h r o m o s o m e c a rr y in g the e x p r e s s e d

i n t e g r a t e d Pi Z c o n s t r u c t .

Again two hypotheses may explain the observed data :

H I Homozygotes are not viable.

Thus all the expressing offspring

are heterozygotes.

H2 Homozygotes are viable.
are homozygotes whilst 2 /3

Thus 1 /3 of the

expressing offspring

are heterozygotes.

It is possible to calculate the significance level under H2, of finding
0

hom ozygotes

ou t

of

10

expressing

offspring

using

similar

calculations to those above:

P (1,2,3|4,5 or 6 out of 10) = 0 .9 6 4

So under H2, 9 6.4% observations should reveal 1-6 homozygotes out
of 10.

There were no homozygotes.

The data ( 0 homozygotes) is highly

significant and therefore H2 can be rejected.

Since the data is consistent with HI (in the absence of alternative
explanations) it seems th a t mice which are homozygous for the
chromosome carrying the PiZ construct are probably not viable.
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4 .3 .2 .4

Identification of mouse chromosome carrying the

expressed transgene.

A fte r in situ

hybridisation was performed, the mouse metaphase

cells were counter-stained with propidium iodide and DAPI.

With

human chromosomes this gives an R-band pattern which can be
enhanced by adding bromodeoxyuridine (BRDU) for the last 5 hours in
culture (Cherif e t al. 1 9 9 0 ).

This was done for the last 4 hours of

the cultured spleen cells from mouse 1.6 giving an R-banded pattern
of sorts.

A hint of R-banding was also obtained in the blood cultures

w ithout BRDU, and with an appropriate filter, G-banding produced by
DAPI

could

som etim es

be

seen.

This

allowed

a

te n ta tiv e

identification of the mouse chromosomes carrying the integrated
human FI DNA, but confirmation was needed using previously mapped
mouse cosmids for selected chromosomes.

Since the expressing

human DNA appeared to be integrated into mouse chromosome

5

quite near the centrom ere, it was decided to run a double FISH
experiment using the FI probe and a cosmid ( 2 1 /6 ) known to map to
the telomeric region of mouse chromosome 5

(kindly supplied by Dr

D. Stephenson).

Figure 4 .9 shows a metaphase cell from mouse 1.6 whose cells
contain one chromosome with expressed FI DNA and one chromosome
with the non-expressed FI DNA.
signals

generated

by the

Large arrows in the figure point to

probe

FI

w hilst the

indicate the signals generated by the probe 2 1 /6 .
th e

expressed

FI

DNA

sequence
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It can be seen th at

co-localises

chromosomes identified by the probe 2 1 /6 .

smaller arrows

to

one

of

the

It is therefore clear th at

the expressed transgene is located on chromosome 5.
on the chromosome is in the region A3/B.
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The position

Figure 4.9 FISH with cosmids FI and 2 1 /6 to
a metaphase spread from mouse
16

..

Large arrow indicates signal from cosmid FI.
Small arrow indicates signal from cosmid 21/6
(chromosome 5 specific probe).

See section 4.3.2.4 for details
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4.3.2.5 Discussion.

FISH is a valid method for examining the number and position of
transgenes, expecially in m etaphase chromosome spreads.
technique

has confirmed th a t there were

two

The

original sites of

insertion and th a t expressed gene is inserted on chromosome 5
(region A 3 /B ).

Preliminary data suggested th a t homozygotes are not

obtained and may not be viable.
for this transgene are

If it is indeed true th at homozygotes

not obtained

there

are several possible

explanations.

One is th a t the actual production or accumulation of human PiZ.
protein is deleterious.

Although this cannot be entirely ruled out, it

seems unlikely, because the circulating level of human AAT in the
heterozygous mice is less than half th a t of other viable transgenic
mice generated by others (Dycaico e t a/., 1988; Carlson e t a/., 1 9 8 9 ).
Although the circulating level need not reflect the amount of protein
trapped in the hepatocytes the histological studies on the PiZl mice
(described in section 4 .3 .3 .4 ) suggest th a t they are not accumulating
exceptional amounts of protein.

The m ost likely explanation for the apparent lack of homozygotes
would be th a t the insertion has damaged an im portant gene in the
mouse.

There

have

been

many

reported

examples

phenomena (recently reviewed by Meisler ( 1 9 9 2 ) )

One line of PiZ

mice produced by Dycaico was also found not to
hom ozygotes (Geller e t a/., 1 9 9 0 ).
homozygosity for PiZ.

of similar

give rise to

The authors attributed this to

However, the clinical phenotype of the mice -

failure to thrive - is not the predominant clinical feature of the
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human

disease.

These

mice

will

be

referred

to

la te r

in

the

discussion (Chapter 5).

Examination

of

the

published

map

of

region

A 3 /B

of

mouse

chromosome 5 does not reveal any classical mutations which the
insertional mutation in the PiZl line may complement.

By crossing

heterozygous transgenic mice and sacrificing females a t various
stages of pregnancy, it may be possible to establish a phenotype
associated with the disruption.
and identify the disrupted gene.

There may be several ways to clone
One might involve isolating mouse

DNA flanking the insertion site by screening a genomic library made
from the transgenic mouse, and using the transgene as a probe.

The

wild type allele could then be isolated by screening a mouse genomic
library with a probe from the flanking sequence.
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4 .3 .3 Characterisation of PiM and PiZ lines.

4 .3 .3 .1 Transcriptional analysis.

This work was carried out In the laboratory of Dr. Marco Trlpodl, "La
Saplenza", Rome.

The level of human AAT mRNA was determ ined In a number of
transgenic mouse lines containing either PiM or PIZ gene constructs.
Figure 4 .1 0 a shows

Northern blot analysis of total liver RNA from

four PIZ lines (P iZ l, Pi Z I I , PiZ21 and PiZ24) compared to M l 7 and a
non transgenic mouse.

The PiZl

London and taken to Rome.
AAT cDNA probe.

total liver RNA was prepared in

The blot was hybridised with a human

It can be seen th a t the level of human AAT mRNA

in PiZl is equivalent to the level in the M line, whereas In PIZ21 and
PIZ24 the level Is approximately one quarter.
detectable expression of the transgene.

In PIZ11 there Is no

With the conditions used,

the human AAT cDNA probe does not cross hybridise to mouse AAT
mRNA.

The filter was stripped of probe and rehybrldlsed with a

mouse beta actin cDNA probe In order to normalise the loading of
RNA In each track (see fig.

4 .1 0 b ).

A fter normalisation with respect

to M l 7, it can be seen th a t PiZ21 and PiZ 24, each have 0.1 times the
level of human AAT mRNA, whilst PIZI
PiZl 1 has no detectable human AAT mRNA.
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has an equivalent level.

a) probed with human AAT
cDNA

b) probed with mouse beta
actin cDNA

Ml 7

WT

Zn

221

224

21

WT

= non transgenic mouse

Densitometry (perform ed on autorad with shorter exposure):
fo r a)

M 17

211
221
224

21

41000
=11300
= 7300
=88000

WT

for b)

Ml 7 = 2 0 5 0 0 0
211 = 2 5 7 0 0 0
221 = 4 2 4 0 0 0
224 = 3 4 3 0 0 0
21 = 4 2 8 0 0 0
WT = 2 4 5 0 0 0

Ratio
1
1.25
2 .0 6
1 .6 7
2 .0 8

1.20

Figure 4.10 Northern blot analysis of the relative
level of human AAT mRNA in five
transgenic mouse lines.
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4 .3 .3 .2 Quantitation of secreted AAT.

Figure

4.11 shows a "rocket" immunoelectrophoresis gel o f a serial

dilution of human plasma from a homozygous M l

individual and

compares this with the level of human AAT protein in the plasma of
lines of transgenic mice bearing the human M and Z constructs.

Mice

from line M l 7 have the same level of circulating human AAT protein
as the human homozygous M l individual.

The level of circulating

protein in Z lines PIZ21, PIZ24 and PiZI is significantly lower than
in the

human

homozygous

PIMM

individual.

approximately 1 /3 0 , 1 / 3 5 and 1 / 8 respectively.
AAT detectable in the plasma of Z line PiZI 1.

The

am ount is

There is no human
The lane loaded with

non transgenic mouse plasma demonstrates th a t mouse AAT is not
detected with this system.

The level of plasma human AAT was also quantitated, using "rocket"
immunoelectrophoresis, in other available PiM lines (W T 1 6, W T14,
A T I 6 and A T 3 9) in addition to M l 7 ( see fig. 4 .1 2 ).
of human plasma from a homozygous M l

A serial dilution

individual was used as a

control.

Compared with the control homozygous M l individual, the

level

circulating

of

significantly

g reater

human

AAT

in

(approxim ately

re s p e c tiv e ly ),

w hereas

in

a p p ro x im a te ly

e q u iv a len t.

th e

lines
8

and

M l7

and

The

approximately 3 times lower levels.
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WT16

ATI 6
16

and

tim es

WT14
lin e,

A T 39
the

lines

how ever,

is

level
it

is
has

M

M

M

_L
15

JL
30

J.
60

M17

zn

Z1

Z24

Z1

J.

WT
dilutions

15

J.
2

M

= plasma from human homozygous Ml Ml individual

WT

= plasma from non transgenic mouse

Figure 4.11 "Rocket" Immunoelectrophoresis, using
goat anti human AAT, of plasma from
4 PiZ transgenic lines.
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M

M

15

J.
30

M

60

1

2

3

4

5

WT

J.
120

240

15

J.
15

J_
15

JL
2

M
= plasma from human homozygous Ml Ml individual
WT = plasma from non transgenic mouse
1
2
3
4
5

= plasma from ATI 6
=
' AT39
=
'
' M17
=
’ WT14
=
'
' W T16

Figure 4.12 "Rocket" Immunoelectrophoresis,
using goat anti-human AAT antibody,
of plasma from 5 transgenic PiM lines.
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If the level of circulating AAT in humans homozygous for the PiM
allele is 2m g /m l, the level of human AAT circulating in each of the
transgenic mouse lines can be estimated:

ATI 6

16 mg/ml

PiZl

0.25 mg/ml

ATS 9

32 mg/ml

P iZ II

0 .0 0 mg/ml

Ml 7

2 mg/ml

PiZ21

0 .0 6 mg/ml

W T14

2 mg/ml

PiZ24

0 .0 6 mg/ml

W T16

0 .6 mg/ml

4 .3 .3 .S lEF analysis o f the secreted AAT.

Apart from whether it accumulated in the liver, it was im portant to
determine whether the physiological treatm en t of the Z protein was
similar in the

mouse to

th a t in humans.

Therefore th e

post-

translational processing in the mouse of the human AAT protein was
investigated by carrying out lEF followed by Western blotting.

Before human plasma samples are electrophoresed for lEF analysis
of AAT phenotype, they are usually treated with DTT and lAA to
remove cysteine bonds (Whitehouse e t a /.,1 9 8 9 b ).

Plasma samples

from transgenic M and Z mice when similarly treated and subjected
to lEF, showed a different pattern of bands to th a t seen in plasma
from M and Z humans.

The transgenic mouse and human samples,

along with a non-transgenic mouse control,

were then treated with

neuraminidase, in addition to DTT and lAA, in order to remove some
of the sialic acid residues.

When lEF was carried out, this time

using a more basic gradient, it became apparent th a t the processing
was similar in mouse and humans (see fig 4 .1 3 ).
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The

goat

anti-hum an

AAT

antibody

was

incubated

w ith

non-

transgenic mouse plasma in order to reduce the cross reactivity
between mouse and human AAT proteins.

It was not possible to

eliminate all of the cross reactivity between human and mouse AAT
(see lane 8, which is plasma from a non-transgenic mouse and shows
several bands).

However, if the bands in lane 8 are subtracted from

the bands in the other lanes containing plasma from transgenic mice,
it is possible to determine amongst the other bands, those th a t are
specific for human AAT.

Thus in the case of lane 4 (plasma from a

non-expressing Z mouse) the only bands correspond to those in lane 8
(non transgenic).

Lanes 5-7 (which contain plasma from expressing

Z mice) clearly show an extra band.

This band can also be seen in

lane 3 (plasma from a PiZZ homozygous human individual).
minor band can be seen in lane 3.

Another

However, it is not possible to

determine whether it is also present in the transgenic mouse plasma
samples because it is in the same position as one of the mouse bands
and would be obscured.

Nevertheless, it appears th a t the human Z

protein is similarly processed in the mouse.

Although it could be

argued th a t complex changes in processing of the protein might not
have been revealed, lanes 1 (plasma from a homozygous M individual)
and 2 (plasma from a transgenic M mouse) show th a t the complex
pattern of processing of the M protein is maintained in the mice.
This supports the notion th a t any more complex processing of the Z
protein in the mice would have been detected by this system.

It is clear th at, apart from some sialic acid residue differences, the
protein products of the M and Z gene constructs are virtually
indistinguishable in the mouse from their human counterparts.
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Cathode

Anode

1

1

2

J.
15

15

3

4

5

6

7

J.

J.
5

-1

J.
5

J.
5

10

5

8
J.
5

dilutions

plasma from human homozygous Ml Ml individual

2

'

' PiM transgenic mouse (PiM 17)

3

'

' human homozygous PiZZ individual

4

'

' non-expressing PiZ transgenic mouse (PiZ 11)

5
6
7

'
'
'

' expressing PiZ transgenic mouse (P iZZl)
' expressing PiZ transgenic mouse (PiZ24)
' expressing PiZ transgenic mouse (PiZ 1)

8

'

' non-transgenic mouse

Figure 4.13 Immunodetection of AAT, using goat
anti-human AAT antibody, after lEF of
plasma from transgenic PiM and PiZ
lines (see text - section 4.3.4.3) .
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4.3.S.4 Histological analysis of transgenic mice.

Livers from mice of various ages from all the PiM and PiZ lines,
together with appropriate nontransgenic controls, were sent to Dr. P.
McCullagh

and

Dr.

H.

M illward-Sadler

at

Southam pton

Hospital and Dr. C. della Rocca a t La Sapienza, Rome.
still

in

progress,

but

prelim inary

histopathological

General

This work is
analysis

is

presented in Tables 4.2 and 4.3.

A)

Mice analysed by Dr. P. McCullagh and Dr. H. MillwardSadler.

Human AAT was detected immunohistochemically in the hepatocytes
of all the PiM and PiZ mice analysed by Dr. P. McCullagh and Dr. H.
Millward-Sadler (see Table 4 .2 ).

Although the rabbit anti-human

AAT antibody th a t was used had cross-reactivity with mouse AAT,
this protein was not d e te c te d
livers.

in normal non-transgenic mouse

However, it was possible th a t the accumulation of human

AAT within the hepatocytes of the transgenic mice might also have
resulted in the accumulation of the endogenous AAT protein.

Thus

the anti-human AAT antibody was first incubated with mouse serum
to eliminate cross-reactivity with mouse AAT (see fig. 4 .1 4 ).

The

immunoperoxidase technique, rather than dPAS, was used because, it
was much more sensitive.

Endogenous peroxidase was inhibited by

treating the sections with hydrogen peroxide.

Sections th a t had not

been incubated with rabbit anti-human AAT antibody were used as
negative controls for the immunoperoxidase staining.
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There was a diffuse cytoplasmic distribution of human AAT within
all the hepatocytes. The intensity of staining seemed to increase
with the level of AAT being produced and also with age of the mouse.
Surprisingly, the intensity of staining in liver of the 11 month old
PiZI mouse did not follow the trend and was lower than th a t of the
6 .5

m onth

old

PiZI

mouse

liver.

The

d istrib ution

of

the

immunohistochemical staining was not homogeneous, and appeared
to be greater in both perivenular and periportal areas (see fig.

4 .1 5 ).

In all but two of the transgenic mice examined, in addition to the
diffuse cytoplasmic distribution of human AAT, there was a globular
staining in a proportion of hepatocytes (see fig.

4 .1 6 ).

One PiZ

mouse and one PiM mouse showed large nuclear inclusions of human
AAT in some of their hepatocytes (see fig. 4 .1 7 ).

The livers from all the PiM and PiZ mice showed mild pleomorphism
(variation in size of nuclei or binucleate form s).

Liver sections

from the older PiZI mice and the older PiM mice contained some foci
of chronic inflammation (see fig.

4 .1 8 ).

Fatty change was seen in

the livers of two PiM mice (see figures 4 . 1 6 and 4 .1 7 ), indicating
th a t the liver was under stress.

There was no indication of fibrosis

or cirrhosis in any of the mice.
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Table 4.2 Results of histopathological analysis by
P. McCullagh and H. Millward-Sadler.

“O

LINE

Level of human AAT
in plasma (m g /m l).

Age
(months)

Staining

Globules

Nudear
indusions

Pleomorphism

Necrosis

Fatty changes

NT
Z1
Z1
Z1
Z1
Z1
W T16
WT14
ATI 6
AT39

0
0.25

4
4
4
6.5
8.5
11
6
25
15
12.5

0
1
1
4
5
3
0.5
8
9
10

0
+
+
++
++
++
0
++
++
++

0
0
0
0
+
0
0
0
+
0

0
+
+
+
+
+
+
+
+
+

0
0
0
0
+
++
0
+++
+
+

0
0
0
0
0
0
0
0
+
+

0.25
0.25

0.25
0.25
0.6

2.0
16
32

Û)

CQ
(D

r\)

cn

Key

LO
Staining

Number indicates the relative intensity of immunoperoxidase staining of cytoplasm using anti-human AAT antibody

Globules

+
++

= occasionally observed AAT ÿobules
= frequently observed AAT globules

Nuclear inclusions

+

= occasionally observed AAT inclusion bodies

Pleomorphism

+

= mild pleomorphism (variation in nuclear size and chromatin pattern with some binucleate forms)

Necrosis

+
++
+++

= occasional fod of chronic inflammation
= fod of chronic inflammation
= fod of chronic and acute inflammation

Fatty change

presence of globules of fat within the hepatocytes

Table 4.3 Results of histopathological analysis by
C. della Rocca.
(a ) Lines produced and housed in Rome

TJ

CO
CQ
CD

r\)

(T)
O

LINE

level of hum an A.AiT
in plasma (m g m l)

age
(m onths)

pleomorphism dysplasia

necrosis

NT
NT
NT
NT
NT
NT

0
0
0
0
0

16
16
16
16
10
10

J.

0
0

Z21
Z21
Z21
Z21
Z21
Z21
Z 24
Z24
Z24
Z 24
Z24
Z 24
Z21
Z21
Z21
Z24
Z24
Z 24
Z24
Z21
Z21
Z21
Z21

0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6
0 .0 6

22
22
18
18
18
17
17
16
16
16
16
16
12
10
10
10
6
6
6
2
2
2
2

M 17
M 17

2 .0
2 .0

17

0

10

0

+

0
+
4.+

0
++
++
++

+
+
+
+
+
+■+
+
+
++
0
+
0
+
+
+
0
0
f

+
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
+
0
0
0
0
0
0
0
0
0
0
0

nuclear
inclusion

+

0
0
0
0
0
0

+

0
0

0

+

+

+

0
0
++
0
0
0
0
0
0
0
+
0
+
0
+
0
+
0
0
0

*

0

+

+
++
+
++
0
0
0
0
+
+
+
0
0
0
0
+
0

kupffer
cells

nt
fig

0

0
0

+

+

0

0
0

+

+

+
+
+
+
++
+
0
+
+
+
0
0
+
0
+
+
+
+
+

-f

+
+
++

+
+

+

+
+
+
+
+
0
+
++
0
++
+
++
+
+
++
++

+

+

+

++
4.

(b) Lines produced and housed in London.

■n
Û)
CQ
CD

ro
CD

LINE

lev el o f human .AAT
in plasma (mg m l)

.\ge
(months)

Z1
Z1
Z1
Z1
Z1
Z1
Z1
Z1
Z1
Z1
Z1
Z1
Z1
Z1

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

13
9
8

w n rie
W T16

0 .6
0 .6

W T14
VVT14

pleomorphism

dvsplasia

nee rosis

nuclear
inclusion

*

+

+

+

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
+
+
+
0
0
0
0
0
0
0
0

16
9

++
+

T
0

40

0
0

2.0
2.0

18
9

*

+
0

0
0

0

A T16
ATI 6
A T16

16
16
16

9
8
5

0
0
0

0
0
0

0
0
0

0
0
0

AT39
AT39
AT 3 9
A T39

32
32
32
32

9
6
2
2

+

0
0
0
0

4-

0
0
0

5
1
I
1
1
3
3
3
3

+

*
+
+
0

4
4
4
4

+
+
+

4- +

ft
0
+

4+

*

kupffer
cells

mitotic
figu res
4.

+

+
+
+
+
+

-4-

4- +

4-

4-

4-

4444

+

4

+

~

4-

4

+

4

+

4

0

0

4.

~

+
4-

0

4

.p

+

+
+

+

4

+

4

+

44-

+

+

Key

TJ
0)

CQ
CD

ro

(D
ro

Pleomorphism

mild (some variation in nuclear size and chromatin pattern w ith some binucleate forms)
moderate (significant variation in nuclear size and chromatin pattern with some binucleate forms)

D>splasia

v ariation m intensity o f nuclear staining

Necrosis

occasional foci of chronic inflam m ation
foci o f chronic inflammation

Nuclear inclusion

occasionally observed .A.\T inclusion body
commonly observed AAT inclusion body

Kupffer cells

occasionally observed Kupffer cells
commonly observed Kupffer cells

Mitotic figures

occasionally observed cell division
commonly observed cell division

Figure 4.14 Section of liver from a non
transgenic C57BL/6 CBA mouse
aged 4 months. Immunoperoxidase
staining for human AAT Is negative.
The antibody had been pre-lncubated
with mouse serum. (Magnification
X 250).
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portal tra c t

terminal hepatic vein

Figure 4.15 Section of liver from a PiZI mouse
aged 4 months showing periportal
and perivenular accentuation of
cytoplasmic human AAT - stained
brown. (Anti-human AAT immuno
peroxidase staining, magnification
xlOO).
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»
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«

«

»

-4%. . -

•

H-

-

Figure 4.16 Section of liver from a PiM mouse
(line ATI 6) aged 15 months showing
fatty changes as well as dark brown
cytoplasmic globules of human AAT
in hepatocytes around the terminal
hepatic vein. (Anti-human AAT
immunoperoxidase staining,
magnification x 250).
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Figure 4.17 Section of liver from a PiM mouse
(line ATI 6) aged 15 months containing
a large nuclear inclusion of human AAT
and showing fatty change. (Anti-human
AAT immunoperoxidase staining,
magnification x 400).

Page 266

.
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■
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Figure 4.18 Section of liver from a PIZI mouse
aged 8.5 months. A large area of focal
necrosis - small dark blue mono
nuclear inflammatory cells surrounding
dead or dying hepatocytes - can be
seen towards the right of the section.
(Haemotoxylln and eosin, magnification
X 250).

Page 267

B)

Mice analysed by Dr. C. della Rocca.

Dr. C. della Rocca analysed the histopathology of livers both from
PiM and PIZ mice produced in Rome (see table 4 .3 a ) and those
produced in London (see table 4.3b).

Analysis of liver sections from non-transgenic mice show th a t some
pathological features

(pleomorphism, necrosis, kupffer cells and

m itotic figures) may be found in mice aged between 1 0 -1 6 months.
However, analysis of liver sections from the PiZ lines Z21 and Z24
(both producing low levels of the protein) and the PiM line. M l 7,
showed th a t nuclear inclusions were present.

Kupffer cells and

m itotic figures were also more prevalent in the transgenic mice.
Although

th e re

seems

to

be

a

general

increase

w ith

age

in

pathological features In liver sections from the PiZ lines, there is
not much difference between PiZ, PiM, and non-transgenic mice aged
between 1 0 -1 6 months.
pathological

featu res

It is possible th a t the small increase in

in the

older

PiZ mice

may

be

no

more

pronounced than in non-transgenic mice of similar ages and th a t
these may be due to the normal ageing process.

Analysis

of

liver

sections

from

the

PIZ

line,

P iZ I,

shows

a

significant increase in pathological features when compared to mice
of similar ages from PiZ lines Z21

and Z 24.

The results show a

virtually consistent increase in pathology with age up to 13 months.
Although dysplasia was seen in the oldest mouse, not a single case
of fibrosis or cirrhosis was seen
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With the exception of line, A T 39, all the liver sections from the
other PiM lines show sporadic pathological features in the older
mice.

Liver sections from A T 3 9, which is producing 3 2 m g/m l of

human AAT in the serum did , however, show a consistent, but mild
pathology from an early age.

4.4 DISCUSSION.

4.4.1 The transgenic mouse model of PIZ related liver
disease.
In situ

hybridisation analysis of mice from the PiZI

line showed

th a t the human gene construct had integrated into two sites on
separate chromosomes in the founder mouse.

Lines of mice were

established which contained only one of the tw o chromosomes.
"Rocket"

Immunoelectrophoresis

revealed

th a t only one of the

chromosomes was expressing the human PiZ gene.

Mice which were

heterozygous for this chromosome (b u t not containing the other
chromosome) were crossed with each other in an a ttem p t to produce
offspring th a t were homozygous with respect to it.
were

No homozygotes

found a fte r a statistically significant number o f offspring

were examined, leading to the conclusion th a t they were nonviable
and die in utero. Dycaico e t al. (1 9 8 8 ) and Carlson a t al. (1 9 8 9 ) have
reported mice bearing human PiZ gene constructs which have more
than twice the level of circulating human AAT than heterozygous
PiZI mice (0 .6 m g/ml and 0.7 m g/m l respectively).

Thus it seems

more likely th a t mice which are homozygous for this chromosome
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are nonviable because the transgene has disrupted a developmentaliy
im portant gene, rather than because two copies of the chromosome
results

in

lethal

levels

of

th e

PiZ

protein.

The

disrupted

chromosome has been identified, using a double FISH experiment, as
mouse chromosome
disrupted gene.

5.

Studies

are

underway to

identify the

Initially, embryos a t various stages of development,

from matings between mice heterozygous for the disrupted gene will
be examined for morphological abnormalities.

PiZI mice were compared with PiZ mice from lines produced in Rome
with the same construct, and with mice from various PiM lines.

The

comparative levels of AAT mRNA in the three expressing PiZ lines
and the PiM line. M l 7, were determined by Northern blot analysis
a fte r normalising the loading of RNA by hybridisation with a beta
actin probe.

These levels can be compared with the levels of human

AAT protein found in the respective plasmas.

Approximately 20% of

the level of human PiZ protein was found compared to human PiM
protein after normalising the level of human AAT mRNA.

Thus the

m utant PiZ protein must either accumulate or be degraded within the
livers of these transgenic mice.

Within the range of PiZ gene

expression in the transgenic mice lines analysed, the degree of
accum ulation/degradation
amount of expression.

of PiZ protein

is proportional

to

the

In humans, individuals homozygous for the

PiZ allele have between 1 0 -1 5 % of the normal levels of circulating
AAT.

Thus mice are able to transport the m utant PiZ protein from

the liver into the circulation with slightly greater efficiency than
humans.

The level of circulating PiZ protein in the mice was roughly

equivalent to th a t in a human homozygous PiZZ individual (0 .2 5
mg/ml compared with that of 0.2 -0 .3 mg/ml in humans).
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Using lEF analysis, it has been demonstrated th a t the PiZ and PiM
proteins

are

processed

in

mice

respective proteins in humans.

in

a com parable

way

to

the

This provides additional evidence,

th a t a transgenic mouse model may be a useful system with which to
study the liver disease associated with AAT.

Histological analysis of livers from PiZ lines showed th a t human
AAT does accumulate in mouse hepatocytes in a similar fashion to
th a t

in human

PiZZ individuals

The

level

of

dependent upon age and level of AAT production.

accumulation

is

Globules of human

AAT can be seen in the hepatocytes of mice from the PiZI line at the
age of 4 months.

Accumulated globules of AAT in the hepatocytes of

mice from PiM lines was also observed.

However, these mice were

either much older or were producing very high levels of the PiM
protein.

Although it may be worth noting th a t the human AAT was

concentrated in periportal and perivenular zones, the significance of
this is not clear.

Figure 4 .1 9 shows cirrhosis in the liver of a human PiZZ individual.
The histopathology seen in the livers of PiZ mice suggests th a t there
is some damage to the hepatocytes which seems to be proportional
to age and level of PiZ protein production.

However, the pathological

changes are minor when compared to th a t in humans. There was no
evidence

of

cirrhosis

or

even

fibrosis

in

any

of

th e

mice.

Furthermore, when mice bearing human PiM genes were analysed, it
was seen th a t mice producing very high levels of PiM protein may
develop mild liver damage, similar to some of the PiZ mice.
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The histopathological analysis was carried out on a relatively small
number of mice.

Furtherm ore,

because th e re

may have been

differences in housing conditions, transgenic mice kept in Rome and
London were not compared directly.

Livers from additional mice, of

various ages from

the

PiZI and A T39 lineswill be analysed byC.

della Rocca along

with

age matched controls.

needed to confirm

our

preliminary findings.Meanwhile, it may be

worth considering

the

analysis of PiM andPiZ mice, produced by

other groups.
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The results willbe

Figure 4.19 Liver section from a human PiZZ
individual aged 27 years, showing
cirrhosis with a band of abnormal
fibrosis through the centre. The
hepatocytes on each side contain
globules of AAT. (Anti-human AAT
immunoperoxidase staining,
magnification x 100).
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4 .4 .2 O ther transgenic mouse models of PiZ related liver
disease.

A tte m p ts

have been made by tw o d iffere n t groups to

produce

transgenic mouse models of the liver disease associated with the
AAT Z variant.

The first was by Dycaico e t al.

(1 9 8 8 ) and the

second by Carlson e t ai. (1 9 8 9 ).

A ) Mouse model by Dycaico e t a L

Dycaico e t al.

(1 9 8 8 ) introduced 21 kb human AAT M and Z gene

constructs, which differed only by the Z mutation, into fertilized F2
mouse embryos derived by crossing FI C 57B L /6 x DBA/2J or CBA
mice.

Lines from four founder transgenic mice (M l , M2, Z1 and Z2)

were analysed.

Although the level of human AAT mRNA was higher in

the Z2 line than in the M2 line, more human AAT protein was
detected in the plasma of the latter.

The levels of human protein in

the various lines were: M l 7 m g/m l; M2 2 m g/ml; Z1 0 .3 m g/m l; Z2
0 .6 m g/m l.

In comparison, a human homozygous PiMM individual has

around 2 m g/m l of AAT in the plasma, whereas a PiZZ individual has
between 10-15% of this level (0 .2 -0 .3 m g/m l).

Histochemical staining, using dPAS, of liver sections from M l

and

M2 and Z1 mice up to 3.5 months old revealed, intracytoplasmic
granules, but not globules, containing human AAT.

Again, staining

with anti-human AAT antibodies revealed finely granular deposits of
human AAT, but there were no large globules.

Liver sections from Z1

mice histologically resembled sections from the M mice.
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However,

there were some differences.

The hepatocytes of the Z mice were

larger and binucleate cells were more frequently observed.

Histochemical analysis of liver sections from Z2 mice up to 3.5
months old revealed human AAT globules distending the hepatocytes.
The globules could be found in any part of the liver acinus.

They

were mostly intracellular, but a few extruded into the sinusoidal
space.

Sometimes this was associated with a polymorphonuclear

leukocyte infiltrate.

The globules were very similar to those seen in

liver sections from human PiZZ individuals.
was more intense than in humans.

However, the staining

Microabcesses (containing

polymorphonuclear leukocytes and extracellular AAT m aterial) were
also observed, as were irregular foci of liver cell necrosis and the
formation of microcystic areas.
mice within this age range.

Fibrosis was not seen in livers of

Nodular expansions of the liver plate

consisting of clusters of altered hepatocytes lacking human AAT (as
revealed by dPAS or antibodies) were also noted.
hep ato cytes

included

binucleate

forms,

Changes to these

m itoses

and

dysplasia.

These changes were more prevalent in the older mice (3.5 months).

Mice from the M and Z lines were also analysed up to the age of 12.5
months (Geller e t a/., 1 9 9 0 ).

There were no significant differences

in liver histology between young and old mice of any line except
with respect to presence of human AAT in the hepatocytes of Z2
mice.

The number of cells without human AAT (as detected by dPAS

and antibody) were more abundant in livers of older Z2 mice.

Z2

mice aged 9 months or over contained hepatocytes which were
m ostly human AAT-negative.

Scattered clusters of human AAT
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containing cells were most prominent in the parenchyma adjacent to
the terminal hepatic vein and the periportal area.

Evidence of cholestasis, cirrhosis or hepatocellular carcinoma was
not seen in any of the liver sections studied.

However, mild fibrosis

was seen in 2 /4 mice aged 9 months or more.

Mice from all the lines were tested for mouse hepatitis virus (MHV)
and found to be negative.

Dycaico

e t al.

(1 9 8 8 and 1 9 8 9 ) reported th a t there was some

heterogeneity in the weight of transgenic offspring of Z2 mice some

of the

litte rm a te s ).

pups were
Since

runts (up to

the

mice were n o t

existed th a t genetic loci,

other than the

responsible for this variation.

50%

smaller than

inbred,

the

their

possibility

human Z gene may be

Z2 mice were backcrossed for up to 4

generations to the parental inbred strains (C 5 7 B L /6 J , CBA and
D B A /2J). There was an obvious difference in growth retardation in
the

d iffe re n t backcrossed

lineages

and these

differences

were

apparent in the first generation backcross (Dycaico e t a/., 1 9 8 9 ).

Transgenic offspring of Z2 intercrosses were between 6 0 -7 0 % of
normal weight at 15 days, 50% at 30 days, but a t 7 0 days old they
had recovered to become 75% of normal weight.

There was no

difference in size between transgenic and nontransgenic offspring of
the CBA backcross.

However, transgenic offspring of the C57BI_yG

backcross were 70% smaller than non transgenic litterm ates a t 30
days.

The m ost pronounced differences in size, however, were
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betw een

the

offspring

of

the

D B A /2J

backcross

w ith

w eight

differences of 50% at 30 days.

Dycaico e t aL (1 9 8 8 and 1 9 8 9 ) and Geller a t a i

(1 9 9 0 ) suggest that

one of their transgenic mice lines bearing the PiZ gene (Z 2 ) may
represent a mouse model of the neonatal liver disease associated
with the PiZ variant.

They point to the fact th a t in the livers of

mice from this line there is accumulation of PiZ protein and signs of
inflammation and fibrosis.

Furthermore, the runting observed was

suggested to be analagous to PiZZ infants with liver disease being
small for gestational age.

Although mice from the Z1 line did not

show the same signs of liver pathology or runting as those from line
Z2, it was suggested th a t this may be because the Z1 mice were
expressing

less human PiZ protein

accum ulated

AAT

in these

(th e re

livers).

One

were

no globules of

explanation

th a t was

proposed for the lack of AAT in the hepatocytes of older Z2 mice is
th a t there might be selection for and clonal expansion of cells which
do not express the AAT gene (Geller a t aL 1 9 9 0 ).

The authors also suggested th a t the results of the backcrosses
implied th a t a secondary locus (or loci) could also be involved
producing

runting

(in

conjunction

with

the

e ffe c ts

of the

PiZ

protein).

Their initial findings suggested one major gene acting in a

dominant fashion with the gene showing greater effects in DBA than
in C57BL/6.

An intercross of heterozygous Z2 mice resulted in litters of fewer
pups than average (6 -8 ) and there was also a high incidence of pups

Page 277

dying within 2 weeks of birth.

However, they were unable to find

any mice homozygous for the PiZ gene.

B) Mouse model developed by Carlson e t at.

Details of the sizes of human AAT M and Z gene constructs used to
produce the transgenic mice analysed in this model were not given.
Six independent lines carrying either the M or Z gene were analysed:
Z1 (0 .4 m g/m l human AAT in plasma) ; Z 1 1 (0 .7 m g/m l) Z6 (0.1
m g/ml); M2 (4 mg/ml); M3 (6 .4 mg/ml; MS (2 .4 m g/m l).

Electron microscopy revealed PiZ protein accumulation in the ER.
However, it was not stated whether human AAT was also seen in the
ER of M mice.

The histopathology of M and Z mice (betw een the ages of 6 -2 0
months) was in general very similar to th a t of their transgenic
counterparts produced by Dycaico a t a!..

Mice from all the Z lines

showed some signs of liver pathology (ie multiple small foci of
necrosis, panlobular globules of human AAT distending hepatocytes).
The pathology was seen to be more severe in the Z lines which
expressed more of the m utant protein.
pathology in the livers of M mice.

There was no evidence of

Only 3 /8 4 of these animals had

globules of human AAT In their hepatocytes.

There was mild and

infrequent fibrosis in some of the Z mice, but there was no evidence
of cirrhosis or hepatocellular carcinoma.

The only instance of

cholestasis was seen in the liver of a control non transgenic mouse.
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Although some of the mice showed evidence of MHV infection, this
did not make any difference to the severity of pathological features
within the liver.

4.4.3 Comparison of all the transgenic mouse models of
PiZ related liver disease.
Except for the runting and change in accumulation of human AAT in
mice from the Z2 line of Dycaico e t a/., all the models appear to be
quite similar.

There is only mild pathology in the PiZ mice which

increases with age and the amount of PiZ protein th a t is being
produced

and

accumulated

in the

iiver.

The

m ost significant

differences involve those between the lines of PiM mice examined.
Two of the PiM lines, A T39 and A T I 6, which were analysed in this
project are producing such high levels of the normal PiM protein th at
it

accum ulates

as globules within

the

liver.

The

pathological

features seen in the livers of mice from the line A T 3 9 , which
produces the highest level of AAT, are quite different to those of the
other PiM lines examined.

Indeed they seem more similar to lines of

PiZ mice which have high levels of accumulated PiZ protein.

Liver disease in humans associated with the PiZ variant may arise
from a t least two different mechanisms.

Whilst it is possible th a t

the accumulation of insoluble Z protein in hepatocytes causes liver
dam age

w ith

age,

the

attributable to this alone.

etiology

of

Juvenile

cirrhosis

is

not

Very young babies have liver disease

without showing signs of accumulation.
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The liver damage th a t is seen in the adult mice seems proportional
to the level of accumulated AAT protein, whether it be PiM or PiZ.
However, even though some lines of transgenic mice exist which
produce more than twice the level of PiZ protein as human PiZZ
individuals, there have been only reports of mild fibrosis and none of
cirrhosis.

If indeed in humans, the liver disease in neonates and adults are a
result of two separate processes, then the PiZ transgenic mouse
models th a t exist may more accurately represent the adult disease,
where damage appears to result from the long term accumulation of
protein.

It seems reasonable to suggest th at if lines of transgenic

mice were obtained which produced even greater amounts of PiZ
protein or the mice were not limited by a life span of 2-3 years the
mice might develop cirrhosis.

Dycaico

e t al.

suggested th a t the

runting seen amongst the

heterozygous Z2 mice was similar to the reported phenomenon of
human PiZZ infants with liver disease being small for gestational
age.

However, the growth retardation in the mouse seems far more

severe than in humans and is not accompanied by similar liver
pathology.

In adddition, although there was genetic variation in

runting (w ith the various backcrosses), there was no concom itant
changes in liver pathology.

Dycaico a t ai.
line.

could not produce a homozygous mouse from the Z2

They suggested th a t this may be due to homozygous embryos

dying in utero due to lethal levels of the PiZ protein.

These effects

have not been seen in any other lines, even in the PiZ line of Carlson
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e t al. which is producing a higher level of the m utant protein.

An

alternative explanation for the lack of homozygotes and the runting
could be th a t they are due to the insertion of the construct into a
developmentally important gene.

The

phenomenon

of

decreasing

levels

of

PiZ

protein

hepatocytes of the older Z2 mice of Dycaico e t al.

in

the

is quite curious.

It has not been reported in any other M or Z line, though we have yet
to determine whether this occurs in our mice.

Geller e t al.

(1 9 9 0 )

suggested th a t there may be selection for deletion, inactivation or
down regulation of the harmful PiZ construct followed by clonal
expansion of these cells in which this had occurred.
study

has suggested,

and

provided

evidence

A subsequent

for, ju s t such

a

phenomenon occuring in the case of a lethal transgene (albuminplasminogen
1 9 9 1 ).

a c tivato r) expressed

in the

liver (Sandgren

However, if this was occurring in the Z2 line, a more

extreme pathology in the younger mice might be expected.
any

e t a/.,

firm

conclusions

can

be

drawn,

this

finding

Before

m ust

be

demonstrated in other PiZ lines.

Since factors, other than the accumulation of PiZ protein have been
shown to be necessary for the development of neonatal liver disease
in humans, this may also apply to the development of the disease in
mice.

I have shown th a t the post-translational processing of human

M and Z protein

in mice

is alm ost identical

respective counterparts in humans.

to

th a t of their

The PiZ protein in the Z1 line,

reported in this thesis, is being produced at approximately the same
level as th a t in a homozygous PiZZ individual.

Along with the

controls of M lines expressing either high or low amounts of the
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normal human protein, this PiZ transgenic mouse line may be a
suitable one with which to develop an animal model of AAT neonatal
liver disease.

The approach th a t is being taken to extend the animal

model, to include other genetic factors which may be im portant in
the neonatal liver disease, is discussed in the final chapter.
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CHAPTER 5

DISCUSSION.

5.1 Accuracy of mouse models of human genetic disease.

There

are limitations

in the validity of any animal model.

In

general, these might be caused by differences in metabolism and
developmental pathways between species and the possibility th a t
some pathological processes occur a t the same absolute rate in each
species instead of being related to life span.

Similar genetic defects in humans and mice do not necessarily
result in the same phenotype.

HPRT deficiency in the mouse does not

lead to symptoms of Lesch-Nyhan syndrome.

Mice have been made

deficient in HPRT by selecting HPRT- ES cells, producing chimeric
mice by injection of these cells into blastocysts and breeding HPRTmice from gonadal chimeras (Kuehn e t a/., 1 9 8 7 ).

Since mice, but

not humans, can convert uric acid to allantoin by oxidation with
urate oxidase, it is possible th a t mice are protected from the
potentially toxic metabolites of uric acid.

It has been suggested th a t different developmental processes in
humans and mice may result in mutations of homologous genes
having different effects.

Erickson (1 9 8 9 ) pointed out th a t this may

be especially relevant when trying to produce mouse models of
neurological diseases.

For example, the jim p y
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mutation in mice and

Pelizaeus-Merzbacher disease in humans are caused by deficiency in
the myelin proteolipid protein (encoded in mouse and humans by
homologous genes).

However, their phenotypes differ: there is more

extreme limb spasticity in humans.

Physiological processes tend to occur faster in small animals than
in larger ones.
of humans.

For example, the heart rate of mice is ten times th at

However, it is not clear th a t all pathological processes

occur a t similar rates.

It has been suggested by Erickson (1 9 8 9 )

th a t some (perhaps m ost) processes may be closely related to
absolute tim e.

Thus, for a disease which is late onset in humans,

there maybe no mouse equivalent.

However, A b b o tt and Darling

(1 9 9 2 ) have pointed out th a t there might be a greater likelihood of
reproducing human diseases accurately in mice where disorders
a ffe c t cell types with rapid turnover, rather than those with little
or none.

Thus, in the case of erythrocytes, the life-span of the cell

is approximately the same (in absolute term s) in both species,
whereas in brain cells it is very much greater in humans.

This may

account for the relative success of mouse models for sickle cell
disease

and

difficulties

in

producing

models

of,

fo r

example,

Alzheimer's disease (see Introduction - section 1 .3 .2 .1 ).

Mouse models may be useful even
d iffere n t from th a t in humans.

if the

clinical features

are

If the basis for the differences

becomes apparent it might lead to a b e tte r understanding of the
pathology and hence improved prospects for treatm ent.

In the case

of a gene knockout, even if a mouse model does not mimic the human
disease, it could still be used to te s t treatm ents such as gene or
protein replacement therapy.
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Two groups have produced transgenic mouse models of cystic
fibrosis

(CF)

by

disrupting

the

cystic

fibrosis

transm em brane

regulator (CFTR) gene using homologous recombination in E.S. cells.
In

both

models,

electrophysiological

abnorm alities

in

epithelial

cells were consistent with the defective transport of chloride ions.
The two models, however, show quite different phenotypes.
firs t

model

by

Snouw aert

e t aL ( 1 9 9 2 ) ,

mice

which

In the
w ere

homozygous for the disrupted CF gene, died within 3 0 days of birth
due to bowel obstruction.

Although the characteristic pathology of

some minor symptoms were reproduced in the model, there was a
complete absence of the major symptoms of the disease - the lungs,
pancreas,
normal.

hepatobiliary

system

and

reproductive

tra c t seemed

In a second model, Dorin a t aL (1 9 9 2 ), described 8 mice

showing a variable spectrum of pathological features upto the age of
3 0 days old.

None of the mice showed serious clinical disease, and

tw o were indistinguishable histopathologically from non-transgenic
controls.

However, in the remaining mice there was characteristic

pathology in gut mucosa.

In addition, there was focal pathology in

the lungs, vas deferens and salivary glands of single animals.

There

could

be

several

phenotypically different.
the

same

region

of the

reasons

why

th e

tw o

models

were

Although the two groups both disrupted
CFTR gene,

Snouw aert

a t aL used

a

replacement vector to introduce an in frame stop codon, whereas
Dorin a t aL used an insertional vector to introduce a duplication.
Dorin a t aL (1 9 9 2 ) suggested th a t their duplication strategy may
have allowed the production of some wild type (normal) CFTR mRNA
by alternative splicing.

They also suggested th a t environmental
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influences and differences in genetic background could also have
resulted in phenotypic differences.

Despite its limitations, the first model may be useful.

It indicates

th a t the potentially fatal intestinal blockage in CF infants may not
be due, as previously thought, to mucous clogged pancreatic ducts.
Although the mice die of intestinal blockage, there is no evidence of
severe pancreatic pathology.

In the long term , however, the second

model should prove more valuable if the mice go on to develop
clinical pathology in lungs.

The heterogeneity in phenotype between

the mice in the second model may also allow the

elucidation of the

various genetic and environmental components th a t might contribute
to differences in human pathology.

5.2 Accuracy of transgenic mouse models of PiZ related
liver disease.
The requirements for a mouse model of AAT liver disease m ight
include the following:

a) similar processing of the PiZ protein
b) accumulation of the protein in hepatocytes
c) liver damage, including cirrhosis, in neonatal and juvenile
mice as well as that in adults

It has been shown th a t the human PiZ protein is processed in mice in
a similar fashion to th a t in humans and th a t it accumulates in the
hepatocytes as globules.

Although there is evidence of some liver
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damage in adult mice, it is not as severe as th a t in adult humans and
there is little evidence of liver damage in young mice.

Carlson e t al. (1 9 8 9 ) questioned whether an accurate transgenic
mouse model of AAT related liver disease would be prevented by the
short life span of the animal.

The normal life expectancy of normal

healthy laboratory mice is 2-3 years.
cirrhosis is extrem ely rare.

However, with some difficulty, it can

be experimentally induced with ethanol.
carcinogens

may

also

Spontaneous murine liver

lead

to

Treatm ent with very potent

cirrhosis

b e fo re

producing

hepatocellular carcinomas (M. Tucker, Toxicology Unit, ICI, personal
communication).

None of the transgenic mice bearing the human PiZ

gene showed signs of cirrhosis.

Carlson e ta /. (1 9 8 9 ) suggested th at

an absolute time requirement may be necessary for the development
of chronic liver disease with severe fibrosis and cirrhosis, and th a t
the 2 -3 year life-span of the mouse was not sufficient.

However,

the fa ct th a t fatal liver cirrhosis has been reported to occur in some
infants as young as 5 months (Mowat, 1 9 8 4 ) might suggest th a t the
absolute time required for development of the disease is not beyond
the life span of a mouse if all the other factors required, are
present.

If the PiZ mouse models are following physiologically

equivalent tim e scales to humans, then the damage seen (due either
to accumulated PiZ or PiM protein) in adult mice, over the age of 6
months, may correspond to liver disease in adult humans.
results suggest th a t the

neonatal

The

liver disease has y e t to

be

reproduced in mice.

The validity of the existing models for AAT related liver disease is
also limited by the fact th a t the mice are not deficient in AAT.
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They

have a number of functional, endogenous AAT genes.

Although it may

be possible in the future to inactivate the mouse AAT genes, this
would be difficult to achieve (see Introduction - section 1 .3 .3 .2 ).

If

a serum antiprotease deficiency is also important in the etiology of
AAT related liver disease, this aspect of the disease is not being
reproduced in the mouse models. Dr. S. Povey has proposed to start a
project to inactivate the AAT genes in the mouse.

If successful, the

PiZ gene could be introduced onto an AAT deficient background.

In summary, the models produced so far are mostly testing whether
the presence of accumulated PiZ protein in the liver is sufficient to
induce pathology consistent with the disease in humans.

5 .3 Toxicity of accumulated PiZ protein.

It

is im p ortan t to

determ ine w hether the

accumuiation

of PiZ

protein is enough to cause liver disease, since a t the moment a liver
transplant is the only available treatm en t. If a deficiency of the
enzyme in the serum is also required for the developm ent of the
disease, the enzyme replacement and gene therapy, currently being
developed to tre a t emphysema associated with AAT deficiency,
could

also

be

given

earlier

in

life

to

p re ve n t

liver

disease

(Rosenfield e t a/., 1991 ; Kay e t a/., 1 9 9 2 ).

Sveger (1 9 7 6 ) reported th at on average about 50% of PiZZ adults die
a t 52 years old from emphysema and have signs of mild liver
disease.

The remaining 50% die on average a t 62 years old from

cirrhosis and have mild lung disease.

This might suggest th a t there

is a difference in the amount of AAT being produced in these two
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groups of individuals.

Individuals with a high production of AAT are

protected from lung disease but are relatively susceptible to liver
damage, whereas for those with a low level of AAT production, it is
vice versa.

In addition, controversial evidence suggests th a t PiMZ

individuals are also a t risk of liver disease as adults (Hodges e t a/.,
1 9 8 1 ).

Recently Lomas e t al. ( 1 9 9 2 ) showed that, under non-denaturing
conditions, the PiZ protein spontaneously polymerises in vitro
370 C .

at

The reactive centre loop from one molecule inserts itself

into the gap of an A -sheet of another molecule.

The rate of

polymerisation was shown to increase with increasing tem perature
and w ith increasing concentration of the

m utant protein.

The

authors suggested th at accumulation of PiZ protein in the liver also
resulted

from

this

molecular

interaction .

Furtherm ore,

th ey

postulated th a t increased AAT production or fevers in PiZZ infants
would

lead

polymerise

to

liver disease

and

accum ulate.

since

more

They

of

the

suggested,

protein
th erefo re,

would
th a t

treatm ents to limit inflammation (which leads to an acute phase
response and increased production of AAT) and pyrexia might prevent
liver disease in PiZZ infants.
polym erisation

of the

Lomas e t al. (1 9 9 2 ) also showed th a t

PiZ protein

in

vitro could be com pletely

blocked by the addition of a specific peptide which inserted itself in
the A-sheet.

Sifers (1 9 9 2 ) questioned whether the polymerisation

of PiZ protein was the sole mechanism of its retention in the ER and
suggested th a t chaperones could still be involved.

He also suggested

th a t it may now be possible to te s t methods of suppressing the
accumulation of polymerised PiZ protein in transgenic mice.
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Although the accumulation of PiZ protein might be im portant in the
etiology o f neonatal liver disease, some PiZZ infants with liver
disease show no evidence of accumulated AAT protein.

It therefore

seems unlikely th a t AAT neonatal liver disease is solely due to the
accumulation of the mutant protein.

The tw o mouse models of AAT related liver disease th a t have been
reported so far were compared, in Chapter 4, with
presented in this thesis.

the model

In mice it appears th a t accumulation of PiZ

protein, w ithout a deficiency in serum protease inhibitor leads to at
least some liver damage in adulthood.

Since two PiM lines, analysed

in this project, expressing high levels of the normal human protein
also have globules of accumulated AAT and one of these also shows
some similar signs of liver damage, the liver disease seen in the PiZ
lines, may be attributable not specifically to the toxic effects of
accumulated PiZ protein, but accumulated AAT.

5 .4 Factors which may a ffe c t liver disease in neonates.

Since accumulation of PiZ protein is not sufficient in humans to
produce neonatal liver disease, it seems th a t other environmental
a n d /o r genetic factors are required.

Some of these have been

investigated in humans (see introduction).

However, so far there has

not been very strong associations with any particular factor.

Liver disease in neonates has been associated with HLA type and
also with raised levels of heat shock proteins.
be involved,

Other genes may also

it may be possible th a t a combination of a number of

d ifferen t factors are required for the disease to develop.
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For

example, a mouse model of diabetes was produced by Ohashi e t a/.,
(1 9 9 1 ) when four different elements were combined.

A transgenic

mouse line was produced bearing the lymphocytic choriomeningitis
viral (LCMV) glycoprotein (GP).
cells of the pancreas.

This was expressed in the p islet

Mice from this line were bred with mice from

a transgenic mouse line bearing a T cell receptor (TCR) specific for
LCMV-GP.

The T cells were only activated to produce diabetes, when

these mice, containing both transgenes were also H-2b and had been
infected with LCMV.

The T cell mediated autoimmune disease was

only activated when the tolerence to LCMV-GP "self" antigen had
been removed by infecting the mice with the virus and presenting
the GP antigen in the context of H-2b.

It seems possible th a t th a t the AAT neonatal liver disease may also
have an autoimmune component.
related

liver

disease

produce

T cells from children with AAT
cyto toxic

e ffe c ts ,

in

vitro ,

on

autologous and rabbit hepatocytes (Smith a t a/., 1 9 7 7 ; Mondelli a t
a/., 1 9 8 4 ).

The T cells also had a non-specific exaggerated response

to phytohaemagglutinin (Breit at a/., 1 9 8 3 ).

Doherty a t a/., (1 9 9 0 )

showed th a t there was an association between HLA DR3 and liver
disease, whereas HLA DR4 appeared to be protective.

Heat shock proteins are the dominant antigens o f many infectious
agents

(Kaufmann,

1 9 9 0 ).

However, the

human and bacterial

cognates are very similar (sharing over 50% sequence homology).

If

the foreign antigens are recognised by the immune system, there is a
danger th a t highly similar, endogenous hsps will be erroneously
ta rg e te d ,
suggested

thus
th a t

leading
hsps

to

autoimmune

(specifically
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disease.

h s p 65 )

are

It has been
responsible

for

triggering an autoimmune reaction resulting in arthritis (see McLean
et al. (1 9 9 0 ) for review).

Since hsps have been shown to be raised in individuals with liver
disease, it may be possible to speculate th a t in certain individuals
(w ith perhaps a particular HLA background) a T cell attack on
hepatocytes is initiated.

If the attack was self limiting, the disease

m ight not progress to cirrhosis.

If however, a critical (threshold)

number of lysed hepatocytes was reached, even more antigens might
be released, thus triggering an escalation in the immune response.
Conceivably, a lack of antiprotease in the serum may be essential
for this escalation.
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5.5 Work in progress and future work.

In order to investigate whether genetic factors (H2 type and hsps)
are im portant in the etiology of neonatal liver disease the Z1 line
has been backcrossed a minimum of four times to several inbred
strains with different H2 types. These strains are:

H-2 TYPE

STRAIN

CBA

H-2k

C 57B L/6

H-2b

SJL

H-2s

B 10.D 2/n

H-2d

A.Thy-1 a

H-2a

STR

H-2b

C3H

H-2k

C 5 7 B L /6 J -p a /p a

H-2b

The H-2 type will be confirmed by a PCR based technique.
strain C 57B L /6J-pa / pa

The inbred

has an elastase inhibitary capacity deficit

(see Introduction) and the strains STR and C3H are susceptible to
autoimmune liver disease.

In total, over 5 0 0 mice have been analysed for the presence of the
PiZ gene by "rocket" immunoelectrophoresis of plasma obtained from
tail blood.

Histopathological analysis has not y e t been carried out

on liver sections from these mice, but so far, there has been no
increase in m ortality rate in any of the backcrosses, nor have litter
sizes been smaller.
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Liver sections from mice (o f a range of ages) from each of these
backcrosses will be analysed by Dr. P. McCullagh and Dr. H. Millward
Sadler.

Imm unocytohistochem istry will be used to compare the

distribution of ubiquitin and other hsps in both the liver and in the
individual hepatocyte.

Non-transgenic mice and mice bearing the

human PiM gene will be used as controls.

The histopathology, the H2

type and the distribution of hsps will be compared.

In summary, a number of mouse models of AAT liver disease have
been produced.

All are quite similar.

It is proposed in this thesis

th a t transgenic mice bearing the human PiZ gene may represent a
model for the associated liver disease in adults.

There does not,

however, appear to be satisfactory evidence in any of the models of
pathology consistent with the neonatal liver disease.

Work is now

being directed towards investigating w hether variation in genetic
background in these mice influences their pathology.
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