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ABSTRACT

According to current concepts asthma is primarily an inflammatory condition of the
bronchi which results from the complex interactions between hetercgenous genetic and
environmental factors, Although the environwmental allergens are fairly well known, little
information concerning the genetic differences between atopic and non-atopic individuals
is available, A number of candidate genes have been proposed, including genes for
protease inhibitors, interleukins and the beta-2-adrenergic receptor (3,AR) The present
study was undertaken in order to determine whether molecular variation of certain atopy
candidate genes (alpha-l-protease inhibitor, cortisol binding globulin, interleukin-1-
receptor antagonist and §,AR) may be associated with atopic asthma in black and white
asthmatic South Africans. Alpha-1-protease inhibitor {o;,PI) has been implicated in the
pathogenesis of emphysema, if it is present in one of its deficient phenotypic forms. Given
that o, PI is also an acute phase reactant in humans, it is possible that an association exists
between the manifestations of asthma and o, PI or its deficiency. This investigation Jooked
at the various phenotypes of «,P1 in black and white asthmatic and control individuals by
making use of isoelectric focusing as well as to make use of the polymerase chain reaction
(PCR) which allowed for the identification of two haplotypes of the M1 phenotype of &, P1,
viz. M1 (Ala®) and MI (Val®®). There was a significant increase in the M1 {Ala®?)
haplotype in the black groups as compared to'. = white groups. A novel finding was the
identification of a new variant, the M1Egouanzssurs). A significant difference was also
found when comparing patients with severe asthma who had the rarer variants of o,PI as
compared to mild or moderate asthmatic patients with the M1M1 phenotype indicating that
e, PI plays a role in the pathogenesis of asthma.

No mutation was found in exon 2 (an amino acid substitution in this exon was
shown to be responsible for abnormal CBG steroid binding activity) of the cortisol binding
globulin (CBG), (as determined by sequencing analysis) in black and white asthmatic and
control individuals in the present study. However, taking the fact that CBG and «,P] share
more than 40% homology of amino acid sequence, it would be advisable to continue the
search for possible mutations in other exons of the gene which might act as markers for
mutations in other genes that are closely linked to the CBG and which play a role in
asthma.

An important role player in the control of the inflammatory process could be the
IL-1 Ra since it is a powerful endogenous anti-inflammatory molecule that competitively
inhibits IL-1 ¢ and TL-1B. The allelic frequency of the polymorphism in intron 2 of the [L-1
Ra gene was studied in black and white patients with asthma and control individuals., The
plasma IL1 Ra concentration was also determined using a standardised Elisa kit. No
significant differences in IL-1 Ra VNTR allelic frequencies were noted in the clinical
groups and controls in each of the two population groups. However the 410 bp allele was
increased in all black subjects as compared to all white subjects while the 240 bp allele was
markedly reduced in all black subjects as compared to all white subjects. Significant
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differences were observed when we compared the levels of severe patients with patients
classified as having mild asthma. Significant differences were also observed when
comparing moderate asthmatic children with the mild asthmatic children. Our results
indicate a distinct racial difference in the IL-1 Ra gene polymorphism and although this
polymorphism is unlikely to be an important determinant of overall disease susceptibility
in asthma the IL-1 Ra plasma concentrations could act as a marker of disease severity in
asthmatic patients.

The B, adrenergic receptor (B,AR) is an important factor in the control of the
inflammatory process in asthma. The gly 16 polymorphism of the §,AR which appears to
impart enhanced down regulation of receptor numbers has been found to have a higher
prevalence in nocturnal white asthmatics. The allelic frequencies of the gly 16
polymorphism was studied in black and white asthmatic children control individuals.
Genotyping was performed by making use of PCR and the presence of the mutation was
analysed on agarose gels using ethidium bromide staining and confirmed by DNA
sequencing. There was no difference in the prevalence of the gly 16 polymorphism of the
B,AR between the black and white control individuals. There was a significant increase
in the frequency of the gly 16 polymorphism of the 3,AR between severe and moderate
asthmatics. There was also a significant increase in the prevalence of the gly 16
polymorphism in those patients who required a long acting beta stimulant to gain
symptomatic control. We did not find a difference in the prevalence of the gly 16

- polymorphism between nocturnal vs. non-nocturnal asthmatics. The gly 16 polymorphisin
of B,AR was predictive of more severe asthma in this study, It was also predictive for

those patients who needed a long acting beta stimulant to attain symptomatic control. This

polymorphism may act as a disease modifier in asthma and represents one of the many
genetic variables involved in the pathogenesis of asthma. !
In conclusion, the present study demonstrates the extent and complexity of genetic

susceptibility to atopic asthma and it highlights the need for more refined association and

functional studies that will identify additional atopy loci and their association with asthma.
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

1.1 Clinical descriptions and definitions

Initially, asthma was the name given to the disorder occurring in people with “difficult
breathing,” especially of an episodic kind (Howell, 1995). Although the concept of
asthma as an inflammatory variety of bronchitis was firmly established by the end of the
19" century, most of the focus during the early 20 century was on “broncho-spasm”
(Reed, 1995). The consequence of this was the almost universal acceptance of the
American Thoracic &ometv 3 (1962) definition of asthma as reversible airway
obstruction with hyper—responsweness but which did not mciude inflammation. Itis
only in the last ten years that the importance of inflammation hasﬁ been emphasised.
Despite controversy surrounding the definition, bronchial asthma s generally described
as a chromnic inflammatory disease in which the calibre of the airways is episodically and
occasionally chronically narrowed by oedema and is unstable. This widespread
narrowing of the bronchial airways, changes its severity over short periods of time
either spontaneously or under treatment and there is increased responsiveness to a

numoer of stimuli (Howell, 1995).




1.2 Categories of asthma

121 Extrinsic atopic asthma

* . This refers to a large group in whom asthma is de to IgE-mediated hypersensitivity

3]

reactions to inhaled antigens commonly present in the air. In some individuals the early
episodes are prolonged, and masquerade initially as attacks of bronchitis, In the name

used for this sort of asthma, ‘extrinsic’ implies that asthma is precipitated by contact

with environmental antigens, and ‘atopic’ refers to the sort of hypersensitivity reaction

that is concerned (Scadding, 1983).
1.2.2 Extrinsic non-atopic asthma
- Theterm ‘extrinsic non-atopic asthma’ has been suggested to refer tc patients in whom -

asthma can be attributed to reactions between inhaled antigens and antibodies of sorts

«other than the IgE type associated with atopy. Asthma attributable to hypersensitivity

to a single substance is generally best specified in this way; in some contexts it may be
useful to specify both the substance and the type of hypersensitivity reaction cencerned

(Scadding, 1983).
1.2.3 Exercise induced asthma

Increase in airways resistance of some degree after exercise can be observed in a high
proportion of patients with asthma of all types. In the few in whom this gives rise to
the presenting symptom, the term exercise-induced asthma can be used (Scadding,

2




1983).
1.2.4 Asthma associated with chrenic bronchopulmonary disease

Persistent expiratory airflow limitation is a feature of a number of bronchopuhnonary
dlseases “The commonest of these in populatxons with a hxgh proportion of cxgarette
smokers and exposed to general air pollution is usually called chronic obstructive
pulmonary (COPD) disease or chronic obstructive bronchitis. In many instances
» categorisation to this group can only be“provisional. In a few patients, bath the aﬁrways
obstructlon and the bronchial hypersecretion are so much improved by cwrtxcosteroxd

treatment that the mltlal diagnosis of chronic obstructive bronchitis may be 1 eplaced by

~ one of intrinsic asthma, especially if the symptoms are not of long duration (Scadding,

- 1983).

1.3 Epidemiology and mortality

1.3.1 Epidemiology

Most epidemiological studies have relied upon subjective evidence for identifying
subjects with asthma, the most commonly used criteria being a history of its having
been diagnosed by a physician or by standard symptom questionnaires (Gregg, 1983

and Daniels et al., 1996).

The incidence of asthma varies with age, but for all age groups, theincidence of asthma
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has been estimated to vary between 2.65 to 4 per 1000 per year (Gergen & Weiss,

1995).

Asthma begins primarily during two periods: childhood (tends to begin before the age

of 5 years) and adulthood, with a bias toward male prevalence in childhood asthma.
The scenario changes during adolescence, where the female prevalence tends to equal
or exceed the male prevalence. The sex difference in asthma prevalence is levelled in
adulthood (Gergen & Weiss 1995). Approximately 5%-10% of children worldwide are
afflicted by asthma, a third of whom do not show any symptoms of the disorder until
after adolescence. On the other hand, 5-10% of people acquire asthma in adulthood

and in such cases, the disorder can manifest itself at any time (Lichtenstein, 1993).

Prevalence reflects both the incidence and the duration of a disease and in the case of
asthma, prevalence is highly dependent on the definition. The prevalence of asthma can

be recorded in 3 ways: (a) point prevalence - asthma at the time of the survey; (b)

 lifetime prevalence - asthma at any time during an individual’s life; or (c) period

prevalence - asthma within a certain defined period, usually the last 12 months (Gergen
& Weiss 1995). It is difficult to draw detailed inferences about the worldwide
prevalence of asthma fram various studies, however, the point prevalence of current
(or active) asthma for children in industrialised countries averages around 5% with
lower prevalence rates recorded in non-industrialised countries (Gergen & Weiss, ‘

1995).
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1.3.2 Epidemiological risk factors -

Birth factors

The“mle‘ prematurity plays in @Sthma has come uhdér §n¢r¢3v$.re;‘-{ study. “Mothers of S

o premature infants have been reported to havr* a much hrgher prevalence of bronchial -~

’ 7‘A'b1rth weight and prematunty, regardless of neonatal resplrato_ry drsease, has been

shown to be associated with decreased flow rates and airway conductance.in

childhood (Gergen & Weiss, 1995).

. The time of year of birth also appears to be a factor determining asthma epidemiology - - |

* if enposure to-allergens in-the first- months-of life-enhances-atopic sensitivity, then-the’

By logical assumption is that children bornin spring would show- a»higher frequency of e

: aller gy than chrldren born at other times when there are neghble levels of pollen in the

atmosphere (Wﬂson 1983). Other birth factors have been 1mphcated in asthma wrth

a relative decrease in the prevalence of asthma reported among second-born children

) (Gergen & Weiss, 1995). Breast-feeding has not been shown to piay a signifxbant role

in preventing asthma, in spite of the finding that breasi-feeding protects against
wheezing illness in the first months of life (Nesse & Williams, 1994). Prospective
studies following infants through 4 and 5 years of life have found no effect of breast-

feeding on development of asthma in children, This remained true whether or not there

- was a family history of atopy (Gergen & Weiss, 1995).




Environmental factors

> ‘Stui’dy of thé factors observed tg be 'asso(ﬁéfed .W‘ith #oute ‘_ebisodeé‘ofas‘thx-ﬁa has beén
cal major preoccupation of epldemxologlsts Smoking which is a Wéﬂ—re(zoénised
respiratory irritant, has been found to boost IgE levels, while suppressing IgG and IgM
levels, and appears to augment sensitization o certam pollen antlgens (Gerrard, 1985)
Smokmg increases airway resxstance in normal individuals and in patients with
' tespiratory’ diseases, it causes hypertrophy of bronchial mucous glands and also inhibits
= {;‘onchlal cxhary motion, all of which can be harmful in patients with abnermal
‘ bronchial function caused by allergic asthma (Joubert ef al., 1988). Infants and young |
_.chﬂdxen.,w};oseupémnts.smokegtend“tahaye\maze. problems.with bronchial hyper-.
§ responsiveness, lower respiratory tract infections and asthma, than children with fon-
smok;ng parents, gspeciaﬂy iﬁ the first year of life (Joubert ef al., 1988). Maternal
smoking has beeri )‘s’}jxown to be more impbrtant to the development of allergic asthma
than paternal smoking due to the greater exposure of the child to maternal than
‘paternal smoke (Gergen & Weiss, 1995). Tobacco smoke increases the severity of
asthma (Murray & Morrison, 1988; Gergen & Weiss, 1995), males have been reported
- to be more “sensitive” to environmental tobacco smoke than females, This may be
mediated through increased bronchial reactivity in “smoke-sensitive” asthmatics.

(Gergen & Weiss, 1995).

Asthma has been reported more frequently among chiidren in urban areas as compared
to rural areas. Individuals who have moved from rural to urban areas (m the same

country) have developed allergies (Gerrard 1983) However, data ﬁ'om south\

6




. Australia suggest that among 5-16 year old children, asthma may be more prevélent

in rural areas (Gergen & Weisg, 1995). Home dampness and the presence of moulds

- in-the-home-have been-reported -t be-asseciated-with-an-increased-prevalence-of -

respiratory symptoms, including asthma and wheezé (Wilson, 1983; Nesse & Williams,
1’994). Such an association has been reported, but has been attributed to the dust mite
content of damp rooms (Wilson, 1983). It has also been suggested that modern airtight
housas, with wall-to-wall carpeting provide excellent breeding sites for house dust
mites and therefore provoke allergies (Nesse & Williams, 1994). It has however, also

been suggested that this association may in part be explained by a tendency of parents

from homes with visible moulds to over-report symptoms (Gergen & Weiss, 1995). ~

The role of air poilution in asthma is still unclear. However, various atmospheric air
pollutants are known to exacerbate rhinitis and asthma. Recent years have seen a
dramatic increase in asthma morbidity and mortality in a number of countries, and air
pollution has been implicated as a plausible causative agent (Antd & Sunyer, 1995).
Asthma has been reported to be increased in polluted areas as compared to non-
polluted areas. In Los Angeles, increased asthma attacks have been associated with
high oxidant and particulate polfution (Gergen & Weiss, 1995). Also in Los Angeles,
increases in asthma emergency room visits and hospitalizations have been associated
with the levels of nitric oxide, coefficient of haze, and hydrocarbons, in addition to
Santa Ana wind conditions and airborne allergen counts (Gergen & Weiss, 1995).
Sulfur dioxide has been shown to cause bronchoconstriction and asthma-like
symptoms, even at low levels, with chronic exposure. Nitrogen dioxide, associated

with gas stoves, has been implicated as a cause of respiratory disease and as having an
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inconsistent effect on pulmonary function (Neas ef al., 1991). Ozone has been shown
to increase bronchial reactivity and airborne acidity has been reported to be associated
with daily symptoms among nibderate to severe asthmatics (Gergen & Weiss, 1995).

Other “natural” productfié if handled carelessly, can cause poilution problems; a report

from Barceioﬁa, Spain linked an epidemic of asthma caused by soybean dust being

' blown intd néarby neighbourhoods from untoading ships (Antd et al., 1989}, The™

complex mixture of atmospheric pollutants could induce larger inflammatory and
functional changes than reported, and a3 a result the effect of air pollution on allergic
asthma could be of'a much greater magnitude than that seen in laboratory studies (Anto

& Sunyer, 1995).

The children of migrants have been reported to acquire the prevalence of the asthma
in the area to which the parents move (Gergen & Weiss, 1995). One expects that
ethnic individuals, who have lived in a particular environment for a number of
generations, would adapt to that environment and might become allergic when such
groups move to new and strange environments where they encounter new allergens
(Gerrard, 1985). This phenomenon has been observed in Filipinos who were atopic in
their homeland but who have developed eczema and asthma on moving to California,
while Polynesians have developed asthma when they have migrated from their isolated
islands to New Zealand (Gerrard, 1985), Tokelauan children living in New Zealand
developed asthma at a higher rate than Tokelauan children living in the Tokelau

Islands (Gergen & Weiss, 1995).




Pl
W S i
N

/(
Race and sociceconomic conditions

The effects of socioeconomic status on the prevalence of asthma are not clear,
however asthma has been reported to vary by racial groups across the world and it
{ aﬁpears that poverty plays a tral role in these differences (Lichtenstein, 1993,
Gergen & Weiss, 1995; Arrighi, 1995). In the US, black persons, at any age, have
" been reported to have a higher prevalence of asthma than whites, Puerto Rican

children living in the New York city area have been repcrted to have some of the

, highest rates of asthma in the US. The rate of hospﬁtahzatxons and mortality is also

higher among black persons than white persoﬁ; (.éergen & Weiss, 1995; Arrighi,
1995). In New York city, asthma morbidity&(and mortality have been reported to’
cluster in poor neighbourhoods with a preciéminant minority population (Gergen &
Weiss, 1995). Similar increases int ésthma morbidity and mortality among groups living
in poverty are found in other par{;;, of the world. In New Zealand, Maoris and Pacific
island Polynesians have higher rates of hospitalizations and mortality. The higher rates
of hospitalizations among the Polynesians appear to be due to different drug
management at discharge from hospitals and in the community, with their being less

likely to be on prophylactic therapy (Gergen & Weiss, 1995).

A formal epidemiological study is yet to be undertaken it South Africa (where several

different cultures and a wide range of socioeconomic standards are represented) to
ascertain whether allergic diseases and asthma are more or less common in black South
Africans than in other races. Official South African death certification data suggest

that the asthma mortality rate is much higher in black South Africans than in white
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South Africans (Benatar & Ainslie, 1986). It would appear that poor access to health
care facilities, economic factors (including the cost of medication) and a general lack
of compliance in the use of prophylactic therapy, contribute to the high asthma
mortality rate in black South Africans (Walls & Trdman, 1983; Benatar & Ainslie,
1986; Joubert e al., 1988). It has been noted previously that asthma among black
children in Durban is apparently rare (Walls & Ordman, 1983), which is believed to be
due to the high incidence of parasitic infections. Whether this scenario is applicable to
the whole of the black South African population is uncertain, as it has been found that
the prevalence of allergic diseases and parasitic infections (especially Ascaris
Iumiricoides, which has a potent IgE-stimulatory effect that causes a parasite-specific
immune response that has been shown to correlate with enhanced tendency to asthma)
i; very high (Walls & Ordman, 1983; Joubert ef al., 1988). Racial/ethrnic differences
in "ung size have also been proposed to explain some of these differences. Mexican-
Americans have been reported to have higher expiratory flow rates than non-Hispanics
and black persons to have lower rates than white persons or Mexican-Americans

(Gergen & Weiss, 1995).
Season and altitude

Seasonal variations in morbidity and mortality of asthma have been reported.

Changes in temperature, pollen levels and fungal spore counts have been reported to
be associated with asthma emergency room visits (Gergen & Weiss, 1995). The
Western Cape in South Africa, with its temperate climate, prevailing winds, high

rainfall and rich variety of flora is a natural endemic area for allergic asthma (Joubert
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etal., 1988). Asthma is reported to be less prevalent at higher altitudes; a dgcreased

cor;;:entration of house dust mites is hypothesized to be respons@})le for this decrease
(Gergen & Weiss, 1995) Aggravatxon of astlima symptoms in winter has been
described in patlents sensitive to huuse dust mxtes (Walls & Ordman, 1983). Asthma
hospitalization has also been assocxated with rainfail, low barometric pressure, and

counts of coloured basidiospores and green algae (Gergen & Weiss, 1995). °

N

Infecﬁon

Viral infections are well recognised to be factors precipitating asthma attacks. Viral

mfectnons have been reported to enhance the release of mﬂammatory medlatOfs from

mast cells and basophils in the lung. Asthmatics have also been reported to have more

viral infections (Gergen & Weiss, 1995). A study by Potter ez al. (1984) showed that

upper and lower respiratory tract viral infections were the major cause of severe
asthma attacks in children in the Cape Peninsula. Viral infections of the lower

respiratory tract cause wheezing (Stark & Graziano, 1995).

Viral infections may facilitate specific allergic sensitization by altering the function of
lung mast cells and they may reduce B-receptor function, thereby inducing resistance
to drug therapy. They may also stimulate cholinergic and non-adrenergic, non-
cholinergic bronchoconstriction or they may alter the control of the immune response,
lymphocyte proliferation and interferon production, all of which could induce the
predominant pathophysiology of acute airway injury and inflammation that

accompanies lower airway viral infections (Figure 1.1) (Potter ef ai,, 1984; Stark &
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Graziano, 1995).

Bacterial infections do not seem to be important triggers of asthma, however sinusitis]
regardless of etiology," is felt to make asthma difficult to control until it is adequately -

treated. Croup and lower respiratory tract infections, such as bronchiolitiz and

Forn

pneumonia, have been reported to be associated with later development of asthma

(Gergen & Weiss, 1995).

Viral infections have also been" implicated in the development of allergenic

sensxttzatlon however other groups have not confirmed this ﬁndmg Sensitization to

\) ,( the v1ra1 agent has been shown to play a role wheezing illness, as production of viral-

specific IgE has been faund to be associated with the clinical manifestation of wheezy
. illness for both resplratory syncytial virus and para-mﬂuenza viruses (Gergen & Welss

D

1995),
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Figure 1.1 Several animal models emphasise the importance of the immune system and
of neural innervation of airway smooth muscle tone in determining the outcome of
respiratory viral infections. The interaction of several factors, including environmental
(e.g. exposure to cigarette smoke) , genetic and developmental (e.g. the status of the
humoral and cell-mediated immune responses) is necessary for viral-induced airway
obstruction and bronchial hyper-responsiveness. These interacting factors predispose
an individual to “wheezing” following viral infections of the lower respiratory tract,
which trigger subsequert events that induce the pathophysiology of acnte airway
inflammation (from Potter et al., 1984; Stark & Graziano, 1995).
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1.3.3 Mortality

Asthma deaths were very rare in the first half of the century, but since that tiine, the
patterns of asthma mortality have become considerably more complex. There were
epidemics of asthma deaths in the 1960's, and again in New Zealand in the 1570's
(Pearce et al., 1995). These have been superimposed on a more gradual underlying
increase in asthma mortality in many countries, which commenced in the 1940's and has

Y

been particularly marked in the 1980's (Pearce ez al,, 1995).

Asthma mortality rates in the United States doubled from 1978-1987, and this increase
in asthma mortality has been accompanied by a concomitant increase in asthma
morbidity (Arrighi, 1995). Data suggest that the South African asthma mortality rate
is greater than that of ’;he UK (Benatar & Ainslie, 1986). Almost all comf)arativ‘e
studies of asthma mortality have been confined to the 5-34 age group, because the
diagnosis of asthma mortality is more firmly established in this group (Pearce ef al.,
1995). The gradual increase in asthma mortality during 1940-1960 was thought to be
due to a number of different factors, including changes in environmental risk factors
such as chemical pollutants, environmental aeroallergens, and foods and preservatives.
Alternatively, the gradual changes in mortality could be due to changes in the

management of asthma (Pearce ef al., 1995).

Studies found that the epidemic in England and Wales was real and was not due to
changes in death certification, disease classification or diagnostic practice. They also

concludid that it was unlikely to be due to a sudden increase in asthma prevalence, but
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was rather due to an increase in case fatality due to new methods of treatment (Pearce
et al., 1995). It was concluded that the excess deaths followed the introduction of
pressurised -agonist aerosols in 1961 (Arrighi, 1995; Crane et al., 1995; Pearce et al.,
1995). It was noted that with the use of these f-agonist aerosols, relief of symptoms
could enable a patient to tolerate worsening hypoxia and to unduly delay seeking
medical help (the “delay” hypothesis) (Pearce et al., 1995). It was also argued that
both chronic and acute side effects could occur and that direct toxicity could occur in
cerﬁain circumstances due to the ever use of isoprenaline which is a rion-selective 3-

%
agonist (the “toxicity” hypothesis) (Crane et al., 1995).

\
Anumber of studies revealed that the toxicity hypothesis and the Qelay hypothesis were
not incompatible; in fact, they were complementary m that acute toxicity was most
likely to occur in the presence of delay (Pearce et al,, 1995). Despite fnounting
evidence, the aero;,ol/toxicity hypothesis was continued to be regarded with scepticism
’ particularly in the US and Germany where there had been considerable sales of the B-
agonist aerosol without any mortality epidemics, This apparent contradiction was
explained by studies which indicated that a high-dose formulation of isoprenaline
(isoprenaline forte) which contained five times the dose per administration of other
isoprenaline aerosols had only been licenced in eight countries, six of which (England,
Wales, Ireland, Scotland, Australia, New Zealand and Norway) had mortality rates that
coincided with the early introduction of the drug as well as high sales volume of the
drug (Pearce ef al, 1995). Overall, there was a strong positive correlation

internationally between the asthma mortality rate and isoprenaline forte sales in the

eight countries in which the drug was licenced, whereas no mortality epidemics

15




P/ NN

V4

occurred in countries in which isoprenaline forte was not licenced, such as Sweden,

Canada, West Germany and the US (Pearce e al., 1995).

Until recently, epidemiological studies ofasthm{\é\ivmortality had largely concentrated on
the Sg?ses of the mortality epidemics which havé only occurred with isoprenaline forte
and fenoterol, whick are high-dose, poorly selective, full agonists, with relati\;ely
greater cardiac side effects (Crane et al., 1995). No other B-agonists have been

associated with such epidemics. In recent years, attention has also focussed on the

possible causes of the gradual increase in mortality which appears to have occurred in

‘a number of countries during the 1980's. Although there is still some debate as to

whether this increase is occurring, there does appear to have been a gradual increase

i mortality in many countries since the 1980's (Barnes, 1993). The causes of this

increase are difﬁcu],‘c to determine, because the changes have been so gradual and could
conceivably be due to changes in diagnostic practice, however it is also possible that
the gradual increases in asthma raortality could be due to a class effect of B-agonists
or to changes in the environmental causes of asthma (Pearce ef al., 1995). It is
important to resolve the question whether excessive use of inhaled (-agonists may
worsen asthma and contribute to the worldwide increased asthma mortality rate, as the

number of prescriptions for these drugs is increasing worldwide at a much faster rate

than the number of prescriptions for other anti-asthma drugs (Barnes, 1993).
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~ 1.3.4 Mortality risk factors

~ Class effect of B-agonisis

In reégnﬁ ye;rs, attention has increasingly focussed on the possibility that the increase
in mortality could be due o a class effect of f-agonists. In particular, concern has been
raised by se;}eral clinical trials which have suggested that regular use of B-agonists
could lead to worsening asthma ( Pearce ef al., 1995). The implications are that B-
“a{gonists or bronchodilators in general can cause deterioration in lung function and
increases in asthma severity when used regularly. However,r‘ there has been
considerable debate as to whether thié phenomenon is specific to fenoterol or whether
it is a class effect of P-agonists, and as to the extent to which it is dose-dependent
(Burrows & Lebowitz, 1992). The findings of various studies are incompatible with
each other, since, in most developed countries it is difficult to investigate a class effect

of B-agonists using epidemiological studies, because virtually all asthmatics use these

drugs, and there is no appropriate comparison group. Epidemiological methods are

relatively robust when making comparisons within the class of B-agonists, but
randomised controlled trials are more appropriate when attempting to identify a class

effect of B~agonists (Pearce et al., 1995).
Changes in environmental causes of asthma

The recent gradual increases in asthma mortality could be due to changes in

environmental causes of asthma. There are no studies which link such causes directly
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to asthma mortality trends, however there is some evidence that asthma prevalence is
increasing, and there are a number of studies, which suggest that changes in
environmental causes of asthma could lead to an increase in asthma prevalence and
morbidity,ﬁ and thus indirectly, to increasing asthma mortality (Pearce ef al., 1995).
These include: (a) early exposure, especially during infancy, to house dust mite
"‘allergens (Pearce ef al., 1995); (b) the introduction of blankets and changes in sleeping
habits in developed countries, which is believed to increase exposure to indoor inhalec}
-allergens (Gerrard, 1985); (c) an increase in noxious air pollutants in urban aic (An((m‘
& Sunyer, 1995); (d) migration from developing to industrialized countries (Pearce%ét
al., 1995); and (¢) modern conveniences, such as wall-to-wall carpeting and an increase |
- in indoor humidity, as a result of newer energy-efficient homes, both of which favour’
breeding of house dust mites (Nesse & Williams, 1994). It should be stressed that the
- evidence concerning increased exposure to various inhaled allergens primarily relates
to asthma prevalence and morbidity, and does not directly relate to asthma mortality.

Nevertheles;s; it is certainly plausible that such allefgens may be indirectly causing

asthma deaths, and thus contributing to the gradual rise in asthma mortality.
Asthma severity

Various studies have examined thé zssociation between markers of asthma severity and
risk of asthma death in adults, These have involved three markers of chronic asthma
sevefity: (1) a hospital admission during the previoﬁs 12 months; (2) prescription of 3
or moye categories of asthma drugs; and (3) prescription of oral corticosteroids. All

three markers of chronic asthma severity are associated with an increased risk of
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subsequent death (Pearce et al,, 1995),
Characteristics of the asthmatic

Severél studies have examined characteristics of the asthmatic which may beassociated
with an increased risk of death. It has been noted that the risk of asthma death in
adults is associated with psychosocial problems and other psychological characteristics
(e.g. depression and the denial of asthma symptoms) of the patient, as well as the
underlying severity of the asthma (Arrighi, 1995; Pearce ef al., 1995). Strunk ef al.
t(1 985) have reached similar conclusiaps in a small study in children, which found that
various psychosocial factors were aamclated with an increased risk of asthma death,
including conflicts between the patient’s parents and hospital staff regarding medical

management, depressive symptoms, and disregard of asthma symptoms.
1.4 The genetics of atopy and asthma

Studies of monozygotic and dizygotic twins raised apart show that genetic factors are
important in the etiology of atopic asthma and other allergic diseases. There is little
doubt that there is a major hereditary contribution to the etiology of asthma and
allergic diseases. However, the inheritance of asthma and allergy does not follow
classical Mendelian patterns that are characteristic of single-gene disorders (Cookson,
1994; Sandford et al., 1996). The inheritance pattern of asthma demonstrates that it
is 2 “complex genetic disorder”. A similar complex inheritance is seen in disorders

such as hypertension, atherosclerosis, diabetes mellitus and arthritis. All of these
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diseases show a clear hereditary pattern, but the mode of inheritance cannot be simply

classified as autosomal dominant, recessive, or sex-linked (Sandford ef al., 1996).

Another important feature that disténguishes these complex genetic disorders from
single-gene disorders is their prevalence. Atopy in the Western world has a prevalence
of'40-50% (Dar:ie}s et al., 1996), with asthma occurring in 4-8% of the poputlation, and
aflergic rhinitis reported in 25% of some populations, as compared to the most frequent
Meﬁaelian disorder affecting the lungs, cystic fibrosis (CF), which occurs once in every
2000 live Caucasian births, which is approximately 100 times less frequent than asthma
. (Sandford et al., 1996). Possible reasons that these conditions are not inherited m a
simple Mendelian fashion include the foltowing: (a) there may be a number of genes
that predispose people to develop these complex traits - either more than one gene in
the same individual (polygenic inheritance) or different combinations of genes. in
differeaxé individuals (genetic heterogeneity); and (b) environmental factors may be -

necessary for expression of the disease phenotype “Sandford et al,, 1996).
" 1.4.1 Candidate genes for atopy and asthma

Figure 1.2 illustrates the functional roles of the various candidate genes that have been

implicated in the pathogenesis of allergy and asthma.
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Figure 1.2 Functional roles of various candidate genes that may be involved in the
pathogenesis of atopy and asthima. The candidate genes are shown in the boxes: (1)
specific MHC/HLA class II antigens allow specific inhaled allergens to be presented
more effectively to T lymphocytes by monocytes and other antigen presenting cells. (2)
Specific T cell receptor (TCR) types allow more effective T cell responses to particular
~ combinations of MHC/HLA 1I antigen-allergen complexes, (3) More active, or
increased production of IL-4 results in enhanced IgE synthesis. (4) Enhanced binding
and signalling by high affinity IgE receptors on mast cells, basophils and other effector
cells cause an exaggerated response to allergen-IgE complexes, causing the release of
more inflammatory mediators and more IL-4, which in turn further boosts IgE levels
by a positive feedback loop. (5) The allergic inflammatory response to mediators and
cytokines is increased because of the decreased antiproteolytic activity of alpha-1-
protease inhibitor (¢, PT) and other antiproteases, and/or because of a disruption of the
protease-antiprotease balance. (6) The smooth muscle response to contractile agonists
released from effector cells is enhanced due to defective or downregulated B,-
adrenergic receptors (from Sandford et al., 1996).
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Linkage to Chromosome 11q13 and the High-Affinity Immunogiobuiin E

< Receptor

Chromosome 11q13 was implicated in the pathogenesis of atopy during a random
genome search by Cookson et al. (1989), although further =vidence exists for non-
linkage in many large families (Cookson; 1994). The initial study caused much

controversy over its broad definition of atopy and it’s failure to replicate linkage in

other populatidns (Hizawa et al., 1992; Lympany ez al., 1992). A sib-pair analysis on

743 subjects conducted to reassess the evidence for linkage showed robust evidence

for linkage of atopy to chromosome 11q13. This linkage was independent of the

definition of atopy and was only observed through the female line (matema}
inheritance) (Cookson, 1994). A sgggested mechanism for this was the influence of
the maternal immune system on the foetus or neonate (Sandford et al., 1996) or
impr'inting of the patemal copies of the gene (Hopkin, 1995). Imprintiné is a process
by which a particular gene is differentially activated or silenced (probably by the
demethylatioﬁ or methylation of CPG islands on the gene) depending on the sex of the
parent from whom it was inherited from (Razin & Cedar, 1994; Sandford et al,, 1996).
It was suggested that the atopy gene was only expressed when inherited from the
mother, indicating that immunological interactions between mother and child, rather
than genomic imprinting, might be responsible for the maternal effect on the inheritance

of the atopy gene on chromosome 11q13 (Daniels et al., 1996).

22



In subsequent studies, investigators have used a maternal inheritance model for the
linkage analysis. Shirakawa and colleagues (1996) found linkage to an atopy gene on
chromosome 11q13 in a Japanese population, All these observations support the

notion that atopic asthma is indeed a polygenic disorder.

The most likely position of the atopy gene was found to coincide with that of the high

affinity receptor for IgE (FeeRIP) (Sandford ef al., 1993). Linkage studles of the
FcePJ,’j ocus have generated conﬂxctmg results and it has been suggested that FceRIf
(or another gene nearby) may predispose patients to bronchial hyper-responsiveness,
rather than to atopy (Van Herwerden ef al,, 1995). A variant of the FceRI receptor
(Leu 181) was detected that segregated with atepy when maternally inherited, a finding
which supported the hypothesis that FceRIf was the gene responsible for the linkage
in 11q13. A possible model for the action of this mutation is that it increases the signal
transduction activity of the receptor. This change would also increase the level of
activation of mast cells which release interleukin 4 (JL-4), which would, in turn,
stimulate the synthesis of higher levels of IgE (Sandford ef al., 1996). The study by
Shirakawa and co-workers (1996), also showed the absence of association between
atopy and gastric intrinsic factor (GIF) and CD?20 (the 5' and 3' flanking genes of
FeeRIB, respectively), further supporting the candidacy of FoeRIP as the atopy gene
on chromosome 11q13. Another two studies have also shown positive associations
between atopy phenotypes and polymorphisms in the 11q13 region; one within the

FceRIP gene (Shirakawa et al. 1995) and one with a marker from the 11q13 region

(Hizawa ef al., 1995),
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Linkage to Chromosome Sq and the Cytokine Gene Cluster

The cluster of cytokine genes on chromosome 5q31 has made this region of the
genome attractive with respect to containing an atopy gene. Recently, a linkage of
total serum IgE levels to the IL-4 gene in this region has been reported in 11 large

Amish families (Marsh, et al., 1994).

In the p;eseﬁce of linkage , siblings who share alleles from tﬁe‘ marker would be
expected to have similar IgE levels, and those not sharing these alleles would be
expected to have a la’;/;;ér Siifference in their IgE levels. The sib-pair analysis
demonstrated that the strongest linkage evidence for linkage was found at the IL-4

gene locus (Marsh ef al., 1994; Sandford, et al., 1996).

Another study found that evidence for linkage of total serum IgE levels was
significantly higher when o{nly subjects with relatively low IgE levels and without
specific IgE responsiveness were included in the analysis (Postma, ef al., .:1995;
Sandford, ef al., 1996). This study suggests that specific IgE responsiveness is a
confounding factor in the analysts of the genetics of total serum IgE and it also shdwed
that a trait for total serum IgE is co-inherited with a trait for bronchial hyper-
responsiveness (Postma, ef al., 1995). A second group has published data showing
linkage to chromosome 5q with high levels of IgE assumed to be recessive (Meyers,
et al., 1994). Further segregation analyses showed evidence for a second major locus

unlinked to chromosome 5q (Xu ef al., 1995).
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The same group has also shown linkage of markers in this region with a phenotype

based on bronchial hyper-responsiveness (Postma ef al., 1995). In these studies the

region with the best evidence for linkage was not found to be around the IL-4 locus but

in an adjacent region around the 3,-adrenergic receptor gene. This finding makes the

- B,-adrenergicreceptor gene a candidate for the bronchial hyper-respc;hsiveness linkage,

because variants in this gene have been associated with hyper-responsiveness (Postma

etal., 1995; Sandford et al., 1996).

None of the studies had sufficient power to produce an accurate localisation of the

disease gene, and there are many possible candidates in the region, including IL-4, IL- -«

5, IL-13, interferon regulatory factor-1 and granulocyte-macrophage colony

‘stimulating factor (GM-CSF), (Sandford ef al., 1996). It is also possible that mﬁré |

than one of these loci may be involved in the pathogenesis of atopy. Further progress -

with linkage analysis will therefore be difficult, but association studies may be able to
define the important loci (Sandford er al., 1996). It has been suggested that a
polymorphism within the IL-4 gene regulatory region may be a candidate for this

linkage (Boyer ef al., 1995),

Linkage to chromosome 14q and the T Cell Antigen Receptor (TCR)

Linkage has been demonstrated between the o region of the TCR locus and specific
IgE responses (Moffatt ez al., 1994). The evidence for linkage was assessed using 312
sib-pairs. The linkage pattern suggested a recessive genetic effect that was detected

in two separate population samples. The results of this study showed that a gene or
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genes in  the TCR-¢ reglon may modify specific IgE responses in atopic individuals
(Moffatt et al., 1994) The region also contams the & chain TCR gem‘:s which are

found within the o locus; therefore, they are also candidates for linkage (Sandford et

al., 1996). Althoug'h this result has not been replicated independently, it Suggests that

polymorphisms within.the TCR genes may limit an individual’s ability to respond to

specific antigens (Sandford et al., 1996).

[t 5
i i

Human Leukocyfe Antigen (E[LA)/Maj or Histocompatibility Complex (MHC)

In efforts to further understand the role of the immune response in asthma, both

population and family studies have examined relationships between HLA type, asthma
and atopy. Compa}isons between studies are complicated by differences in the ethnic
grouﬁ studied, the phenotypic definitions and the HLA typing methods (Sandford ez

al., 1996).

The HLA class II antigens (designated DP, DQ and DR) play 2 key role in antigen

presentation and therefore influence the specificity of the imn-.:ne response, Many-

associations between class I alleles and IgE hyper-responsiveness fo specific allergens
have been investigated. In general, significant associations are found only with highly
purified simple allergens and not with more complex ones (Sandford et al., 1996). For
example, the complex allergens of house dust mite (Der p and Der f) have not been
assoc1ated w1th a specific HLA type, however specific epitopes of Der p have been
identified at the amino acid leve! and have been shown to be present by speCtﬁc HLA-

DR and DQ gene products (Sandford ef al., 1996),
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In contrast, ina récent study by Young and colleagues (1994) that tested the responses
of 431 subjects to six aeroallergens, found that there was very little evidence to suggest
an important role for HLA in atopy.

0 |

Few studies have linked HLA antigens directly with allergic asthma, some of which

suggest a HLA-linked recessive gene controlling IgE responses to specific allergens.

Disease associations with HL.A were first studied with class I antigens (designated A,

- B and C). In some cases, the original class I HLA associations could have been the

result of linkage disequilibrium with a class I allele or an unrelated gene outside the

HLA region (Saﬁfgrd et al., 1996). This phenomenon may explain some of the

(]

conflicting results of atopy #ssociations with the class 1 antigens, \

‘A family study of class I haplotypes in house dust mite allergy reported an HLA-linked

recessive pattern of inheritance for nasal allergy and specific IgE levels to house dust -

mite. In particular, HLA-B 8 (which is in linkage disequilibrium with DR 3) has a
possible role in the pathogenesis of atopy. HLA-B 8 is well known for its association
with autoimmune diseases and because both autoimmune diseases and atopy result
from hyperimmune responses, B 8 may be a marker for decreased immunoglobulin
suppression (Sandforciét al., 1996). This suggestion received further support from the
recent finding of linkage of a region on chromosome 6 (near the class I antigens) to

eosinophil counts (Daniels et al., 1996).

After 25 years of HL.A typing atopic and asthmatic subjects, there are now powerful

-Jergy models with which to further study the molecular basis of the human immune
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responses, HLA loci have been identified as candidate genes for the pathogenesis of
atopy and asthma, primarily due to the role of class IT antigens in anti gerji‘j{v/)resentation
~and T cell restriction, The presen.e of a particular HILLA allele may be necessary but
not sufficient for hyper -3'esponsiveness to an epitope. Future studies may implicate an
HLA locus in combination with one or more other candidate genes (in particular the
TCR loci) (Sandford ez al,, 1996). Such studiés will be needed ifHLA fyping is to be

powerful enough to predict individuals at risk for atopy or asthma.
B,-adrenergic receptor

The possible involvément of the B,-adrenergic receptor in bronchial asthma has been
a long-standing hypothesis (Szentivanyi, 1968)., With this in mind, studies wére
conducted to determine whether any variants of the gene could be detected and
whocher any of them could be associated with asthma. The result was the discovery
gf nine different point mutations, four of which caused amino-acid substitutions. None
of these mutations were more prevalent in asthma patients than in normal control
subjeqts (Reihsaus et al., 1993; Barnes ef al., 1995; Turki ef al., 1995). However, in
the asthma group one mutation (substitution of glycine for arginine at position 16)
correlated with more severe asthma as indicated by the use of corticosteroids and
immunization therapy. This study suggests thiat mutations in the f,-adrenergic receptor
gene do not play a primary role in the pathogenesis of asthma but may modulate the
severity of symptoms in affected individuals (Barnes ¢t al., 1995; Turki et al., 1995).
These observations could explain the decreased B,-adrenergic responsiveness observed

in the airway smooth muscle from fatal asthma, a finding that is not seen in airway
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tissue obtained during surgical resection from less severe asthmatics (Sandford ez al.,
1996).

s

Alpha-1-Proteinase Inhibitor (o P

The gene for ¢,PI has been known to play a role in the pathogenesis of chronic
obstructive lung disease (which includes asthma) and may result from a disturbed

balance between extracellular matrix (ECM) protease$ and their inhibitors (Walls, -

11995), resulting in the destruction of alveolar walls (Cox, 1995). ’Studies have

- provided evidence for the involvement of this important proteinase inhibitor in

bronchial asthma (Gaillard et al., 1994; Cox, 1995). There are two main alleles
associated with o, PI deficiency, denoted Z and S. A study of 151 children with severe
asthma found similar frequencies of the Z allele in the asthma group compared to the
control group. However, the children with steroid-dependent asthma contained more
Z heterozygotes than the nonsteroid-dependent asthmatics and normal control subjects.
This suggests a link between the Z allele and asthma severity (Sandford ef al., 1996).
There have been other reports concerning asthma and the «,PI gene. One of the most
common alleles at the &,PI (locus) is known as M, and one report has identified an
increased prevalence of M, in asthmatics (Gaillard et al., 1992). The association of
bronchial hyper-responsiveness and S heterozygosity has beeﬁ detected in a group of
asthmatic families (Townley ef al,, 1990). In addition, there have been reports of an
association between asthma and another antiprotease deficiency; that is low levels of

o-antichymotrypsin, However, the genetic mechanisms have not yet been elucidated

(Sandford et al., 1996).
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Other candidate genes

There have been studies suggesting that atopy, asthma and bronchial hyper-
responsiveness are associated with heterozygosity for cystic fibrosis (CF) of the
pancreas (Gerrard, 1985). It was found that hetefozygosity for the most common CF
allele (AF508) may protect against a{é'lhma. It was suggested that this heterozygote
advantage could account for thg%\high prevalence of the allele in thé Caucasian

population, however further studies have not been able to find an association between

CF and atopic asthma (Sandford et al., 1996).

Similarly, a possible connection between asthma and familial Mediterranean fever

(EMF) has recently been investigated. The high rate of heterozygosity for the FMF
_ A

gene in some populations suggests that there may be a heterozygote advantage for

FMF, however the results of this study was inconclusive (Sandford ef al., 1996).

A plausible candidate for corticosteroid resistance in asthmatic subjects is the
glucocorticoid receptor gene, A missense mutation in this gene had previously been
found to be responsible for familial glucocorticoid resistance (Hurley etal, 1991). In
one study the investigators analysed s::, ¢ ‘rticosteroid-resistant and six corticosteroid-
responsive asthmatics and compared the data to the wild type gene sequence. Asno

mutations were found in any of the subjects, this suggested that the cause of

'-...gox:ticostezoid..msistance-int.hese.asthm‘atics.does.not.iie-inxhé.simcwrebf}-ﬁ.t;is.géne.--. .

o a .

| (Saﬁdford et ‘ai., 1996).
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The results of a recent study have provided evidence that the gene for interferon-y
(INF-~y) may be involved in the production of the atopic state. INF-y is a good
candidate gene for atopy, since it acts as an antagoﬁist to IL-4 and downregulates the
producticn of IgE from B cells (Tang et al., 1994). The authors found that low cord
blood INF-y levels were predictive of atopic symptoms at age 12 months, suggesting
that reduction of INF-y secretion is’a cause rather than a result of the atopic state

(Tang, et al, 1994).

There are complete genome searches underway that systematically attempt to
discover all the genes involved in susceptibility to atopy and asthma. The results of
these searches will identify additional candidate genes from those known to be part of
the allergic pathway. It is also likely that i)reviously unknown genes will be identified.
This search should lead to considerable advances in our knowledge of the mechanisms

- that lead to asthma and other ailergic diseases (Sandford ef al., 19§6).
1.5 Mechanisms of airway inflammation in asthma

Until recently, asthma has been viewed primarily as a respiratory disease of acute
airway obstruction. Thus, research and therapeutic attention focussed principally upgn
mechanisms leading to acute bronchospasm. Consequently, first-line therapy consistﬁéd
of bronchodilators to regulate airway smooth muscle contraction. The contribution
of other components of airway obstruction, as well as the potential benefit of anti-
asthma therapy directed towards control of these abnormalities, has been largely

neglected. However, the approach and focus in asthma therapy and concepts of
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pathogenesis have begun to change cvs}msiderably.

There is currently a general concensus that patients with asthma have inflammatory
changes in the airway wall, with increased numbers of activated mast cells, eosinophils,

macrophages and T-lymphocytes. In addition, there is commonly epithglial shedding.

" These changes have been observed in bronchial biopsies of even the mildest of . .

 asthmatic patients and have been observed in patients with asthma of different clinical

types (Saetta ef al.,, 1992).

Itis non becoming clear that cytokines released from inﬂannnat:;ry and structural cells .
in the airway fnay play a major rc;nle in co-ordit;'iating and perpetuating chronic
inflammation. Identification of the cytokines involveﬁ in asthma and their effects on
ce}l function is now an important focus for research (see Figure 1.3). Cfcokinés
products chronic changes in cell responsiveness by infiiuencing the transeription of
certain g:a;xes that may result in the altered expressionk’;pf receptors, enzymes and

regulatory proteins (Muegge & Durum, 1990).
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Figure 1.3 Schematic representation of airway hyperreactivity and inflammation in

asthma, emphasising a parallel rather than sequential interrelationship (from Chapman
et al., 1993).
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Elucidating the mechanisms that are involved in the development and perpetuation of
the inflammatory and obstruction of the airways that is characteristic of asthma is
crucial. The following briefreview ofthe cells participating in allergic airway reactions
focuses on the cellular and mediator mechanisms that are believed to be essential for

the asthmatic diathesis.
1.5.1 Mast cells

Mast cells (MCs) are high affinity IgE receptor bearing cells that are present in the
aiﬁway epithelium which appear to be activated in allergic and inflammatory responses.
Mz‘Lst cell mediators such as histamine and tryptase are present in bronchoalveolar fluid.
Mast cells may be activated by an inhaled allergen via an IgE dependent mechanism

(which involves the cross-linking by allergen, and internalisation of IgE receptors),
(Nilsson & Schwartz, 1995). Mast cells possess high-affinity receptors which bind IgE.
Cross linkage of cell-bound IgE by binding of allergen results in a rise in intracellular
calcium concentration and activation of protein kinase C, leading to phosphorylation
of a granule membrane protein. Mast cell degranulation releases histamines and
tryptase (Marom, 1991), This IgE-mediated mechanism initiates arachadonic acid
metabolism to generate leukotrienes and prostaglandins, which in conjunction with
histamine, are undoubtedly involved in the bronchospastic response of thei: airway
smooth muscle contractile properties (Drazen & Austen, 1981), The MCs generation
and release of chemotactic factors then sets the stage for recruitment of other
inflammatory cells to the airways, and the development of the late asthmatic response

(LAR) (see Figure 1.4).
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Figure 1.4 Mechanisms involved in the development of airway inflammation and
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(Valent, 1994). Both IL-3 and stem cell factor (SCF), a uniqae activation factor for

BN

It. has been reported that murine MCs synthesise a variety of cytokines upon IgE
receptor aggregation and internalisation, and although data on the cytokine production

by human MCs are limited, it is possible that MCs are pivotal in recruiting and priming

) inflammatory cells in sensitised individuals (Arm & Lee, 1992). In vitro studies have

demonstrated that several different cytokines are produced by MCs, including

interleukins (IL}-3, 4, 5 and 6, interferon (INF)~y and tumor necrosis factor (TNF)-o

v

human MCs, are the major cytokines involved in MC differentiation (Valent, 1994). T
Furthermore, emerging data suggest a similar MC cytokine profile in humg.r.’f‘*{}i alenf,’
1994). The ability of MCs to produce such a plethora of cytokines provid;s?\‘f Tm with
§§eat,ﬂote11tid for interactions with other cell types to modulate homeostatic, allergic,
inflammatory and host defence functions. Furthermore, an autoctine role for these

cytokines on cell function, growth and differentiation should be considered (Nilsson &

Schwartz, 1995).
1.5.2 Basophils

Basophils have long been considered the circulating counterpart of MCs. Their exact
function remained elusive for many years, however, recent studies have shed some
light on the contribution of basophils to various illnesses. The blood basophil count
increases during the pollen season, suggesting that basophilopoiesis may be influenced

by environmental factors, such as allergens (Alam & Grant, 1995),
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The fate-phase allergic response (LPR) induced by antigen challenge in highly allergic

patients seems closely related to the naturally occurring reaction in chronic allergic

disorders. The number of metachromatic cells increases at the site of LPR,

Since both basophils and mast cells release similar mediators, the exact contribution of

each cell type proved difficult to determine (Alam & Grant, 1995). However, it was

» discovered that the profile of mast-cell/basophil-derived mediators released in the early

and late phase allergic reaction is not identical. Histamine is detectable in both phases.

, ‘Prostaglandm D, (PGD,), a major medlator produced by mast cells, but not by -

o

: basophxls is detectable in the early but not the Tlate phase allergxc reaction (Nacleno et

al., 1985).

_ Metachromatic granules of basophils contain a large number Of pharmacologxcally '

‘active medlators that are released upon basophil activation. Medxators are typlcally

clasmﬁed as preformed and newly generated. The preformed mediators are hlstamme
neutrophil chemotactic factor, N-a—p-tosyl-L-arginine methyl ester hydrochloride

(TAME) esterase and kallikrein, while the leukotrienes LTC,, LTD, and LTE, and

platelet activating factor (PAF), are the most important lipid mediators that are

generated almost immediately after allergen challenge (Busse ez al., 1994; Alam &

Grant, 1995).

It has been well established that viral infection of the airways causes exacerbation of

asthma, Although the mechanism of such an exacerbation may be eomplex, incubation _

of basophils with viruses results in enhanced mediator release and chemotaxis
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(Chonmaitree ef gl., 1991). Thus, the heightened mediator release from basophils may

exacerbate the symptoms of asithma.

T
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1.5.3 Eosinophils

Of the effector cells in asthma, the eosinophil has possibly the most important and
potentiaily pivotal role in generating airway inﬂammatioin. TF« biology of thd
eosinophil is an indication of this cell’s potentiat relevance to astlima (Weller; 1991;
Howell, 1995). In 1975, Horn and coworkers examined the usefulness of total
eosinophil counts in the diagnqu +=nd management of steroid dependent asthma. They 3
found that egsinopl{lil counts in a sohort of asthma patients paralleled disease severity.
Total eosino,philj bm{nts were inversely related t;) pulmonary function and a rising
eo;inopﬁl count was found to be associated with increasing bronchial obstruction as
reflected by changes in speciﬁé conductaﬁce, fdrced expiratory volume in 1' Sécond

b

(FEV, ), and maximum mid-expiratory flow rate.

Recent data indicate that eosinophils themselves can elaborate proinflammatory
cytokines in allergic reactions. Initial studies demonstrated that human eosinophils
express and release transforming growth factor § (TGF-B) and interleukin-1 (IL-1),
(DelPozo ef al., 1990; Wong et al., 1990). Although the relevance of TGF- to
allergic inflammation is unclear, IL-1 has the capacity to induce adhesion-molecule
expression on endothelial cells and is itselfan eosinophil activator. Recent studies have
suggested that eosinophils have the capacity to synthesize IL-3, GM-CSF and IL-5

(Desreumaux ef al., 1992; Kita et al., 1991; Mogbel ez al., 1991).
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Thug, although the T lymphocyte is considered to be a major source of these cytokines,
)J, i iy

Nt

it is possibléfj that eosinoplﬁls themselves also contribute to-"Me overafl cytokine

production in allergic airway inflammation. This raises the possibility of an autocrine
TR,

mechanism whereby stimulated eosinophils may both reléase and respond to cytokines,
/ )

suc/gas“l]fl, IL-3, IL-5 and GM-CSF. Thus there is the potential for a self-

perpetuating cycle, with continuous eosinophil infiltration and activation, and

consequently chronic inflammation (Bjérnsdottir ez al., 1995).

Besides autocriﬁe generation of cytokines, such as IL-3 and GM-CSF, the eosinophil

can synthesize and secrete lipid mediators, such as LTC,, L.TD,, LTE, and PAF, which

can further mediate bronchoconstriction and vascular permeability. Macrophage

processing of antigen results in release of cytokines, such as IL-1 and INF~y, which

activate endothelium by up:g ’r’égﬁigtting adhesion-molecule expression (ICAM-1,

VCAM-1 and ELAM-1). This leads to transendothelial and intestitial nﬁgratlign ofthe

. )
eosinophil (Bjérnsdottir ef al., 1995).

Erroute to the airway, eosinophil priming occurs and is governed by multiple factors,
inc]ucﬁn g endothelial adhesion, migration through lung matrix, trans-epithelial
movement and exposure to pruinflammatory mediators and activators. The generation
of IL-4 by Th2 lymphocytes can selectively induce endothelial expression of VCAM-1
and pla}; a pivotal role in isotype switching from IgG to IgE. Thus, sensitized tissue
mast cells bind plasma-cell-derived IgE and release inflammatory mediators into the

airway, resulting in the immediate asthmatic response (Bjornsdottir ef al., 1995).
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The interplay of these mediators and cytokines induces migration of the eosinophils
from the circul/gtion to the bronchial tissue. On arrival in the airway, the eosinophil is
again acted upSn by cytokines, generated by lymphocytes, mast cells and the eosinophil
itself, thus further priming the cell and enhancing its capacity as a proinflammatory cell,
through release of prefomiéd granule medi;ltors in de novo-generated lipid/ gxcdiato;fs
and reactive oxygen speciss, contributing to LAR (Bjorasdottir ezal., 1995), Ttis clea?
that eoéinophils are a major component of the inflammatory réspoﬁse observed in
asthma and that p;oducts derived from eosinophils are capable;of producing the
o _ b

physiclogic and histopathologic findings compatible with asthma. However, thefactors

~ which initiate the phenomenon of eosinophilic inflammation have not Been completely

* defined. Although allergen sxposure can be implicated in some patiegts, a specific

inciting or perpetuating agent cannot be identified in il subjects. The recent
' §

observations indicating a dependence on the presence of functional T lymphocytes to -

produce LAR eosinophilic inflammation of the airways, suggest that a product derived
from T lymphocytes will be the “activation” factor for eosinophils. However, further
in-depth studies of eosinophil-T-lymphocyte interaction will be required (Bjornsdottir

et al,, 1995),

' 1.5.4 Neutrophils

The evidence that neutrophils play a critical role in bronchial asthma is controversial,

Neutrophils appear 10 be normal resident cells of the largsr airway. Similar numbers

of neutrophils have been found in bronchial wash and in bronchial biopsies in asthmatic

subjects, in subjects with chronic bronchitis and in control healthy subjects (Kirby et
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1., 1987, Fabbri and Claccxa,,-zl, Saetta e al., 1992). The fact that the number qf
cells is no different does not exclude the possibﬁity that cells may have a. different
degree of activation, For instance, the plasma chemotactic activity for neutrophils is
increased and peﬁpheral«blood neutrophils show markers of activati@ during active

3

asthma, after exercise-induced asthma and during early and late asthmatic reactions

4

induced by allergens and toluene diisocyanate (TDI). (Sastre et al., 1990).

Interestingly, the percentage increase in plasma bneutrophil chemotactic activity
correlates with the percentage decline of FEV, of the early asthmatic reaction (Sastré
et al., 1990). In humans, bronchoalveolar neutrophilia occurs before the onset and
during the first few hours of the allergen-induced late asthmatic response and the
increase of neutrophils is much larger than the increase of the ;mmber of airway
eosinophils, the neutrophil increase usually precedes the eosinophil incréase, the airway
neutrophilia and the increased plasma chemotactic activity and activation of circulating
cells are all prevented by anti-inflammatory steroids and cromolyn, which attenuate
: _spontaneous allergemprecipitated asthma éttacks, théreby suggesting as association
.‘ betweenl asthma attacks and the migration and activation of neutrophils in airways.
Circulating neutrophil-gsnerated superoxide anion (Q,-) is increased in young
asthmatics and correlates with the degree of histanﬁne—indilcefi bronchial

hyperesponsiveness (Fabbri et al., 1995).

Even stronger evidence for the role 6f neutrophils in asthma comes from several studies
which have demonstrated that these cells have the ability to synthesize and release

immunoregulatory cytokines, which include TNF-q, IL-18, and the IL-1 receptor
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antagonist (IL-1Ra), IL-8, transforming growth factor (TGF)-B1 and IL-6, although
cie-evidence for the release of the latter is contfiadictory. All these cytokines
(excludihg IL-1r2), as well as granulocyte colony-stimulating factor (G-CSF) and GM-

CSF significantly prolong neutrophil survival (Cassatella, 1995).

In addition, the neutrophil is a potential source of a wide variety of mediators,
including potent lipid mediators such as prostaglandins, thro;_nboxanes, leukotrienes B,
~ and PAF, which may then contribute to airway respbﬁﬁé”s‘aﬁd/ or exacerbation of the
énﬂammatory response. From lavage studies, it is known that there is a neutrophilia
present befére, during and after late (but not early) asthmatic reactions induced by

{1

" allergens (I\detzger etal., 1987).

Although there is substantial evidence that neutrophils may be involved in asthma
attacks and asthma exacerbations, and although neutrophil products can indeed alter
airway function, the role of these cells in causing the pathologic and physiologic

features of asthma remains to be established,
1.5.5 T lymphocytes

It has long been recognised that CD4" T lymphocytes, after activation by specific
antigen , have the ;L.;ity to orchestrate the influx of granulocytes and other cells into
chronic inflammatory reactions in the presence or absence of antibodies (“cell-
mediated” immunity)., It has more recently becore clear that this control is exerted

through the release of lymphokines, which influence the differentiation, life span,
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accumulation and activation of specific granulocytes. It is likely, therefore, that CD4*
T lymphocytes play a role in all i*Tammatory responses which are ant_igen-driven,

including those which characterise asthma (Corrigan & Kay, 1995).

CD4* T cells are divided into Ty and <@‘};§i_;s)3bt)rpes, depending on their cytokine

producing profile: Ty, celis produce IL-2, TNF-f and IFN—y,’ mediate classical cell

mediated im'rm%ne responses to delayed hypersensitivity and are well suited to induce
enhanced ant\in%igrobial activity in macrophages (Figure 1.5) (Paul & Seder, 1994;

Busse et al., 1&?95).

regulate B lymphocyte differentiation int:o antibody-secreting cells, and which modulate

allergic responses (Figure 1.5) (Paul & Sﬁder, 1994; Busse ef al;, ‘1’9‘95). It has been

suggested that a selective imbalance, or inappropriate activation of Ty or Ty, clones
is crucial to the pathogenesis of allergic and chronic inflammatory disorders (Figure

h 1.6) (Péitz, 1991). The discovery of a ﬁmcﬁbﬁal dichotomy of activated CD4* T

lympho }:y\. ~~ which have the propensity either to mediate delayed type hypersensitivity

' (DTH) reactions and suppress IgE synthésis (Tyy) or to mediate aﬂéréic and asthmatic

inflammation and promote IgE synthesis (Ty,,), is likely to have a profound impact on
our understanding of the pathogenesis of asthmatic bronchial inflammation and
inappropriate IgE synthesis (Corrigan & Kay, 1995). Of importance when assessing
the role of T cells in asthma, is the fact that these cells are able to generate a memory
response, which partly explains why patients have recurring symptoms of asthma upon

exposure 10 appropriate stimuli (Peltz, 1991; Busse ef al., 1995),

43

| Ty clones: produce IL-3, IL-4, ]L-S; IL-6, IL-10 a}id possibly 'IL-9, all of which




i

4]

THE o iFNoy =——e=  Lyriphakine Medisted cyiotoxicity

Fenn =3
v

: - Complement
S @ G2 e e diated
. ‘ 4 . .= Rylotomicity

IFN-y TNE-)

, Anuibogy deperident
et QI i@ Gidted Cytolonicily
Phagocytosis :
Inteacaniuiar killing

Macrophage

R [FN-y TNF-
R FHTTNES

.

Eosinognil | - 4
proganitor | ~———=t= { EOSINORNI | cmmom Madiaiz relesse

'/lgE.
i

\IgE‘\
samsanpetsae

IgM1gGy et Antibody

M""l‘ — Hadisior relense
ce

g SHmulstary 3.3, u_

iL-10
C==smmemrCr Inhibitory

’ .
r Difterentlation | [ Crossregulation 7 [ Ellectar Function
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1995)
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Figure 1.6 Schematic diagram indicating the development of chronic inflammation and
allergy as a result of selective activation of CD4" T cell subsets, Protective immunity
results from a balanced or appropriate activation of CD4" T cell subsets, while
immune-mediated disease results from excessive or biassed activation of a particular
subset (from Peltz, 1991).
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Not much is known about the nature of the activating antigen(s) in asthma, In cases
where a particular provoking antigen can be implicated (e.g. in experimental allergen
challenge and occupational asthma), it should be possible to test whether or not

antigen-specific T lymphocytes can be linked to disease pathogeﬁ’éﬁ?-}gy determining
; i
the cloning frequency of allergen-specific T lymphocytes retrie\///;d from bronchial

biopsies or BAL fluid. In other cases (e.g. asthma no:g]associated with atopy), the task

is much more difficult, since there is no clue as to the nature of the provoking

.antigen(s). In such cases, the antigens might originate from an external source

(aeroallergens or Viruses); alternatively, it is possible that CD4" T lymphocytes in

g

asthmatics may inappropriately recognise antigens within the bronchial mucosa; in

. 4o’ther words asthma may be an “autoimmune” disease (Corrigan & Kay, 1995).

* One indirect approach to this problem might be to examine the qy;s-éige of antigen

receptor V[ genes by T lymphdcytes in the bronchial mucosa of ‘intrinsic’ asthmatics,
Limited usage of V] genes would suggest that the T lymphocytes are responding to

a single antigen (although it is unlikely that th: particular antigen could then be

- identified) (Corrigan & Kay, 1995). “1'his approach has been used to demonstrate; for

example, that the T lymphocyte response in a subset of patients with Crohn’s disease

- was relatively oligoclonal, suggesting a response to"a single’ (unknown) antigen

(Postnett et al., 1990).

It seems clear that a better understanding of the antigen specificity and functional

- capacity of CD4" T lymphocytes in the asthmati& B,roﬁchial mucosa will play a large

part in our further understanding of the pathogenesis of the disease.
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1.5.6 Macrophages and monocytes

Alveclar macrophages (AM) are the most prevalent cells in the airways of normal{
“subjects and symptomatic or asymptomatic asthmatics. Although eosinophils are
:"clearly most characteristic of asthma and correlate with its severity (Bousquet ef al,,

1990; \i’alker et al., 19991), the critical processes which control keosinop‘hil influx is

not kﬁown. It has been proposed that AM subserve this role in asthma (Fuller, 1989).

Macrophages may pl;‘ty a pivotal role in asthma and allergic disease by directing the

recruitment and activation of inflammatory cells, by generating factors which directly

promote bropchpspasm and tissue injury, and by production and release of cytq}{ines
which modulate and control the auway inﬂaﬁnmtory response. The evidence that AM

;:ontribute to airway inflammation can be grouped._into several broad areas; (1) AM

are the most numerous cells of both the conducting airways and the distal airspace in
“-’Bea!th, in quiescent asthma, and in clinically active asthma (Calhoun & Jarjour, 1995);

(2) AM bear low-affinity surface receptors for IgE (Fc RII, CD23) and can be ictivated

for proinflammatory functions by binding of antigen to IgE‘;ﬂlnked to those receptors;

(3) is the capability of AM to produce a broad range of médiators, cytokines, and

inflammogens. which are plausibly or experimentally linked to asthma and allergic

responses, and (4) AM from asthmatics and other allergic subjects are ‘ﬁmctionally and
pnenotypically distinct from normal macrophages and from those in other pulmonary

diseases (Calhoun & Jarjour, 1995),
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AM and mononuclear cells express Fc,RII (CD23). The proportion of monocytes and
macrophages expressing CD23 is increased in allergic patients compared to normal
individuals and is further enhanced following airway antigen challenge (Borish ef al.,

1991). Macrophages and monocytes are also activated by antigen in an IgE-dependent

{
i

manner to transcfiﬁe and secrete cytokines (IL-18) and TNF-o. (Borish ef al., 1991),

produce superoxide anion, release f$-glucuronidase and other lysosomal enzymes and ,

augment cyto;oxicity (Calhoun & Jarjotﬁ', 1995).

Upon activation, AM and mononuclear cells release a plethora of co‘m“pounds which
héve been implicated in or linked to asthma. These factors can’be broadly grouped as:

(1) chemotactic factors such as LTB,, IL-8, completnent fragments and a neutrophil _

chemotactin distinct from TL-8, all of which can serve to recruit granulocytes; (2)

cytokines and other cell-activating factors which includes IL-1 B, TNF-qa, IL-6 and
GM-CSF; (3)' smooth muscle and mucous gland activators, including LTC,, PGD,
(smooth muscle spasmogen), endothelins 1 and 3 (regulate smooth muscle tone), LTB,

and IL-1P (promote dose-dependent mucous glycoprotein secretior); and (4) direct

" inflammogens which include B-glucuronidase, neutral proteases and several lysosomal

* enzymes, which, as mentioned previously, aré released following IgE receptor cross-

linking, and all of which are believed to be instrumental in amplifying the inﬂammatory

response (Arm & Lee, 1992; Calhoun & Jarjour, 1995; Drazen et al., 1995).
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~ 1.5.7 Piatelets

Platelets release a variety of autocoids, which are capable of inducing certain aspects.

of the inflammatory response. These include platelet activating faé\f;fr 4 (PF-4) which
is a chemoattractant for neutrophils, monocytes, and eosinophils; vgg,i;iot;g lipoxygenase
metabolites of arachadonic-acid metabolism; and cationic p'roieins (which induce
vascular permeability and neutrophil accumulation), as well as a variety of mediators
acting on airway or vascular smooth muscle (Page, 1995). An increased number of |

s
P TN

circulating platelet aggregates has been reported to occur in asthmatic subjects.

Platelet activation has been shown to accompany both allergen and exercise-induced

bronchoconstriction, and nocturnal asthma. Platelet activation within the systemic

girculation is often associated with trapping of platelets within the microvasculature of

TR Ak e

. the iung which has been observed in a number of iuﬁg tissue b‘iopgféé frgxn/as“thmatic

subjects undergoing allergen-induced late-onset airway obstruction (Page, 1995).
Platelets have also been observed on the epithelial surface of symptomatic, but not
ésymptgmatic subjects, in histologic sections of lung tissue obtained from asthmatic
subjects (Jefirey ef al., 1989). There is certainly overwhelming evidence that the
platelet is more than an innocent bystander, and the precise contribution of this cell

type to the pathogenesis of asthma requires further studies.
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1.5.8 Epizcjlelial damage ,

The epithelial lining of airways is a complex structure with several roles in airway
function: (1) protection and regulation of airways from the external environment; (2)
- regulation of fluid and ion transport across the airway and into the airway lumen; (3)

- .+ .-~ potential modulation of airway-calibre and airway smooth-muscle tone; (4) potential-

iy

7 modulation of inflammatory cells and mediator secretions (White & Leff, 1995).
b .

- Perturbation of these functions may contribute substantially to airway inflammation,

cedema formation, mucous plugging, and bronchoconstriction in the late asthmatic

state (White & Leff, 1995).

e ]

Several factors are believed to play a role in the epithelial damage seen in asthmatic

airways. These factorsinclude: (1) the cytotoxic effects of erinophil-ﬁeﬁved products

- postmortem studies of status asthmaticus patients; (2) active oxygen radicals, neutral

h ;ﬁfoteaseS' anci the effects of subepithelial oedema; (3) respiratory tract viral infections
Wﬁich are known to cause large-scale epithelial damage in the airways of non-asthmatic -

individuals, and which are known to exacerbate asthma in children and in aduits; and

(4) physiological death (PCD), probably via apoptosis, which facilitates the detachment

of groups of cells from the basement membrane (Holloway ¢t al., 1995; White & Leff,

1995).

Although the bronchial epithelium basement membrane is of normal thickness in

asthmatics, there is a dense deposition of collagen fibrils beneath the basement
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membrane, which could contribute further to chronic damage within the epithelium

(Arm & Lee, 1992; White & Leff, 1995). In addition, damaged epithelium could

initiate cytokine signals, thereby altering host defence responses to signals for normal

repair and restoration, all of which is likely to contribute to the severity of airway

‘obstruction and bronchial hyperreactivity in asthma (Holloway et al., 1995, Wh‘te &

Leff, 1695).
, 1.5.9 Eicosanoids

Eicosanoids is a term that was derived from eicosa (20 carbon atoms), -ene (indicates

that double bonds are present-in the compounds), and -oid (indicates structural

sﬁnilarity to one another) (Kleeberger & Freed, 1995). Leukotrienes, prostaglandins
and thromboxanes are important mediators of bronchial asthma, They are potent pro-
inflammatory and spasmogenic compounds and they are present in asthmatic airways
at rest and during acute asthma attacks (Arm & Lee, 1992). Figure 1.7 shows the
arachadonic acid cascade that results in the metabolism of leukotrienes (LTs),

prostaglandins (PGs) and thromboxanes (TXs).

Leukotrienes

The leukotrienes are biologically active fatty acids derived from the oxidative
metabolism of arachadenic acid. They consist of the cysteiny! leukotrienes LTC,,
LTD, and LTE, and the non-cysteinyl leukotriene LTB, (Drazen, 1995). The

formation of the cysteinyl leukotrienes results from five distinct processes: membrane
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bound arachadonic acid is cleaved from cell membranes, probably by cytosolic

phospholipase A,; the cleaved arachadonic):;’ ,';:;c}igui—itex‘acts with 5-lipoxygenase which
o7

adds molecular oxygen to the arachadonic av.d to form the unstable intermediate 5-

hydroxy-eicosatetraenoic acid (5-HETE), or is converted to the unstable intermediate

| epoxide LTA,; LTA, is then converted to LTB, by an epoxide hydrolase or by

glutathione-S-transferase to LTC,; LTC, is cleaved by y-glutamyl-transpeptidase to

LTD, and furtherto LTE, by a variety of dipeptidase (Figure 1.73} (Arm & Lee, 1992;

Drazen et vl., 1995).

Prostaglandins and Thromboxanes i

Arachadonic acid is released to the cell via hydrolysis of phaspholipids by

phospholipase A,, phospholipase C, and/or diglyceride lipase. The prostaglandins and

I

" thromboxanes are generated from arachadonic acid through the c;ycloxygenasépathway

)

(i}x‘lngerger & Freed, 1995). Cycloxygenase (prostaglandin endoperoxide syntﬁetase),
located in endoplasmic reticulum and nuclear membranes, catalyses the oxygenation

of arachadonic acid to prostaglandin endoperoxide-prostaglandin G, (PGG,), which is

subsequently reduced to PGH, by peroxidase activity. The PGH, compoimd then

becomes a substrate for the terminal enzymes to produce thromboxane (TX) A, or to

prostaglandins PGD,, PGF,,, PGE, and PG, (Figure 1.7) (Arm & Lee, 1992).
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Figure 1.7 The metabolism of arachaddnic acid by 3-lipoxygenase and cyclooxygenase R

pathways to leukotrienes (LT), prostagiandins (PG) and thromboxanes (TX); aspirin
and other non-stercidal anti-inflammatory drugs (NSAIDs) inhibit cyclooxygenase,
while ¢orticosteroids inhibit phospholipase A, (from Bush & Ashbury, 1995),. . *
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1.6 Nnmc oxide

A pptential neurotransmitter of the non-adrenvrgic inhibitory nervous system is nitric
oxie (NO). NO is formed from L-arginine by the removal of the terminal
” guanidonitrogen groups. The prbcess is catalysedbya cﬁOsoIic, nicotinamide adenine
dinu;:leOtide phosphate (NADPH)-dependent enzymé, tentatively labelled NO synthase
(NQS) (Pueringer & Casale, 1995). NOS e?;isis in’,two main isoforms: cdnsti‘iﬁ&%)é
NOS (cNOS), which acts locally, to form 2 small amount of NO and mediatés
endotheliumfdepéndent vasodilation zad non-adrenergic, nonicholineréic neural
responses, dnd inducible I\J E»"}(iNOS) which is induced by cytokines such as TNF-¢,
IL-1f and INF-y (Barnes & Liew, 1995). |
. NO might play a role ia the eosinophilic inflammation that is characteristic of asthma,
| and high concentrations of the gas may contribute to epithelial damage and shedding
in asthmatic airways (Liggett etj}al., 1995). It has zﬂéé been suggested that the
inappropriate activation of NO synthesis by airway epithelium might augment and
perpetuate asthmatic inflammation by inhibiting Ty, IFN-y production (Bames & Liew,
1995). The consequence of this would be an increase in IL-4 and IL-5 production by
Ty, cells, which would upregulate IgE synthesis (IL-4) and recruit eosinophils into the
airways (IL-5) (Figure 1.8) (Hamid ez al., 1993; Barnes & Liew, 1995; Liggett et al.,

1995).
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" Treatment of smooth muscle preparations with a scavenger of superoxide, superoxide

dismutase, potentiates NQ-induced smooth-muscle relaxation. NO appears to
contribute a portion of the bronchodilating activity of the non-adrenergic nervous
system. Indeed, NO has been shown to be a potent bronchodilator in isolated guinea-

pig tracheal smooth muscle. Moreover, there is at least some evidence to suggest ‘that,

| m humans, NO may be the predominant non-adrenergic bronchodilator. Although the
- mechanisms by which NO mediate airway smooth-muscle relaxation is unkrnown, NO

c? Ses lead to the productioh of cAMP (Pueringer & Casale, 1995).

©
o

With‘their known bronchodilating and anti-inflammatory effects, the putative
heurotransmitters of the non-adrenergic system are:‘potentiauy protective against some
of the m;nifestationé of asthma. Therefore, a reduced functional amount of NO could
potentiate“t’he symptoms of asthma. Effective therapy directed at altering non-

adrenergic inhibitory nervous system activity has not yet been developed, however with

the recognition of NO as a potent bronchodilator, efforts at developing a potentiai

“exogenous nondegradable source of NO may lead to new therapeutic strategies

(Pueringer & Casale, 1995).
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- Figure 1.8 The role of nitric oxide (NO) in asthmatic inflammation. NO produced by
epithelial cells and macrophages in asthma inhibits T}, cells, allowing the activation of
Ty, cells, which results in the release of IL-4 and IL-5, These cytokines stimulate IgE
synthesis and eosinophil invasion of airways. Inhaled glucocorticoids might inhibit
TNF-a, IL-1f and IFN-y-induced iNOS expression by epithelial cells and, thereby,
reduce airway inflammation (from Barnes & Liew, 1995).
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1.7 Asthma in children

- .- " O R L meeera w

1.7.1 Epidemiology and natural history

Although asthma in children is a condition which e\‘rery paediatrician and general family
practitioner encounters frequently, there are a number of important facts and equally
- important misunderstandings about childhcod asthma which require clal‘iﬁcatidﬁ. The
' importéhce of asthma in children both to the individual child, the family and the

community cannot be overemphasised. In mést cieveloped societies» asthma is a
| common cause of chronic ill health. In one study in young children it wagfound that

: S

some two thirds of alf drugs prescribed were for the treatment of whéez\x\;ng and 7%

of all children had missed school (for 2 median period of 7 days in a year) because of

wheezing (Godfrey, 1997).

Asthma is a leading cause of morbidity among children throughout the world. In the
US, asthma accounts for 2.2 million paediatrician visits per year and 28 million
restricted activity days. In various surveys, the incidence of asthma measured at 10 to
15 year intervals showed that in the 8-13 age range there had been an approximare
doubling in asthma in‘the past 10 yearsw (Eg;rleston & Széfier, 1955; ;Godfrey; 1§9’f).
' R&sk factors for both morbidity and mortality trends include race, urbanisation anc\lr

poverty. Both mortality and hospitalisations are 3 times higher in black than in white

persons. However, when poverty is accounted for, hospitalisation rate differences

between black and white children almost disappear. Racial differences in asthma

morbidity may be related to differences in access to care or a cultural over-reliance on
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crisis-oriented cgire through emergency rooms (Eggleston & Szefler, 1995).

The median age of onset of asthma is 4 years; > 20% of children develop symptoms
within the first year oflife. Risk factors for early onset include atopy. This risk factor
is clearly genetic, in that parental history is almost as strong a risk factor as an elevated

level of IgE in cord blood. The association with parental smoking is much less clear,

~and most studies have shown a weak or insignificant association with either the onset

or severity of asthma. Other obvious risk factors for early onset include neonatal lung

disease, reduced lung volumes in otherwise healthy infants and respiratory infections,

especiaily with the respiratory syncytial virus (RSV). Forty to 50% of infants with

RSV broncholitis develop chronic asthma (Eggleston & Szefler, 1995).

In '60% of cases that begin in childho;d, asthma resolves by young aduit life. In
general those who resolve have less severe, intermittent asthma, do not have multiple
positive skin prick tests to inhalant allergens and do not have persistent wheezing.
Some studies indicate that heavy exposure to pollution, allergens or cigarette smoke

may decrease the likelihood of resolution (Eggleston & Szefler, 1995).
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1.7.2 Pathophysiology

Two environmental processes affect the course of asthma. Firstly, those factors that

st

~initiate inflammation and secondly, those that act on inflamed airways to precipitate

immediate obstructive responses.

Initiators of inflammation

A

Respiratory viral infections are more obvious initiators of inflammation in children than

1
in adults. This may in part be because the infant host is immunologically naive and

therefore more susceptible to severe infections with common respiratory viruses and

~ to unusual illness patterns. RSV, which cause “colds” in older children and adults is;

a typical example. In infants, RSV causes a significant febrile illness with a high

frequency of pneuronia and bronchiolitis (Eggleston & Szefler, 1995).

Allefgen exposure is capable of altering asthma symptoms and increasing bronchial

hyper-responsiveness. In children, this applies not only to aeroallergens, such as house .

dust mite (Sporik et a/., 1990), but also to food allergens.

Exposure to passive cigarette smoking has been associated more ciearly with the
expression of allergic sensitivity and with asthmatic symptoms in children. The
association is especially strong when the child is exposed to maternal smoke

(Eggleston & Szefler, 1995).

59




o

(‘v\'
Y

Acute precipitants
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Most asthmatics have acute obstructive responses to various precipitants, including

viral respiratory infections, allergens, exercise, irritants, driigs, and weather changes.

. The association between respiratory virus infections and significant wheezing episodes

in asthmatic patients is much clearer in children, where 60% of such infections are
accompanied by wheezing, than in adults where 20% .of such infections are
accompanied by wheezing (Eggleston & Szefler, 1995}. Wh:n chiidfen are together .
in groups such as schools and day care centres, they are exposed to reépiratory viral
infection more frequently. In addition, day care settings may expose them to highqrf :
concentrations of allergens or cigarette smoke that may also qpntﬁbute to respiratory
disease. In ;)ther cases, children’s response to a precipitant may not be different fron} ‘
that of adults, but the relative importance of a precip}i;ant may be different. For

example, childhood is a much more physical time of life, therefore, exercise-induced

asthma is both more commonly reported and will interfere with normal functioning to

" a greater extent (Eggleston & Szefler, 1995).

Asthma in children is probably due to inheritance of a permissive gene o g-‘ane:; which, ..

if exposed to an appropriate environmental inducing agent, allows the ¢hild to cxevaoa i

the specific type Bf bronchial hyperreactiyity associated with asthma. It appe s.rqthczt -
two thirds of children with asthma v \.L their symptoms entirely and remam v{},
symptom free until middie adult fife. Itis possii;le that the earliéa“ use rsf C{)'fticos/fereids(
therapy in children with moderate to severe perennial asthma may shorten the course

of the disease and improve the long-term prognosis (Godfrey, 1997).
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1.8 New treatments for asthma

it

There are currently only five classes of anti-asthmatic drugs in widespread use: (a) B~

agonists which remain the cornerstone of anti-asthmatic drugs (relax airway smooth

muscle; inhibit mast cell mediator release and results in bronchodilation); t‘c‘ﬁ

-
.

anticholinergicskwhich are used particularly in acute severe asthma and may be of some

~ benefit in nocturnal asthma (inhibits acetylcholine); (c) methylxan@;hixf%s which inhibit

phosphodiesterase and decrease bronchial hypersensitivity; (d) disodium {ﬂ‘{\omo glycate

\
N
Vil W\

" -(DSCG) has been used in the treatment of asthma for the past 20 years anc‘i;‘the_r,elated

igirug nedocromil sodium has been introduced more recently (acts as a mastcell . o

a

stabiliser, inhibit activation of effector cells and mediator release, inhibit chemotaxis

and has an anti-inflammatory action); and (g) corticosteroids, which are recognised as .

fundamental in the treatment of all but the mildest of asthmatics, are now being used

_ in an increasing number of children and at higher doses, particularly in adults (inhibit

phospholipase A,, leukotrienes and prostaglandins, redirect protein synthesis) (Barnes

" etal, 1995).

" have been develdped. These new drugs include:

1. Potassium-channel activators
2. Calcium-~channel blockers
3. Drugs affecting asthmatic mediators

4. Adhesion blockers

", Increased understanding of the pathophysiology of asthma has led to new targets for o
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 dyug development, and in many cases compounds that interfere with these pathways
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1.8.1 Potassiurn-channel activators

Potassium (K*) chiannels are present on smooth muscle, and activation of K* channels
leads to muscle relaxation,},\y K* channels are present on some inflammatory cells, so K
.,chan}nei activators might have additional anti—inﬂamatmy properties (Ba.r?es et»al'.,
“?‘/,995). The K* channel activators ability to reverse bronchial hyper—responé%verg@;s‘ is \ "
' )
believed to depend on hyperpolarisation of vagal neurones and therefore presynaptic G
inhibition (Mo?ley, 1993). For K* channels ayg}f{vators to be of clinical use, the

cardiovascular side effects need to be overcome. Unless the current concerns about f3,-

agonists become more problematic, it seems unlikely that K* channel activators will

supersede them (Barnes et al., 1995).

1.8.2 Calcium-~-channel blockers

Alterations in calcium flux are importait in activating airway sxﬁooth muscle and a
number of inflammatory cells. Calcium antagonists affect voltage-dependent calcium
channels. It now seems likely that receptor-operated calcium channels and intracellular
mobilisation of calcium are of greater importance in asthma as they offer the prospect

of being both bronchodilators and anti-inflammatory agents (Barnes et al., 1995).

1.8.3 Drugs affecting asthmatic mediators

Several pharmaceutical companies are developing new drugs that interfere with the

activity of mediators made by mast cells, basophils, eosinophils and several other
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inflammatory cells (Lichtenstein, 1993). These include PAF antagonists, drugs that
block the functioning of leukotrienes, cyclooxygenase inibitors, which block the
production of prostaglandins, and thromboxanes and bradykinin antagonists, which all

fxelp to alieviate cough and chest tightness (Morley, 1993; Barnes ef aZ., 1995).
1.8.4 Adhesion blockers
Adhesion of mast cells, basophils, eosinophils, T lymphocytes gn,d several other

inflammatory mediator cells to the extracellular matrix (ECM) causes important

regulatory changes in these cells and therefore plays an important role in the

inflamp-atory cascade (Hamaway ef al., 1994). This attachment is mediated by.

LY ,/")

specialised cell-surface receptors/adhesion molecules, and results in the activation of
a!cqscade of intraceliular signalling events that induce cellular responses and regulate
tl;e‘respsnses of these cells to other stimuli (Hamaway et al., 1994). As these adhesion
molecules facilitate the migration of cells from blood to sites of inflammation in tissue,
they are therefore a recently identified target which may be amenable to manipulation
by drugs. These drugs have not yet eritred clinical trials for the treatment of asthma,
but preliminary studies in primates of an anti-intercellular adhesion molecule I
monoclonal antibody showed activity against eosindphil migration after antigen
challenge, but no effect on chronic bronchial inflammation (Lichtenstein, 1993; Barnes
et al., 1995). It has often been claimed that so many mediators and cells are present
in the asthmatic response that a drug acting exclusively against one element is unlikely

to be effective. As more novel therapies become available, it can be seen that this

gloomy prospect is not true. The new approaches to treating asthma will lead to a
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decreased role for older drugs and teach us more about the pathophysiology of theh

condition. It is also salutory to remember that it takes many years before the
importance of a drug is recognised, with inhaled steroids taking 15 years from their
introduction to the recognition of their central role in asthma therapy (Barnes ef al.,

1995).
1.9 Objectives of the present investigation

According to current concepts asthma is _primarily an inflammatory condition of the
bronchi which results from the complex intt;ractions between heterogenous genetic and
environmental factors. Although the environmental allergeiis are fairly well known,
little inférmation concerning the genetic qgﬁerences between atopic and non-atopic

individuals is available. The present study was undertaken in order to determine

whether molecular variation of certain candidate genes may play a role in the

development of asthma in black and white South Africans. The present study was

undertaken in order to: (a) confirm repofted frequencies of alpha-1-protease inhibitor

~ variants in black and white asthmatic patients and control individuals in South Africa;

(b) assess the frequency of the interleukin-1 receptor antagonist (IL-1 Ra), B,
adrenergic receptor and cortisol binding globulin (CBG) variants in black and white
asthmatic patients and control individuals in South Africa; (¢) look for associations
between alpha-1-protease inhibitor, IL-1ra, , adrenergic receptor and CBG; (d) make
comparisons of the above parameters between population groups; and (e) investigate
the expression of IL-1ra in black and white asthmatic patien;s and control individuals

in South Africa.
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CHAPTER 2
THE ROLE OF ALPHA-I-PR&&E]NASE INHIBITOR IN ASTHMA
2.1 Introduction

The current understanding of the relétionship of the plasma profgin ,-PI and human

disease evolved from the discovery by Laurell & Erikson (1963) of a marked reduction

of the al-globuliﬁ peak on plasma protein electrophoresis associated with ‘L,\th.e
develoggént of emphysema. Soon afterwards, it was recognised that the deﬁéiency ,
was duei;a deficiency of one protein. This protein was a serine protease ;nhibitor,

capable of inhibiting protzolytic enzymes with serine at their active site (Travis v&
Salversen, 1983). Siné.{c;}t-fypsin was the first serine proteas;a evaluated as a target for

this protease inhibi’tc;i:‘; the inhibitor was termed alpha-1-antitrypsin (¢,-AT), and t{l;s

hereditary disease called ,-AT deficiency.

o,-AT plays a central role as a protease inhibitor in controlling tissue degradation. As
amajor protease inhibitorin humsan plasma, 0,-AT. can complex.with abrnid spectrom:. .
of proteases, including elastase, trypsin, chymotrypsin, thrombin and bacterial
proteases. The most important inhibitor action is that against leukocyte elastase, a T
protease that degrades the elastin of the alveolar walls as well as other structural - _‘

proteins of a variety of tissues.




2.1.1 Structure of o-AT

,-AT is a glycoprotein consisting of a single polypeptide chain of 394 residues and a
carbohydrate content of 12%,; the resulting molecular mass is 52kDa. The small size
of the protein allows it to diffuse thrpugh interstitial body fluids and into tissues such

as the lung. The locus (PI locus) for ¢,~AT is on chromosome 14, at 14q32.1, close

" 16 the locus for the protease inhibitoi o -antichymotrypsin, and in a claster of ~ '

“ sequence-related genes that includes cortisol binding globulin (CBG) and protein C-
inhibitor. The gené is 12.2 kb long and contains six introns. «,-AT produced in
hepatocytes has a 1.4 kb mRNA transcript, while macrophages have longer RNA

transcript, beginning in exons 5' to the first exon for hepatocyte o,-AT (Cox, 1995).

a,-AT, has been crystallized in its active form (Elliott ef al,, 1996; Elliott ef al,, 1998
and Ryu ef al., 1996) and it crystallizes after proteolytic cleavage at the reactive site
(Loebermann ef al., 1984). Analysis of the crystal structure indicates that the single
polypeptide chain is organised into well-defined secondary structural elements : three
B sheets and eight o helixes. @,-AT contains one cysteine residue, as indicated by both
protein and DNA analysis. No disulfide bridge is present in the protein, although the
thiol group can form a disulfide bond with other proteins, such a the IgA heavy chain

and the thiol group of immunoglobulin x light chain (Cox, 1995).

0,;~-AT shows considerable genetic variability, having more than 70 genetic variants (PI
types), many of which have been sequenced. Most variants are associated with

quantitatively and qualitatively normal 0,,-AT. Further variation can be revealed at the
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DNA level where a numbér of restriétion enzymes reveal palymorphisms.

o-AT is modified during its passage through the endoplasmic reticulum. Some of this
modification is reflected in the micro-heterogeneity observed in acid starch gel and
agarose electrophoresis and in polyacrylamide isoelectric focussing, as is typical for

c0 reteins near their isoelectric point. Eight bands were originally noted, numbered
ycop: p

, from 1 (anodal) to & (cathodal); bands 4 and 6 contain 40 and 35 percent, respecﬁvély,

of the total «;-AT and have isoelectric points of 4.52 and 4.59 (Cox, 1995). Much of |

- the heterogeneity is due to differences in the type of carbohydrate side chain.. Thrge

carbohydrate side chains per molecule are attached at asparagine residues 46, 83, and

247. The carbohydrate chains may be biantennary or triantennary, terrrﬁnating‘i‘n two

or three N-acetylneuraminic acid/{r'e'éiaues. The electrophoretic mobility of o,-AT is

‘ il
. sequentially shifted cathodally by incubation with neuraminidase as N-acetylneuraminic

acid residues are removed.

The gene coding :‘for o,-AT, 12.2kb in length, includes a 1434-bp coding region. The
gene coutains six introns; exons 1A through 1C, the 5’ portion of exons 2, and the 3'
portion of exon 5 are non-coding regions (Figure 2.1). The largest introﬁ"(between
exons 1C and 2), is 5.3kb in length and contains a 143-amino acid open reading framé,
anAlu sequence, and a pseudo-transcription-initiation region. The open reading frame

does not appear to be an actual protein-coding region (Cox, 1995).

Eapmet
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Figure 2.1: (A) PI and other loci in the serpin superfamily cluster on chromosome 14,
as determined by pulsed field gel electrophoresis. PIL = PI-like, CBG =corticosteroid
binding globulin, PCI = protein C inhibitor, AACT = «,-antichymotrypsin. (B) «,-AT
gene and flanking regions. Coding regions are solid rectangles, introns are open
rectangles, and untranslated regions are dotted rectangles, Cross-hatched regions are
exons of macrophage DNA. Asterisks indicate site of polymorphisms for the following
restriction enzymes (those in the square brackets at the right indicate polymorphisms
in the 3" homologous region) : A= Avu II; B = Bam HI, Bg = Bgl II; BS = Bst EII; M
=Msp T, Ma=MaeIll; T = Tag I, RI = Eco RI; Ss = Ss¢ I, S and Z circled = site of
mutations in PI*S and PI*Z, respectively. Genomic probes 4.6 and 6.5, are indicated.
The arrow marks the position of the CA repeat (from Cox, 1995).

68




DNA and protein sequencing studies have indicated homology not only between some
ofthe protease inhibitors, but also between inhibitors and other plasma proteins, as well
as with chicken ovalbumin. Human «,-AT and o -antichymotrypsin share 56%

homology in their coding nucleotide sequences and 42% homology in their amino

 acids. Human a,-AT and protein C inhibitor share 42% amino acid identity. An

unexpectedly high degree of homology has been observed bgtween 0;-AT and two
non-inhibitor human plasma proteins: thyroxine-binding globulin, located on the X
chromosome (58%) (Flink ef a/, 1986) and corticosteroid-binding globulin, located
on chromosome 14 (53%) (Underhill & Hammond, 1989), There is 28% homology

between the amino acid sequences of antithrombin III and «,-AT (Kurachi ez al.,"

1981), ;’and 2'7% homology between C1 inhibitor and «,-AT (Tosi ef al., 1986); the |
position and number of introns is very different howe\)ér, probably indicating a
relﬁ}tive]y ancient divergence from a common ancestral gene several hundred million

years ago.
2.1.2 Physiology of 0,-AT

Alpha-1 antitrypsin inhibits a broad spectrum of serine proteases. Because of its
efficiency of inhibition, broad substrate specificity and ready access to tissues, o,-AT
plays an important role in defending tissues from proteolysis. ¢,~AT inhibits most
serine proteases tested to date, including pancreatic and neutrophil elastase, neutrophil
cathepsin G, pancreatic trypsin and chymotrypsin, collagenase from skin and synovia,
acrosin, kallikrein, urokinase and renin (Cox, 1995). Since 0,,~-AT increases during the

acute-phase response and is also a trypsin inhibitor, and since trypsin inhibitors are
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known to have antibacterial activity, o,,-AT may play some role in resistance to
infection. The association of @,-AT deficiency with a spectrum of inflammatory

diseases suggests that a,,-AT is important in the inflammatory response.

The two major sites of &,-AT gene expression are hepatocytes and the mononuclear
phagocyte family of cells (Permutter ef al., 1985). On average, hepatocytes contain

approximately two-hundred fold more o,-AT mRNA transcripts per cell than do H

Tl

Lt

mononuclear phagocytes, including blood monocytes and alveolar macrophages,

suggesting that the liver is the major site of &,-AT biosynthesis (Perlino ez al., 1987).

The path of «;-AT biosynthesis is :typical of a secretory glycoprotein (Figure 2.2). The
o,-AT istranslated on ribosomes bound to the endoplasmic reticulum (ER). Asthe ¢~
AT polypeptide is synthesised, it proceeds through the membrane of the ER to the
lumen, a process thought to be directed by the 24 amino acid N-terminal signal peptide
on the newly synthesised &,-AT molecule. Within the cisterna of the rough ER, the
three carbohydrate side chains are added as the protein begins to fold into its three-
dimensional configuration. Like other N-linked oligosaccharides, the carbohydrate side
chains of «,-AT are initially added in the form of a branched oligosaccharide,
containing nine mannose residues, anong other components. Once linked to the o,-AT
molecule, the so-called “high mannose” side chains are trimmed and the protein is
translocated to the Golgi apparatus, where the side chain processing of the
oligosaccharides is completed, to form the final “complex” type of side chains found

on mature ¢,-AT (Pfeffer & Rothman, 1987).
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- Figure 2.2: Processes involved in the normal biosynthesis of ®-AT. In the nucleus,

N the mRNA precursor is transcribed from the gene. After splicing and translocation,
the o,-AT is translated on the rough ER. The newly synthesised polypeptide chain is
secreted into the cisterna of the rough ER, the signal peptide is cleaved, the
carbohydrate side chains are added as the protein folds. The initial “high mannose”
carbohydrate side chains undergo proximal trimming, and the protein is then
translocated to the Golgi apparatus. ‘Within the Golgi, terminal modification of the
carbohydrate side chains yields a mature 55 kDa protein (from Brantly et al., 1988)




2.1.3 Genetic Yariation

In 1974, isoelectric focussir 3 in polyacrylamide gel was first introduced for resolution

of PI variants. According to the nomenclature guidelines, with subsequent

_‘modifications according to general guidelines for human gene nomenclature, alleles at

the P’I locus aré designated PI*M, PI*S efc. Phenotypes are designated as PIMZ, P1
M (or MM if confirmed in family studies). Genotype is indicated as PI*M/PI*Z etc
(Cox, 1995). The PI (protease inhibitor) variants, initially identified primarily by the
method of acid starch gel electrophoresis, were named in order‘of their mobility: F

(fast), M (medium), S (slow), and Z (the most cathodal). There are many inherited

“variants of «,-AT (Figure 2.3). PI*M, which can be further classified into subtypes;

is the most commbp allele in all populations. The PI*S allele reaches polymorphic

frequencies in many §epulations, as does the PI*Z allele, which produces a deficiency
of o,-AT . In addition to common variants of o,~AT, more than 60 rare variants of ¢~

AT have been idengified,

The amino acid sequence has been identified for a number of types of &,-AT, either
directly or by DNA sequence analysis, An alanine-valine substitution at amino acid

position 213, noted by amino acid sequencing was further identified by DNA studies

ofboth Z and M1. The alanine substitution is found in about 34% of PI*M1 alleles and |

differentiates two subtypes of M1 : M1(Ala*®) and M1(Val*®). The PI*Z allele has
the Ala® substitution; however , PI types M2, M3, and $ all have valine at position

213 (Nukiwa ef al., 1987).
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Figure 2.3: Diagram of selected anodal (top row) and cathodal (bottom row) PI
variants as revealed by isoelectric focussing in polyacrylamide gels. The positions of
the two major bands of M1 are indicated by the solid lines. Anode at top. (From Cox,
1995)
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The distribution of the PI alleles has now been determined for“fnany populations. In
all populations, Pi*M is the most common allele. 'GPI*Mi ’is distributed in aﬂ
populations with the highest frequency in all populations studied, With PI*M2 the next
most freqlient, while PI*M3 is found to be rel,at%vely uncommon. ’The additional
subtype allele PT*M4 has been described in several popuiations at a frequency of 0.002
to 0.050 (Cox, 1995). In many studies"f no differentiation was made between PI types
M3 and M4, since these allei:as are not easily separated by iscelectric focussing. The
PI*S allele is rare or absent in black and orierital populations, but show the highest
frequency in Spain and Portugal, a lower frequency in France, and low generally in
oth parts of Europe. The frequeﬁcy of PI*Z 1s highest in Scandinavian cou'nt{ies,

and the allele is present throughout white populations including those of the Middle

East, and is absent from oriental and black populations, except in those populations

known to have a white admixture, as in the United States (Cox, 1995).
2.1.4 o ;~-Antitrypsin Deficiency-

The most common of the deficiency alleles is PI*Z, and most individuals with ¢;-AT
deficiency are of PI type ZZ. The estimated frequency of the PI*Z allele in North
American white populations is 0.0122, corresponding to a frequency of P1 ZZ

homozygotes of 1 in 6 700 (Cox, 1995).

The Z variant differs from the M, (Ala*®) by the substitution of lysine for glutamic acid
at position 342, This mutation reduces the stability of the molecule in its monomeric

form and predisposes to a novel protein-protein interaction between the reactive centre
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loop of one molecule and the A f sheet of a second (Lomas ef al.,, 1992). This “loop-
" sheet” polymerisation interferes with the secretion of the molecules from the
hepatocytes and rhacrophages and results in decreased plasma levels of 10%-15% of

normal.

The S variant differs from the M; (Val*®) by the substitution of valine for glutamic

acid at the 264‘;‘position (Brantly ef al., 1988). This mutation also leads to the

production of polymers (Elliott ef al., 1996). This effect reduces plasma a;-AT

concentrations to 60% of normal. .

The S and Z variants have been associated with erhphysema (Brantly ef al., 1988),

liver disease (Brantly ef al., 1988), panniculitis (Pinto ef al., 1993) and asthma (Colp

et al.; 1993). Elliott et al. (1998) provided the first demonstration of Z ocl'-A'I“\\”

polymers in the lungs of patiénts with emphysema. The inactivated o,,-AT is unableto -

play any role in the anti-proteinase screen, and this serves fo exacerbate lung disease

associated with plasma defiency of the Z mutation of o.,-AT (Elliott et al., 1998).

However, several studies suggest that individuals with certain o,-AT phenotypes may
be predisposed to developing asthma, Gaillard et al. (1992) reported an increased
prevalence of the non-deficient M2M2 o,-AT phenotype in white asthmatics in South
Africa, while an increased prevalence of the Z allele of o,-AT was found to be
associated with severe asthma in Swedish children (Cox, 1994; Walls, 1995).
Interestingly, a heterozygote advantage has been suggested to account for the high

incidence of the § and Z ,-AT alleles in the European population. These alleles have
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been implicated in protection against pulmonary tuberculosis (Carrell, 1984).

It has also been shown that contrary to current thinking, common mutations of ¢;~AT
that are associated with mild to moderate déﬁCiency of the protein predict a subgroup
of cystic fibrosis patients with less severe pulmonary disease (Mahadeva et al., 1998).

L 20

r 2.1.5 Amplification of DNA: The Polymerase Chain Reaction
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The development of the polymerase chain reaction (PCR) technique for nucleic acid

[¥]
£

el ampliﬁcatioyn has had a major impact on many diverse areas of both basic and clinical
research, Since its inception (Saiki ef al, 1985), reports on a wide variety of

applications for PCR have received much attention in scientific and medical literature.
b ,
~ This technol}pgy has been shown to have a vast application tc the diagnosis of human
;
disease including such diverse areas as infectious disease, genetic disorders and cancer

{Arends & Bird, 1992; Gunther et al., 1993).
Basic Principle of PCR
PCR is a chemical method of exponentially increasing the concentration of a specific

nucleic acid sequence relative to that of other nucleic acid sequences in the reaction

mixture (Bloch, 1991). The principle of the method is shown in Figure 2.4,
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Figure 2.4: Schematic diagram of (a) a single PCR cycle and (b) the generation of
the short template over the first few amplification cycles (from Bloch, 1991).
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The PCR is an in vitro method based on the amplification of specific DNA or RNA
fragments of defined length and sequence. Amplification greater than 10° fold can be

achieved from very small amounts of complex template. This is achieved by means of
:

two ﬂanking‘bligonucleotide sequences (primers), and repeated cycles of amplification

with the enzyme Taq DNA polymerase.

The template DNA is added fo a reaction mixture containing two synthetic
oligonucleotide primers, ar¥d is first denatured; this is accomplished by heating the
double stranded (ds) DNA target to a temperature aboife its melting point (90-99°C)
for'up to several minutes. The primers are then annealed to complementary strands
of the target DINA with their 3' ends pointing towards each other. The temperature is
lowered sufficiently (40-75°C) for annealing between the primers and the template, but
is left high enough to prevent mismatch hybridization of the primers to similar
sequences elsewhere in the genome. Synthesis/extension proceeds from the 3' end of
each primer as the polymerase adds new residues to the 3' end of the primer, until the
reaction is stopped by raising the temperature to above the melting point for a second
time. The product of this reaction is known as the long product and is of indefinite
length, as only one end of each primer extension is specified by a primer-

complementary sequence (Bloch, 1991),

The second cycle is a repetition of the first cycle, but synthesis on the new strand can
only proceed as far as the end of the mclecule, which corresponds to the 5' end of the
opposite primer (Markham, 1993). After the third cycle, synthesis directed by the

products of the first 2 cycles will be bounded at both ends by the primer sequences, and
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. amplifi¢ation stops

this short template will accumulate exponentially with subsequent cycles, while thelong
product will accumulate in a linear fashion. The short template rapidly outnumbers the
long product, to the extent that it forms the only detectable product molecules when

(typically after 30 cycles of denaturation, annealing and extension)
S',) l, ) B

Ry

(Markﬁam, 19933.
After n cycles, the degree of amplification is 2%, so that aﬁér 20 cycles, IOG-fold
amplification ;esults ‘;){?';Iarkham, 1993). ‘Ex}mnential acéumulation of the short
template does not coﬁtinue inﬁeﬁnitely, and usually enters a plateau phase after
approximately 20 cycles, when reagent concentratio@; become ﬁmiting, the’enzyme ~
becom‘gs exhausted after repeategfi heating and high concentrations of product favo‘g

. » N
re-annealing over new primer binding (Saiki ef al., 1988). Accumulation stopsy. .

Y (‘.'\

altogether at a prod-ct concentration of about 10”M (Bloch, 1991; Markham, 1993).
Reaction componernts

The standard PCR is usually performed in a 50-100ul volume and in addition to sample
DNA (typically 10% to 10° copies of template), contains 50mM KCI, 10mM Tris-HCI
(pH 8.4 at room temperature), 1.5mM MgCl,, 100ug/ml gelatin, 0.25uM of each
primer, 200uM of each ANTP (dATP, dCTP, dGTP and dTTP), and 2.5 units of Taq
DNA {;olymerase (Saiki, 1989). Gelatin, which is used to protect the polymerase, is
preferred over bovine serum albumin as it is less likely to coagulate during
denaturation. Some protocols may also include 10% dimety! sulfoxide (DMSO) to

reduce the secondary structure of the DNA, although DMSO can inhibit the
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polymerase to a slight dégree and reduce the yield of the amplification product (Saixi

et al., 1988).

Thermus aquaticus (Taq) DNA polymerase

The earliest PCR experiments utilized the single-subunit Klenow fragment of

" Escherichia coli DNA polymerase I at a temperature of 37°C (Arnheim & Ehrlich,

1992). However, this enzyme was easily denatured by the high temperatures required

~ for melting therefore fresh enzyme had to be added during every cycle. Thisloaded the

~ reaction with increasing amounts of protein and way extremely tedious (Saiki, 1989).

In addition, the Klenow fragment often produced impure target product (Arnheim &

Ehrlich, 1992).

The isolation of a heat-resistaﬁt DNA polymerase from a thermophilic bacterium
inhabiting,_hot springs, Thermus aquaticus strain YT1, changed PCR intc a sii}énple,
robust reaction that coul;i be automated (Saiki e al., 1988; Saiki, }1989). Taq DNA
polymerase allows primer annealing and extensions to be carried out at an elevated
temperature, thereby dramatically increasing the stringency of most PCRs by
d»ecreasing mismatched annealing to non-target sequences (Saiki, 1989; Arnheim &
Ehrlich, 1992). This increase in specificity increases the yield of::t“he target DNA as the
higher temperatures reduce the inhibitory secondary structure of DNA that is often
experienced (Saiki, 1989). Furthermore, the improved vield is a result of decreased
competition by non-target products for enzyme and primers (Saiki, 1989). The plateau

phase is reached later in the Taq PCR than in reactions using the Klenow enzyme, due
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~ depending on the 'tempvlate‘(Tindall & Kinkel, 1988), with a K
‘, nucleotides/sec/enzyme molecule (Gelfand, 1989). The enzyme has a high rate of I

processivity under suitable conditions and has been reported to havs an extension rate

to the increased specificity of Taq PCRs (Saiki, 1989). The use of Taqg DNA
polymerase also allows for the amplification of much larger fragments (up to 10-kb)
than does the Klenow fragment (<400-bp) (Saiki ef «i., 1988; Saiki, 1989; Bloch,

1991). @

‘ l;ropertig_s of Tagq DNA polymerase

The temperature optimum for DNA synthesis with Tag DNA polymerase is 75-80°C, .

approaching 150

cat

AR
v T
f

of > 60 nucleotides per second at 70°C (Gelfénd, 1989). The extenfision and processing
rates are temperature dependent and are both reduced at lower temperatures (Arnheim
& Ehrlich, 1992). The enzyme is relatively stable, and is not denatured irreversibly

when exposed to temperatures > g0°C (Gelfand, 1989). : o

Purified Taq DNA polymerase does not contain measurable 3'~5' exonuclease “proof-
reading” activity, but does contain a 5'-3’ strand replacement exonuclease activity that
is DNA synthesis-dependent (Tindall & Kinkel, 1988; Saiki, 1989). Biochemical
studies indicate that the “non-proofreading” Taq DNA polymerase produces single-
base substitution errors at a rate of 1 per 9000 nucleotides synthesized and frameshift

mutations at a rate of 1/41 000 (Tindall & Kinkel, 1988; Mattila ez al., 1991).

Taq DNA polymerase is sensitive to magnesium fon concentrations and to the nature
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and concentration of monovalent ions present (Wada et al., 1994). Concentraﬁons of
Mg™ that are higher than 20mM tend to be inhibitory, with 40-50% inhibition at
:lk()mM.f MgClz (Wada et al.; 1994), Modest concentrations of KCl (optirm at
50mM), tend to ”increase the synthesis rate of the enzyme, although higher LKCI o
concentrations are inhibitorgf (Wadaetal., 1994). Low concentrations of urea, DMSO‘,
DMF or formamide do not affect the incorporation activity of Taq DNA polymeras;,
although the presence of 10% DMSO in a 70°C Taq DNA polymerase activity assay
inhibits DNA synthesis by 50% (Gelfand, 1989). DMSO may affect the melting
tempefature (T,,) of the primers, the thermal activity profile of Taq DNA polymerase
and/or ’thé deg;ee of product strand .separation achieved at a particular denaturatior” >_

" temperatiire (Saiki ef al., 1988; Gelfand, 1989).
PCR specificity, sensitivity and optimization
Specificity

The specificity of PCR is achieved by 2 factors; firstly, annealing the prime;s in the
correct orientation within a span of less than 10* nucleotides (Bloch, 1991). The
specificity of the primer-target templete versus nonspecific DNA interaction is
temperature-and salt concentration-dependent (Arnheim & Ehrlich, 1992). Secondly,
specificity is achieved through the use of a thermostable enzyme that allows the
annealing and extension temperatures to be raised to the highest value at which the
lower melting primer-template hybrid is stable (Bloch, 1991). Specificity can be

increased by using “nested priming”, that involves 2 different rounds of PCR: after an
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initial round of amplification with one set of primers, a small aliquot of the PCR
mixture is removed and amplified in a second round with either 2 new primers that are
internal to those used in the first round and that define a target that lies within the

sequence specified by the original primers (nesting), or with one new internal primer

-and one of the original primers (hemi-nesting) (Haqqi ef al., 1988; Bloch, 1991;

Arnheim & Ehrlich, 1992).

Several other factors can potentially affect the specificity of the amplification reaction.

The nucleotide concentration must be enough to ensure saturation of the enzyme, as

fow dNTP concentrations promote misincorporation (Arnheim & Ehrlich, 1992). The
I

primer concentration must be high enough to anneal rapidly to the denatured target

DNA and in later stages, the primers must be able to anneal faster than the target-target

 reassociation (Arnheim & Ehrlich, 1992). Denaturation must be efficient, but not

prolonged, as this would lead to instability of the Taq DNA polymerase (Lynch &

Brown, 1990),

The reaction can also be affected by the sequence and length of the target. Strong
secondary structure in GC-rich areas of denatured strands can prevent the enzyme from
reading the template (Saiki, 1989), while the larger the sequence, the less efficient the
PCR (Markham, 1993). Robust amplification of target DNA greater than 5-kb haisi
been difficult. However, recent experiments (using a two-polymerase system with
3'-5"exonuclease activity) have shown the successful amplification of targets up to 22-
kb (Jeffreys efal., 1990; Barnes, 1994; Cheng et al., 1994). Complementarity between

prismers can hinder the reaction. When the 3' ends of the primers are complementary,
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the formation of primer artifacts (known as “primer dimers”) is enhanced (Watson,
1989). In the presence of complementarity, the partially hybridized primers are
extended by the enzyme and are amplified, sometimes monopolizing the reaction
(Watson, 1989). In the absence of abvious complementarity, it has been proposed that
the enzyme may transiently hold two single-stranded DNA molecules such that their
3' ends are adjacent and may be extended. Any extension increase the stability of the
complex, resulting in the formation of primer artifacts of dimer size or larger (Watson,

1989).
Sensitivity and contamination

The many cycles needed in PCR for the detection of a unique gene sequence that is
present in one or a few cells, increases the opportunities for mispriming and primer
artifact formation (Lynch & Brown, 1990). Both mispriming and primer artifacts

decrease the sensitivity of PCR because of competition for PCR reagents, especially

_enzyme (Lynch & Brown, 1990). “Hot start” PCR, which excludes a critical reagent

(such as enzyme or magnesium) from the reaction until it has reached denaturation

point, is a strategy that minimizes such artifacts (Saiki, 1989).

The immense seasitivity of PCR, which is its greatest asset, ¢an alsn be a limitation
with respect to contamination. Since exponential amplification of target DNA can be

achieved from single cclls, air-borne cellular debris or contaminated reagents present

2 serious risk of false results (Saiki ef al., 1988). Scrupulous “housekeeping” s

thereforepitun tinev: ’ ingcontamination. PCR reactions should be prepared and
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analysed in separate laboratory areas. Other precautions include the use of dedicated
pipettes (i.e. pipettes that are used solely for PCR), aliguotting and autoclaving
reagents, and the use of positive displacement pipettes to minimize aerosolization.

Enzymatic or photochemical sterilization may also be employed (Kwok, 1989). |
Optimization

Primer selection

a) Where possible, select primers with a random base distribution and with an average

\

GC content of 50% - the GC content should be similar to that of the target sequence.

Avoid primers with long stretclies of polypurines, poiypyrimidines or unusual

sequetices (Saiki ef al., 1988; Saiki, 1989).

b) Avoid sequences with substantial secondary structure, especially at the 3' end of the

primer (Saiki ef al., 1988, Saiki, 1989),

¢) Check the primers against each other for complementarity, especially avoiding
primers with 3" overlaps, which could form dimers (Watson, 1989). Primers that bind
to each other will not amplify the target. Many computer software packages are
available that make the task of primer design easy, Most primers should be 20 to 30
bases in length, although longer primers can enhance the specificity of the reaction

(Saiki, 1989),
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The PCR buffer

The PCR reaction buffer is important in determining the outcome of the amplification.

The MgCl, concentration is crucial a’x\xd can affect the specificity and yield of the
)

’ \' reaction’ (Markham, 1993). Excess M;g” results in the accumulation of non-specific
amplification products, while insufficient magnesium reduces the yield (Saiki etal.,
1988). Concentrations of 1.5mM ﬂare often optimal. High concentrations of
'deoxynxlcleotiae t;iphosphates (dNTPs) promote “thermodilnamic inﬁ#dehfty” or
ﬁisinodrporation 5y the eﬁzyme. Concentrations of 200uM have proved to be
suﬁ‘lciént to synthesize 25 pg of DNA. The concentration of dNTPs (which bind Mar*
quantitatively) present in the reaction will detefméne the amount of free magnesiﬁm
available and as a result, any significant changes in the dNTP concentration should be
acco’m:pnied by a compensatory change in MgCl, (Saiki, ef al., 1988; Saiki, 1989).
Concentrations of Taq DNA polymerase that exceed 4 units per 100ul promote the

_~formation of non-specific PCR products and reduce the yield of target DNA (Saiki et

al., 1988),
Cycling parameters

Thevpolymerase chain reaction is performed by incubating the samples at temperatures
that correspond to the denaturation, annealing and synthesis/extension steps in an
amplification pycle (Williams, 1989). Insufficient denaturation will result in no
amplification, while extensive denaturation throughout the reaction may reduce the

activity of the enzyme (Saiki, 1989). The annealing temperature is determined by the
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length and GC content of the primefs, asthe T, of a nucleic acid duplex increases with

““its Tength and with-increasing (G+C) content. High annealing temperétutes (usually >

55°C) increases,) the specificity of the reaction, although " too high annealing

temperétures result in too little product, owing to the réduced likelihood of primer
anfiealing (Williams, 1989). The length of the extension is determined by the length of
f;he target sequence - it is uééfui to begin by allowing 1 minute for each kilobase kof |
Seéfixencé (Saiki, 1989). The extension step can be eliminated if the target DNAis <

) : |\ ‘
150-bp, as the polymerase retains sufficient activity at lower temperatures and

~~complete extension will occur during the transition from the annealing step to the - -~

denaturation step (Saiki, 1989).
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2,16 Aims of this study

The present study was undertaken:

(a) to confirm reported frequencies of 0,-AT variants in asthmatic patients and control

individuals in South Afica,

(b) to investigate the frequency ofthe two haplotypes of the M1 phenotype of gI-AT,

- M1(ala®™) and Mi(val*®), in asthmatic and non-asthmatic individuals, and

(©) to find out whether there is any association between the variants other than M1M1

of 0,-AT and the severity of asthmatic patients.

2.2 Materials and Methods

2,2.1 Materials

The following materials were obtained from Promega (Madison, WI): Agarose,
acrylamide, dNTPs, Taq DNA polymerase, Bst EIl restriction endonuclease and
proteinase K; the oligonucleotide primers were synthesized by Genosys
Biotechnologies Inc. (Woodlands, TX); the bis-acrylamide, ammonium persulfate and
TEMED were from BioRad (Hercules, CA), the Ampholines were supplied by

Pharmacia (Uppsala, Siveden); the double-distilled water was from SABAX

(Johannesburg); PCR tubes were supplied by Laboratory and Scientific Equipment Co.

(Johannesburg); the Coomassie Brilliant Blue and the mineral oil were from Sigma
Chemical Co. (St. Louis, MO); the Whatman filter paper was from Whatman

International (England); the DNA molecular weight markers were supplied by
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BioVentures Inc (Murfreesboro, TN); the 2ml eppendorf'tubes were supplied by Treff
Laboratories (Switzerland); all other reagents used were of analytical grade (Merck,

Darmstadt, Germany).
2.2.2 Subjects

Twenty-nine white asthmatics (10 female) and 30 black asthmatics (12 female) were
recruited from the Asthma and Respiratory Clinics of Hillbrow and Johannesburg
Hospitais and from Krugersdorp Hospital (Paediatrics). The thirty-six black controls

(10 female) and 54 white co gp’x’g (20 female) were either blood donors who presented

i N TR .
- | . . . :
themselves at the South Affitan Blood Transfusion Services in Johannesburg or

outpatients at the Johannééburg Hospital Paediatric Nephrology Clinic. None of the
controls had a history of atopy or any disease process associated with the respiratory »'
systﬂex"n, All individuals who partici‘pated in the study were 4-45 years of age, and each
éubject gave informed consent (or in the case of minors, consent was obtained from
parents) to participate in the study. The Committee for Research on Huxﬁan Subjects

of the University of the Witwatersrand approved this protocol.
2.2.3 Astiima and Atopy

Each patient had a history of bronchial asthma as defined by the American Thoracic
Society, namely a history of transitory or prolonged episodes of dyspnea, coughing and
wheezing, but was otherwise healthy (American Thoracic Society Statement, 1962).

The diagnosis was confirmed in each patient by the finding of at least one of the
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following: a forced expiratory volume in one second (FEV) < 70% of the predicted
value with reversibility of 20% or more following inha.ation of a § ,-adrenergic
bronchodilator, or a fall in peak expiratory flow rate of at least 20% during a

standardised exercise test. -

Atopy was defiried as a positive skin prick test at least 2mm greater than a negative

. control and a positive specific IgE titre (>0,35kU/L) or a high concentration of total

serum IgE greater than published normal values for children, or greater than 400kU/L
in adults. Asthma was classified as mild, moderate or severe using the classification of

Scheffer (1991).
'2.2.4 DNA extraction

The polymerase chain reaction (PCR) requires a source of nucleic acid (DNA or RNA)
for ampliﬁcation. The technique is highfy tolerant of impurities in the DN.A samplethat
is being amplified, and the degree of nucleic acid purification necessary before PCR—
amplification depends on the cdmplexity and chemistry of the sample matrix, as well
as on the target sequence. It is usually necessary to deproteinase a biological sample
to ensure the removal of extraneous proteases, nucleases and phosphatases that might

destroy reactants that are crucial for the amplification reaction (Bloch, 1991).

e s Rl

Conventional DNA extraction methods usually employ detergents to solubilize cell
components and proteolytic enzymatic degradation of DNA-bound proteins (Maniatis

etal., 1982). This step is followed by extraction with organic solvents such as phenol
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andhprecipitatio»n of the nucleic acid with ethanol (Maniafis etal., 1982). Although this
standard techﬁ;'que is PCR-compatible, a variety of faster, simpler metths have
emerged. The method developed by Higuchi (1989), and which was used in the
present study, allows for the efficient release of DNA from rucleated blood cells. It
obviates the use of organic extraction and ethanol precipitation, and instead ailoWs for
the diréct addition of cells or nuclei to a PCR-compatible solution that ::ontains
" nonionic detergents (which lyse cell membranes by removing integral proteins) and
‘px‘"oteinase K (which canbe inactivéted by heat). This mgthod eﬂicienzly releases DNA
from = 3#1 0° nucleated cells, and the DNA can tten be amplified by PCR with ittle or
‘no inhibition (Higuchi, 1989). Porphfrins, which are derived from heme present in
blood, may»be the most potent cell components inhibitory to PCR and in order to
separate porphyrins from nuclear DNA, this extraction method lyses cell membrgnes
and pellets nuclei and cell débri& A number of p:slleting and washing steps remove
haemoglobin that is released from blcod cells, as well as RNA and cytoplasmic DNA,
The resulting pellet, containing nuclear DNA| is finally resuspended in proteinase
K/detergent solution. The final yield is approximately 20ug of nuclear DNA/Imi of

blood (Higuchi, 1989).
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Lysis buffer

0.32M sﬁcrose , 10.9g
10mM Tris base 0.121g
5mM MgCl, ~ 0.101g

1% Triton X ImL .

Dissolve the above reagents, except the Triton X, in 90mL double-distilled (dd) H,0,
adjust pH to 7.5 with HCL, add 1mL Triton X and make up to a final volume of

100mL with ddH,0. Autoclave and store at 4°C (or in aliquots at -20°C for long-term

storage).
D

‘ PCR/Storage buffer

50mM KCl 0375 g

2.5mM MgCl, 0.050 g
- 10mM Tris base 0.121g

0.1mg/ml gelatin 0.010 g

0.45% “Nonidet” P40 (NP40) 45.0 uL

0.45% Tween 20 45.0 pL

Dissolve the above reagents, except the NP40 and the Tween 20, in 90 mL ddH,0,
adjust the pH to 8.3 with HCI, add the NP40 and the Tween 20 and make up to a
final volume of 100 mL with ddH,0. Autoclave and store at 4°C (or in aliquots at -

20°C for long-term stcrage),
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Extraction protocol

Ten millilitres of venous blood was collected from all subjects into EDTA-coated
tubes and DNA was extracted from the blood using the following modification of the

Higuchi (1989) method,

1. M 1000 pL EDTA~containing blood" with 1000 uL lysis buffer in a 2 mL
eppendorf tube,

- 2. Centrifuge at 6000xg for 15 seconds.:

- 3. Carefully pour out the supernatant, add ‘1 mL lysis buffer and resuspend tf;t,a pellet
by gentle pipetting.

4. Repeat steps 2-3 twice (no more than 4 washes should be used, as more washes
result in degradation of the DNA). |

5. Centrifuge at 6000xg for 15 seconds.

6. Remove supernatant and carefully resuspend pellet in 300 pL of PCR buffer. Add
10 uL proteinase K (10 mg/mL).

7. Incubate at 56°C in a water bath for 1-3 hrs (not longer than 3 hrs).

8. Inactivate the protease by boiling the samples at 95°C for 10 min.
Twenty-five uL. of this lysate is equivalent to 1 pg of genomic DNA.

The integrity of the extracted DNA was determined by electrophoresis in 0,7% (w/v)
agarose gels in IXTBE buffer (0.089M Tris-borate, 0.002M EDTA, pH 8.2) at lOOV

for 20-30 min (Appendix II).
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2.2.5 a;-AT phenotype study -

Blood specimens were collected into EDTA-containing tubes. Plasma was separated

oon the day of collection and stored at -60°C until analysed. «,-AT phenotypes were

identified by isoelectric focussing in polyacrylamide gels. Polyacrylamide gel
electrophoresis is one of the most useful methods for the analysis of protein mixtures.

Tsoelectric focussing (IEF) is used for the fractionation of molecules that only differ in

“net charge (Andrews, 1987). The technique is performed in non-sieving media (such

as polyacryiarrxide gels) and is capable of very high resolution, especially when shallow,
immobilized pH grc/;;?ent§ are used (Andrews, 1987). Inaddition; macromolecules that
differ in their isoelectric ‘point by as little as 0.001 pH units can be separated efficiently

(Robard et al., 1974). =

The technique is based on a moving boundary, and amphoteric substances (e.g. amino

I8

acids and peptides) are separated in an electric field which has both pH and voltage
gradients (Davis, 1986). The anode region has a lower pH than the‘\catho‘c:le area and
a suitable pH is maintained between the electrodes - the pH range is chosen such that
the molecules being sepa:fated have their isoelectric points within that rarIge (Davis,
1986). Substances are positively charged at pH regions below their isoelectric point
and they migrate toward the cathode, but as they migrate, the pH increases and the
substances become zwitterions with no net charge so that migration stops (Davis,
1986), Similarly, substances which at first occur at pHs above their isoelectric point
is reached, at which stage migration ceases (Davis, 1986). Asa resillt, amphoteric

substances are focussed into narrow stationary bands (Davis, 1986), IEF is a principal

%4
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C"technique for the analysis and charécterization of proteins, peptides, glycoproteins,
lipoproteins, phosphoproteins, cell membrane proteins, isoenzyme patterns and studies
with nucleic acidsv and glycosaminoglycans (Andrews, 1987). <‘IEF is thus used in
clinical, forensic and genetics laboratories for the separaﬁon and identification of serum
proteins (Davis, 1986). -
Detection of proteins after electrophoresis is most commonly c;one by'staining with the
organic dye Coomassie Brilliant Blue, the principle Bieing that electroglorphs take up
a general proteinr stain (Constans ef al., 1980). This &eteétion method is ébmmon due
to the factk ti;at it produces little background staining, because the colloidai form ;;’the

dye’does not ernter the gel (Nivinskas & Cole, 1996).

The ,-AT phenotypes were identified using the following modification of the IEF

method by Constans ef al, (1980). A 0.5mm thick gel was prepared by dissblving

0.97¢g acry’;;{amide, 0.03g bis-acrylamide and 2.67g sucrose i 19.3 mL of water. One
~ ,

|
I

millilitre of Ampholines, pH 4.2-4.9 and 30 pL of TEMED were added and the
solution was degassed for 3 min. Thereafter 1 mL of a freshly prepared 10%
ammonium persulfate stock solution was ad''ed and the gel was poured into a
124x257x0.5mm LKB Multiphor gel mould. The gel was allowed to set for 30 min at
room temperature, and thereafter refrigerated (4°C) for 15 min. Electrode strips
(17mm Whatman or LKB paper wick 1850-911) were soaked with 0.1 M sodium
hydroxide (0,4 g/100 mL distilled water) for the cathode (the negative electrode) and
0.04 M phosphoric acid (0.5 mL/100 mL distilled water) for the anode (the positive

electrode). The gel was pre-focussed for 30 min at 800 V, 10 mA, 10 W. The samples
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were applied on paper inserts (17 mm Whatman) to the cathcde end of the gel and

.
p
SN 4

wets focussed for 45 min at 500 V, 8 mA, 8 W. "The inserts were then removed and |
 the gel focussed for étrfurther 1 hir 45 min at 1200 V, 14 mA, 14 W. Thereafter, the

.+ bands were sharpened for 45 min at 2500 V, 14 mA, 8 W. After migrqtion, the gel was
b
stained in a 0.1% solution of Coomassie Brilliant Blue (45% methanol, 10% glacial

A
Ny
S .

. i ’ d
acetic acid) for 1 hr at 37°C and rinsed in distilied water. Following destaining (45%

- methanol, 10% glacial acetic acid), the phénotypes were read A(Figure”Z.S &26). o

0

e
oS
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MS MM, MM, VM, MM, MM, MM, MS MM, 22 MZ MM, MM, MM, MM, MM, MY MM, MM, MM, MM,
& X R . . . ! . ) ) i ) . ‘ : ‘\‘15

Figure 2.5: Selected o,-AT variants observed in human sera using isoelectric
focussing in ultrathin polyacrylamide gels. The anode is at the top.
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anode is at the top.

Figure 2.6: Selected o,-AT variants observed in human sera using isoelectric
focussing in ultrathin polyacrylamide gels, including the S and V allele. The
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2.2.6 0~AT genotype study

Total genomic I”T)NA was extracted from EDTA-containing whole blood according to

'

the Higuchi method (1989), modified as described previously. The polymerase chain
/

reaction (PCR) was used to amplify exon 3 of the o;-AT gene containing an obligatory

and a polymorphic BstE II restriction site, used in order to differentiate the M1

~ subtypes (Gaillard et al., 1994). The following 30mer primers were used (Schwartz

et al., 1989),
153: 5'-CCC ACC TTC CCC TCT CTC CAG GCA AAT GGG- 3
155: 5' -GGG CCT CAG TCC CAA CAT GGC TAA GAG GTG- 3'

The amplified sequence is 360-bp long. This sequence has an obligatory and a
polymorphic BstE II recognition site, The fragment will either be cut into two (310-bp
+ 50-bp) or three (227-bp + 83-bp + 50-bp) fragments following digestion with the
- enzyme BstE II (Figure 2.7). Amplification (by PCR) was performed in a reaction
volume of 63 pL, containing 1 pg of genomic DNA, 0.2 mM each of dATP, dCTP,
dGTP and dTTP, 10 mM Tris-HCI buffer (pH 8.3), 50 mM KCl, 1.5 mMHMgC\2

(0.01% gelatin) and 1 pM each appropriate amplification primer (Appendix I).

The reaction mixture containing all the components, except the Taq DNA polymerase,
was overlaid with 50 pL. mineral oil and heated to 90°C for 10 min in a Hybaid DNA

thermal cycler (Hybaid, UK). Following a cooling step, whick: reduced the sample
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‘temperature to 56°C , 1 unit of Taq DNA polymerase was added. The samples were

.then.processed. through 30 _sysiles of :.denatusation.at. 92°C. for 2 min,.annealing at. .

56°C for 2 min and extension at 72°C for 2 min. The final step was one of extension
at 72°C for 5 min. e
Restriction analysis of the amplified fragments of exon 3 of the a,-AT gene was

performed as follows:

10 pL of the PCR reactlon mixture was digested with 2 units of BstE II and mcubated
at 37°C for 1 hr. Resolution of the restricted products was perforEmed by
électrdphoresis in‘z% agarose gels. Following electrophoresis, gels were stamé\d with
ethidium bromide (0.5 pg/mL) in 1xTBE buffer (0.089 M Tris-HCL, 0,002 M ié:DTA,
pH 38 2) vneWed under UV illumination (302nm) and photographed with a Polarmd

CU-5 Land camera.

Direct sequencing was carried out using the Thermo Sequenase kit and **P labelled
~ !

terminators (Amersham Life Science, Cleveland, USA), (Appendix I]I)

- 2.2.7 Statistical 'ma

The comparison of the distribution of the different haplotypes in the various:
populations and the association of the different variants with -gev'e—rféy_was'done by

ineans of the Fisher’s exact test.

100




L

Figure 2.7: Bst EIl restriction fragment length polymorphism (RFLP) analysis of
exon 3 of the o, AT gene, for differentiation of the M1(Ala™®) and M1(Val™)
subtypes. Lanel, DNA molecular weight markers; lanes 2 & 7, undigested PCR
products; lane 4, MI1(Ala’"’) homozygote; lanes 3 & 10,
M1(Val*)M1(Ala®™) heterozygotes; lanes 5, 6, 8 & 9, M1(Val™)MI(Val™)
homozygotes.
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2.3.Results

Table 2.1: Haplotype frequency of «;-AT type M1(Ala*?) and M1(Val***) among

black groups having the M1 allele for a,-AT.

N
Asthmatic Patients
Phenotype Number | Haplotype | Number | Haplotype
7 Frequency
M1(ValM1(Val??) 7 MI(Val®) | 28 0.46
M1(ValP*)M1(Ala*?) 14 M1(Ala*?) 32 0,53
MI1(Al*®)M1(Ala>") 9
Total 31 60
Control Individuals
Phenotype Number | Haplotype | Number | Haplotype
Frequency
M1(VaP?)M1(Vai*?) 8 M1(Val?®) 32 0.45
ML(ValZP)MI (Ala?) 16 | MIA®) | 39 0.54
MI(Ala?P)M1(Ala™?) 11
MI1(Ala?®)Y 1
Total 36 71
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white groups having the M1 allele for a,-AT.

Asthmatic Patients
Phenotype Numbey | Haplotype | Number | Haplotype
. Frequency
MI(Val’")M1(Val*?) 8 M1(Val?) 31 ) 0.69
MI(VaP)M1(Al2?) 0 | MIA®Y) | 14 031
MI(Ale?*)MI{Ala?) 1
M1(Val?¥)z 2
MI1(Val)8 1
Mi(Val)M2 P
MI(Ala®)M2 2 /
M1(ValE 1
Total 26 45
Control Individuals
‘Phenotype Number | Haplotype | Number | Haplotype
Frequency
MI(ValPByM1{Val?'?) 26 M1(Val?®) 77 0.79
M1(Val**)M1(Ala*?) 15 M1(Ala*?) 20 0.21
M1(Ala**)M1(Ala®") 2
M1(Val#)s 2
M1(Val* M2 8
M1(Ala**M2 1
Total 54 97

Three asthmatic patients of the 29 had the following phenotypes containing no M1:

1 M2M2, 1 M2S and 1 S8 and were therefore excluded from the table.

103

____Table 2.2: Haplotype frequency of o,,-AT type M1(Ala”) and M1(Val"®) among =




Table 2.1 and 2.2 show the haplotype frequencies of a;-AT in the four different-

population groups. There was a significant increase in the M1(Ala*™) haplotype in the
black groups as compared to the white groups (p=0.0029). When compafing the
phenotypes of o.,-AT, a significant diﬂ‘"erenée was found between the white asthmatics
and the white control group (p=0.0001), whereas no signiﬂqant difference was found
between the corresponding black groups (p=0.2867). A significant difference Wa§
found between all white dsthmatic pati‘ents compared to all black asthmatic patients

 (p=0.0024),

A significant_difference was also found when comparing 16 patients with severe
asthma, 7 of whom had the rarer variants of a,-AT (including 2 M1Z, M18S, SA1M2,
M2S and SS) as compared with 14 patients with mild or moderate asthma with the
MI1MI phenotypes , (p=0.045). A new variant, the MIE oy anespuray Was also
identified (Figure 2.8) in a moderate asthmatic (plasma level 1.51 g/L). Of further
interest, hi's asthmatic mother was also Pi M1E (plasma level 1.60 g/L). The patient
with the SS var’iént (plasma fevel 0.8 g/L), which is extremely rare, was a severe
asthmatic patient. The mutation was confirmed by direct sequencing of exon I of the
o,-AT gene (Figure 2.9). Two patients had the M1Z variant, one of whom was a child
with severe asthma and the other was an adult with severe asthma (plasma level 0.5
g/L) on oral corticosteroid medication and who was also suffering with

gastroesophageal reflux.
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Figure 2.8: Selected o,-AT variants observed in human sera using isoelectric
focussing in ultrathin polyacrylatnide gels, including the M\ Eounnesaura.
The anode is at the top.
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Figure 2.9: Direct sequencing of exon III of the a,-AT gene indicating

a homozygote (1) and a heterozygote (2) individual for the SS mutation
indicating the polymorphic site resulting in a Valine — Glutamate at
position 264.
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2.4 Discussion , ' (( )

/

The incidence of the M1(Ala™) haplotype was significantly higher in the black groups

thah in the white group f(p=0.“0024)'. Tn the black groups there was no differenceinthe e

incidence of the M1(Ala*?) hapfotype between the asthmatic patients and the control.
individuals. However, in the corresponding white groups, a significant difference was
found (p=0.0001), A’ previous study by Gaillard ef al,, (1994) showed that thé M2
pheriotypg of a,-AT in asthmatics was significantly increased and was also associated
with significantly lower elastase inhibitory capgcity than that ofthe control group. This.
population diﬁ:erence confirms the results of Gaillard ef al., (1994). This previous
study also showed a decrease in elastase inhibitory capacity (EIC) associated with the
MI1(Ala??) haplotype. The increase in this haplotype in the black populat%n is

interesting as asthma is more severe in this group,

- The differences between o,-AT phenotypes involve simple amino acid subsiitutions.
The two most common M1 phenotypes differ by having either valine or alanine at
position 213. The normal M2 subtype differs from M1(Val*®) by two substitutions:
histidine for arginine at the 101 position and aspartic acid for glutarﬁic acid at the 376
position (Crystal ef al., 1989), Two importantv deficiency variants, Z and S, are
associated with deficient plasma ocfAT levels which, in the case of the former,
predisposes to emphysema. The Z molecule differs from the M1(Ala*?) by the
substitution of lysine for glutamic acid at the 342 position, whereas the S molecule
differs from the M1(Val*"®) by the substitution of valine for glutamic acid at the 264

position (Brantly ef al., 1988).
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The Z- Jallele is associated with markedly reduced plasma levels of «,-AT, directly as
aresult of the Glu**-Lys*? substitution, which appears to interfere with the salt bridge
to Lys™ gausing\ia change in the configuration of the molecule (Loebermann et al.,
1987). Itis ;lso clear that the Z molecule is qualitatively deficient, being unable to
maintain a complex with elastase (Ogushi ez al., 1987). The precise mechanism of
this abnormality is not understood, but it may also relate to the altered three
dimensional configuration of the molecule. Tl«’*“ allele is alscassociated with low
plasma o)-AT levels, apparently due to molecular insfability with intracellular
destruction (Curiel ef al., 1988). It is functionally normal and does not appear to
confer a risk of emphysema even in its homozygous (SS) form (Ogushi etal., 1988).
The mechz;nisfn- ?;y which t}\;e S mutation results in plasma defiency is unclear and has

been attributed to increased “clearance, aberrant protein folding and intracellular

Ly

%,

dggradation (Elliott et al., 1997). It has been suggested that the deﬁency of §
antitrypsin results from a slow transition to form dimers and short chain polymers that

result in a mild reduction in secretion from the hepatocyte and an increased rate of

. turnover in the plasma. The crystal structure of S antitrypsin shows that the S mutation

breaks the Glu264-Tyr38 salt bridge which would predictably perturb the

Phe52-Ser53 region at the commencement of the AB helix and hence favour

" polymerisation as occurs more dramatically with the Siiyama and Mmalton muiants

(Elliott ez al., 1997). Among populations of asthmatic patients, those heterozygous for
the deficient 0,-AT variants may have more severe disease as manifested by worse
spirometric results, poor bronchodilator response and steroid dependency (Gaillard et

al, 1992).
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The present study has shown a significant association between asthma severity and

those asthmatic patients having a rare variant as compared to the asthmatic patients
<) ’

with the normal M1M1 phenotype. In this study two unusual cases were found. The

patient with the SS phenotype is a severe asthmatic with a significantly reduced plasma

level and one of the patients with the MIZ was also diagnosed as having

gastroesophageal reflux. Gastroesophageal reflux (GER) occurs commonly in

asthmatics and in selected patients appears to contribute to the state of bronchospasm.

The contribution of GER to the inﬂalmliatddr state remains to be adequately evaluated.

- The mechanism by which GER potentiates bronchoconstriction is likely to be
multifactorial, with the asthma itself worsening reflux, leading to a vicious cycle
(Ducolonsé er al., 1987 & Simpson, 1995). This is interesting ir; the light of the gene (

| for myosin light chain being located on chromosome 14. The identification of 2 new

 variant, § 2% eBgonanessurgy (Figure 2.8), is a novel finding and strengthens the link
1,
between o,-AT and atopy on chromosome 14, This new variant has not as yet been

fully characterised however it i possible that it could play a prominent role in the,;\\

pathogenesis of disease. It has been reported that a significant proportion of patients .

witt{x severe o,-AT deficiency and advanced emphysema show clinical features of
§
asthma, and that asthma appears to be more common in patients with this condition

than in those with COPD and a normal Pi phenotype (Eden et al., 1997).

Several deficiency alleles have been reported in which the plasma concentration of «;-
AT is detectable against standards and is generally in the range of about' 2 to 15
percent of normal. All have an electrophoretic mobility different from that of the PI

Z variant (Cox, 1995), just like the M1E;oyanmspura, Variant, PI Z suessurg and PI"
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Zogmexuan have the Z mutation as well és another benign amino acid difference. PI
Myarron is associated with PAS-positive hepatocyte inclusions identical with those
foundz in association with PI Z, and, like Z, the protein has a tendency to aggregate
(Cox, 1995). PI Mpyarrs, first reported in a 48-year-old woman with severe bullous
emphysema, migrates in acid starch gel and agarose similarly to PI M, and the
isoelectric point is similar to that of M3, as determined by isoelectric focﬁt‘ééing. PAS-
D globulés were pres;nt in the liver, indicatig that this deficient variant also has, like
Z, a defect in secretion v‘from the liver (Coz, 1995). Individuals with rare deficiency
alleles ha;fegthe same risk for obstructiveﬁ lung diseases aswPI ZzZ It&dividuals.
Furthermore, these PI types will producé o,-AT inciusions in the Iiyer, particularly in
heterozygotes, in the presenice of an apparently normal M p11§potype. ' When
isoelectfic focussing is used, the My ron dl—AT can be identified even in the presence

of a normal M allele. Mpyapsy. can be detected in a heterozygote with an S or Z allele

but, depending on the degree of resolution with isoelectric focussing, may not be

detectable in the presence of a normal M aflele (Cox, 1995). Although the PI*F allele
is not associated with a decrease of a,-AT concentration, there is a suggestion that PI
FM heterozygotes may be more susceptible to pulmonary function impairment,
particularly when exposed to industrial pollutants, e,-AT of the F type, which has an
extra cysteine residue, appears to have an increased tendency to oxidation, as shown
by 1ts altered electrophoretic pattern after aging, and this increased tendency to
oxidation may make P1 FM individuals susceptible to lung destruction in a polluted

environment (Cox, 1995). Further characterisation of the new variant found in this

study may produce similar results, This study has shown that o,-AT playsa roleinthe

pathogenesis of asthma,
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" “Several human CBG vaiidnts with reduced affinity. for cortisol have been exatiined ~

£ CHAPTER 3

THE POS:SIBLE ROLE OF CORTICOST EROI])’“BINDING GLOBULIN

IN ASTHMA

3.1 hitroduction

i

Corticosteroid binding globulin (CBG) is the major transport protein for

glucocorticoids in the blood of almost all vertebrate species, and > 90% of the cortisol

“in human plasma is bound by this protein. The remaining fraction is distributed more

evenly between albumiin and the pool of nonprotein-bound or “free” steroid that is
genex:é;\Iiy assumed to be biologically active (Hlammond ef al., 1987)

In humans, CBG is an acidic glycoprotein of approximately 58 KDa, comprising five
N-linked oligosaccharide chains that collectively represent approximately 23% of the ’

molecule by mass, The binding site for natural glucocorticoids appears to be a

. hydrophobic pocket containing one of two cysteine residues that have been identified

by amino acid composition analyses. Like many other plasma transport proteins, CBG
is produced and secreted by hepatocytes, but has also been identified in a number of
glucocorticoid responsive cells, and may even interact directly with the plasma

membranes.of some cells (Hammond er al., 1987),

- ‘biochemically. - After neuraminidase treatment to remove sialic-acid, these variantsare
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abnormalities (Robinson ef al., 1985; Van Baleen ef al., 1982). Furthermore, their

-..:characterized by unique isoelectric points that are indicative» of -primary g@mctural -

transmission within families follows an autosomal pattern of inheritance (Van Baleen

el al., 1982) consistent with the presence of a single gene on human chromosome 14

(Underhill & Hammond, 1989; Sealing ef al., 1990).

The amino acid sequence of human CBG has been deduced from liver and lung cDNA
(Hammond ef al., 1987), and confirmed by sequencing hunian genonﬁc fragments that

contain the coding region for CBG. Since tissues used to obtain these DNA sequences

were taken from different individuals, and all revealed the same coding sequence for |

human CBG, they appear to encode the consensus primary structure of the normal

protein. Analyses of the genes for CBG variants with abnormal steroid binding

functional integrity of the steroid binding domain (Smith ez.al., 1992). In this regard,

_ the physicochemical properties of the CBG steroid binding site have been reviewed

~ with respect to phylcgenetic comparisons of its primary structure (Hammond et al.,

1991) and the tertiary structure of a related protein, ¢,-proteinase inhibit, x, This has

indicated that cysteine 228 in the human CBG polypeptide is located within a proposed

B-barrel that is thought to comprise at least a portion of the steroid Binding domain

(Smith et al., 1992).

Corticosteroid binding globulin (CBG) is involved in control of inflammation through

delivery of cortisol to tissue. Both et al. (1994) have shown that the gene for CBG and

for alpha-1-protease inhibitor are physically close (approximately 80-kb) on
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chromosome 14. These genes, they suggest, lie so close that variants of one could act

as a marker for variant forms of the other. Furthermore, Hammond e al., (1987) have

‘demonstrated significant homology between the alpha-1-protease inhibitor gene and

the CBG gene and have described potential sites for restriction enzyine analysis for
polyhior'bhisms; Alpha-1-antitrypsin and CBG share more than 40% homology of

- amino acid sequence(‘ The genes for both proteins share 56% homology of coding

nucleotxde sequence and the genes have identical organisation and intron-exon

junctions éBﬂhngsiey etal., 1993). Theréfore, disease association for alpha-1- protease
inhibitor could be due to genetic varlatlon in CBG that inefficiently controls the

mﬂammatory response.
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3n2l.Detection of point mutations

The ability to detect single-base mutations in human DNA is vital in the diagnosis of

i

anumber of important genetic diseases. A range of techniques hasbeen developed for”

analysing and characterizing new genetic mutations. All these techniques rely on the

gencrati.n t y PCR, of large quantities of DNA from normal and mutant alleles
(Markha&ﬁ, 1993), as it is much simpler to analyse PCR-amplified fragments than it is
to clone each gene fragment (Arnheim & E hrlich,' 1992). The aim of these teéhniques
‘is to detect as little as a-single base change and this is frequently accomplished by
creating heteroduplexes between the two alleles and screening for modified properties

in: chemical cleavage reactions; ribonuclease digestion of the duplex, in which one

il

strand is RNA; denaturing gradient gel electrophoresis or; single strand confonnation{

polymorphism analysis (Markham, 1993). Once the mutated area of the gene has been
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localized, DNA sequencing of both fragments is necessary to identify the exact nature

of the mutation.

3.3 Aims of the study :

- The possible role of the CBG gene in the pathogenesis of glsthma prompted the present

study in which the second exon of the CBG gene was screened for the Leu-His

X,

substitution in black and white asthmatic and contro! individuals,

3.4 Materials and methods

3.4.1 Materials

The follewing materials were obtained from Promega (Madgon, WI): Agarose,

- dNTPs, Tag DNA polymerase and proteinase K; the Thermo Sequenase radiolabeled

terminator cyclé sequencing kit was from Amersham Life Science (Cleveland, Ohio);
the oligonucleotide primers that were used were synthesized by Genosys
Biotechnologies Inc (Woodlands, TX); the DNA molecular weight markers were

supplied by BioVentures Inc (Murfreesbero, TN); the 2 mL eppendorf tubes were

- suppliéd by Treffl.aboratories (Switzerland); the PCR tubeswere from Laberatory.and---

Scientific Equipment Co. (Johannesburg); the double-distilled sterile water was
supplied by SABAX (Johannesburg); all other reagents used were of analytical grade -

(Merck, Darmstadt, Germany),
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3.4.2 Subjects

,,,,,,,,

Six white asthmatics (3 female) and 5 black asthmatics (2 female) were recruited from
the Asthma and Respifatory Clinics of Hillbrow and Johannesburg Hospitals and from
Krugersdorp Hospital (Paediatricsj. The 4 bia;;:k controls (2 female) and”™S white
contlFoIs (1 female) were either blood donors who presénted themselves at the South

LanBIood Transfusion Servwes inlJ ohannesburg or outpatlents at theg‘ohannesburg :
| Hosspital Paed:amc Nephrology Chmc None of the controls hada hxstory of atopy ot .
ah y dlsease preeess associated with the resplratory system
All mdivtduals who partlclpated in the study were 4-45 years of age and each subject

gave mf ormed ccmsent (m the case of minors, consent was obtained from parents) to \

payticipafe in the study, The Committee for Research on Human Subjects of the .

University of the Witwatersrand approved the protocol,

Atopy and asthma were diagnosed as described earlier in this study (Chapter2).
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3.4.3 PCR amplification of the CBG gene

Total genomic DNA was extracted from EDTA-containing whole blood according to

the Higuchi method (1989) modiﬁed as described previouﬁlim\\‘The polymerase chain
/4;/ S

reaction (PCR) was used to amplify exon 2 of the CBG ge/n/f//

VAR : , : 5

¥

The following oligonuceotide primers were used:

o

CBG1: 5'- GGG GTT TGA ATT CCC CAT TGA CTC CAG AGA- 3'

g

= "CBG2:5'-GGG TTG AAT TCG GAT GGG CCT TCA GAT G-3'

.
ol
.

L
LN

Arﬁpliﬁcation (by PCR) was performed ina reacﬁon volume of; 6)}3 pL, containing 1 pg
of genomic DNA, 0.2 mM each of dATP, dCTP, dGTP and dTTP, 10 mM Tris-HCl
buffer (pH 8.3), 50 mM KCI, 1.5 mM MgCl, (0.01% gelatin) and 1 uM each
appropriate amplification primer (Appendix T). The reaction mixture containing alltthe
components except the Tag DNA polyme?ase, was overlaid with 50 pL mineral oil and
heated to 90°C for 10 min in a Hybaid DNA thermal cycler (Hybaid, UK). Following
a cooling step, which reduced the sample temperature to 52°C , 1 unit of Taq DNA
polymerase was added. The samples were then procéssed through 30 cycles of ;
- denaturation at 92°C for 2 min, annealing at 52°C for 2 min and extension at 72°C for

2 min. The final step was one of extension at 72°C for 5 min,
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Foliowing amplification the PCR products were resolved by electrophoresis in 2%

agarose gels. Following electrophoresis, gels were stained with ethidium bromide (10

mg/nﬁ) in 1xTBE buffer (0.089 M Tris-HCl, 0.002 M EDTA, pH 8.2), viewed under

uv illmfxination (302nm) and photographed with a Polaroid CU-5 Land camera.

i

E Séquencing was carried out as described in Appendix I11.

3.5 Results

Sequencing ahalysis (Figure 3.1) did not detect any mutation within the amplified exon 4

of the CBG gene in the asthmatic and control subjects that were tested.
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~ Figure 3.1: Direct sequencing of exon II of the CBG gene,
showing no difference between patient (1) and control @).
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/3.6 Discussion

CBG and o-AT are both members of the serine proteiﬁase inhibitor (serpin)
superfamily, and are clesely related in terms of primary structure. The primary
structures of CBG and AT are also closely related to thyroxme bmdmg globulin
(TBG), and a TBG mutation is located in the same relative position as resldue 91 of

* the CBG molecule (Smith e al., 1992). This mutation (TBG-Asn96) is responsible for

a reductlon in the thyroxme binding affinity of TBG, and suggests that this regmn ”

contributes to the hgand bmdmg properties of these serpins, which act as hormone

. transport proteins (Smith ez al., 1992).

The TBG-Asn96 variant is also characterised by reduced stability and this has been

associated with the creation of an additional consensus site for N-gl}cosylation .Ina
previous study a His93 mutation of the CBG was identified (Smith ez al., 1992). This
mutation did not appear to influence its stability because the serum CBG
concentratiéns of the carrier ingreased by approximately 2-fold to within the normal
range after recovery from sepsis, in a manner similar to other patients recovering from
séptic shock. Also, the intracé!lular processing did not appear to be influenced because
the levels of CBG-His93 expression in culture media were similar to those of normal

CBG (Smith ez al., 1992).

The carrier of this CBG mutation was identified as having a medical history of
inflammatory diseases. Therefore, in view of the poysible involvement of CBG in the

delivery of natural glucocorticoids to sites of inflammation (Hammeond et of,, 1990),
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it s tempting to speculate that these mutations may have in some way contributed to
the development of these diseases and the poor control of inflammation resulting from

an acute infection in this patient.

- It is interesting to note that CBG and ¢,-AT, which have 53% amino acid homology

(Hammond &-Underhill, 1989), are within 50-kb of each other and yet have different

&functions. ,-AT is a protease inhibitor that mainly inhibits leukocyte elastase, and

. CBG transports cortisol, which can be released at site of inflammation, by elastase,

There is a precise balance between proteolytic activity and its regulation by inhibitors

present at an inflammatory site.

CBG function has apparently evolved as part of this biclogical complex (Hammond,

j ; '
1990). The physical proximity of the CBG gene to protease inhibitor suggests that
variation iri% CBG could be implicated in the inflaminatory diseases that appear to be

associated with a;-AT. The resuits in our present study suggest that in our population,
mutations of exon 2 of the CBG gene do not appear to play a role in the development
and/or severity of asthma, The possibility remains howevé;{', that mutations in other
areas of the CBG gene exist that might act as markers for mutations in other genes that
are closely linked to the CBG gene and which play a role in asthma. Also, the
molecular characterization of new CBG variants may further increase our

understanding of the structure and function of this protein,
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~ CHAPTER 4

POLYMORPHIC INTERRELATIONSHIPS OF THE INTERLEUKIN-1
GENE CLUSTER AND PLASMA CONCENTRATIONS OF THE
INTERLEUKIN-1 RECEPTOR ANTAGONIST IN BLACK AND WHITE

SOUTH AFRICAN ASTHMATICS AND CONTROL SUBJECTS
4.1 Introduction
4.1.1 Interleukin-1

1L-1 is a polypeptide with multiple metabolic, endocrine, immunologic, inflammatory,
and haematopoietic activities, Originaily described in the 1940's as an endogenous
pyrogen, it was later described in 1972 as lymphocyte activating factor (LAF), a
macrophage product that augmented thymocyte proliferation to mitogens (Gery &
Wakeman, 1972). Several substances originally described for their biclogical activities
have been identified as IL-1. These include leukocytic endogenous mediator,
mononuclear cell factor, catabolin, oesteoclast activating factor, and haemopoetin-1,

among others (Dinarello, 1991).

Although both forms of IL-1 (JL-1« and IL-1p) are products of separate genes on
chromosome 2, they recognise the same cell surface receptors and share similar
biological activities. There is a dramatic increase in IL-1 production by a variety of

cells (macrophages, monocytes, neutrophils, lymphocytes, natural killer cells,
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astrocytes, microglia, fibroblasts, vascular endothelial cells, synovial lining cells, dermal
dendritic cells and smooth muscle cells)f‘ﬂ, {.ssponse to infection, inflammatory agents,
\ {
o o - . .
microbial toxins, products of activated Iymphocytes, thrombin, bile salts, androgen

metabolites, and complement components (Dinarelio; 1985).
© 4.1.2 The ¢ and B forms of IL-1

The two forms of IL-1 are synthesised as 31 kDa precursors, and the secreted forms
are 17 kDa in size. The éenes for the o and 3 forms show only 26% homology in final
amino acid sequences, but ;ﬁhey have seven highly conserved exons, and are closely
linked on the same chromosorme. However, IL-18 represents more than 90% of both i
the mRINA and the active protein secreted by monocytes in response to stimulation
with endotoxin (March et al., 1985), Enzyinatic cleavage appears to be a prerequisite
for the biological activity ofiL-lB, but not of IL-1. The intraceliular high molecular
v mass IL-1P precursor does not translocate across intact microsomal preparations,
However, a specific processing enzyme is found in the cytosol of
monocytes/macrophages (Kostura et al,, 1989). The kinetics of [IL-1 release are unlike
those of other secreted proteins: secretion of both forms is delayed éf’cer synthe;is,
allowing pools of protein to accumulate within the cytosol of monocytes. Moreover,

the intracellular half-life of'the & and B forms varies considerably (Hazuda et al., 1988).

Most IL-1a remains in the cytosol of cells in its precursor form, where it may function
as an autocrine messenger. There is also evidence that the precursor is transported to

the cell surface and associated with the membrane, This membrane-bound precursor
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| § . .
18 tll\iologxcally active, perhaps serving as a paracrine 1. essenger to adiacent cells. A
) s § -

i

considerable amount of IL-1p, on the other hand, is released by the celi into the
extracellular space and the blood stream. The mechanisms of release inclqde

5y exocytosis from vesicles, active transport by multidrug-resistant proteins, and cell 3

death. o i

fas . v
. v .

In normal subjeuts, plasma concentrations of the IL-1f are usually befow the limiti'of IR | - /
detection (40 pg/ml) of the available assziys, but are detectable in patients with sepsis, SR o

. acute organ rejection, or exacerbations of rheumatoid arthritis (Eastgate et al,, 1988)../

Plasg;a IL-1¢ is rarely detected in such pat{ent;; even though the assays forfL-1a are A i | [,1*
| more sensitive than those for IL-1P. The lack of circulating IL-1¢ is consistent with | ; & L
the observation that cultured cells do not release the o form un::l’:zr‘ conditions that o ") .
’ result in the releése of the f form. T Too
4.1.3 Control of transcription and translation o | | F
. !

+ Transcription. and translation of IL-1 are distinct and dissociated processes, and’

ir

regulation of IL-1 gene expression occurs at both levels. Transcription for IL-1
without translation can be initiated in monocytes by adherence to plastic surfaces or

exposure to §-glucan polymers (Dinarello, 1991). The half-life of mRNA following

these stimuli is unchanged, suggesting that accelerated destruction of mRNA is not the

explanation for the failure of translation {Schindler ez al., 1990).

\ Cells containing untranslated mRNA for IL-1 are said to be primed, a1.2) small amounts

Wi ) : V
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of other stimuli, such as endotoxin or IL-1 itself, rapidly trigger tfahslatiop, and usually

result in more IL-1 synthesis than Fnon-priniéd cells. In contrast to cgll adﬁe;sior_t, cell

activation with lipopolysaccharide (LPS) or through phagocytosis leads to increased

' tfanscription as well as translation and posttranslational processing.

Using endotoxin and other microbial products, transcription of IL-1(3 mRNA is rapi’d:

in macrophages and monocytes or cell lines derived from these cell types, transcription

is observed within 15 minutes. Following stimulation with endotoxin, peak

accumulation of 1L- 1 mRNA occurs *1.to 4 hours, is sustained for 6 to 8 hours, and

W

_then decreases rapidly. Using IL-1 as 2 stimulus of its own gene expression, steady

. state levels are slower to increase and are sustained for 30 hours (Dinarello, 1991). .

Under certain conditions, transcription of IL-1 car be enhanced by blocking the
synthesisVoffia suppressor protein. Transcription Qﬁﬂf{l is retarded by prostaglapdin
E,-induced cyclic AMP production, and the protein li;nase C inhibitor. In cdntrast,
translation of IL-1 mRNA can be enhanced by calcium ienophores and leukotrienes
(Fenton et al., 1987). The regulatory role of prostaglandip E, inIL-1 gene expression
represents an important autoregulatory control mechanism, since the activation of
macrophagés triggers IL-1 synthesis and a concomitant increase kin endogenous
prostaglandin E, synthesis (Kunkel ef al., 1988). Control of IL-1 transcription and
translation is affected by other cytokines. IL-1 is a stimulus of its own gene expression
in certain cels, as are TNF, M-CSF and GM-CSF. IL-1 transcription is suppressed by
IL-4, IL-8, I.-10 and TGF-B. IL-1-induced IL-1 production is suppressed by IFN-y
at the transcriptional level, as is the IL-1 production by activators of protein kinase C

(Dinarello, 1991),
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Activators of cytokine production in a variety of cells also increase the synthesis of

products derived from arachadonic acid, and some of these products provide a positive

3

signal for IL-1 gene expression. Corticosteroids suppress IL-1 transcription and

synthesis when added before initiation of transcription. However, they are less effective

when added after transcription. Agents that non-specifically block the lipoxygenase

| pathway of arachadonate metabolism reduce IL-1 levels (Dinarello, 1985).

The ﬁrst translaﬁonal pfoduct of IL-1 is the pro-IL-1 31-kDa precursor. It has no ciear
signal peptide, and hence a considerable amount of the precursor remains celi
associated, almost entirely in the cytoplasﬁ (Auroneral., 1?§7), Ttis unclear how IL-
1istransported from the Cytos;ﬁl to the extracellular compart:ﬁent and how it is cleaved
to ifs maturg peptides, but secretion of the precursor and processing to its mature
peptides appear to be linked events, although it has been suggested that pro-IL~1-B is
secreted intact and then later cleaved by various enzymes present in inflammatory tissue

(Hazuda et al., 1988).

IL-1 activity has been described after macrophage fixation, and has been ascribed to
“membrane-bound” IL-1. “Membrane-bound” IL-1 is active in lymphocytes,
macrophages, dendtitic cells and fibroblasts, and is almost exclusively IL-10 (Kurt-
Jones et al., 1985). It is unclear how “membrane-bound” IL-1 is oriented on the
surface of the cell so that its structural components are available for binding to IL-1

receptors.
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4.1.4 Receptors‘ “wH~1

Characterisation of the IL-1 receptor has idéntiﬁed two separate moieties (Bromsztyk
et al., 1989), which bind both TL-1e and IL-1p, as well as the IL-1 receptor antagonist
(IL-1Ra). Molecular cloning first identified an 80-kDa form of the receptor, the type
I receptor, which is expressed on T-cells and ﬁbrobiasts and displays a single class of
- g}’ affinity receptors K= 2x10710 M} (Dmarello ot al 1989) However avery hxghw
afffaity form has also been reported on murine T.cells and human keratinocytes (K4 =
5x10"? M) (Dower & Sims, 1990). A second smaller receptor, the type I receptor
* (p60), has been identified on B-cells and macmphages tlus receptor appears to display
dual affinity binding with high (K, = 5x10™ M) and low (K= 10®° M) affinity, Both
types of receptors belong to the Ig superfamily and their binding sites for IL-1 are
structurally similar, The type I receptor has a longer cytoplasmic segrment and a higher
affinity for IL-1e, whereas the type II receptor has a shorter cytoplasmic segment and
2 higher affinity for IL-13. The multiple glycosylation sites on the type I receptor may
have a role in receptor expression, affinities and specificities. IL-1 bound to the type
I receptor is internalised and only a small amount is degraded, whereas that bound to

the type II receptor is found in extracellular fluid in a degraded form, thus suggesting

different vesicles and acidification mechanisms for the two rezeptors (Dinarello, 1991).
4.1.5 Biological effects of IL~1

The pyrogenic effect of IL-1 is now well known, as it is produced in the course of

acute or chronic inflammatory reactions, and mediates its pyrogenic effect in the
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hyppthéla.mic thenndreguiatory centre, principally by release of prostaglandin E,

(Dinarello et al., 1986). Another key effect of IL-1 in the central nervous system is the

§

release of corticotropin-releasing factor and adrenocorticotropin, which leads to steroid

production by the adrenal glands (Besedorsky e al,, 1986).

Corticosteroids down-regulate IL-1 production at the level of mRNA transcription.

In small doses, IL~1 stimulates insulin production, but at high concentrations it is

- cytotoxic to the f cells of the pancreas. f'Other endocrine effects of IL-1 include

suppression of progesterone secretion from granulosa cells after induction with follicle
stimulating hormone (Gottschall ef al., 1987), a cytotoxic effect to thyroid Mé‘ells
A ;
(Dinarello, 1988a), and a nafriuretic effect (Q"(:erzasio etal., 1987), The vﬁﬁet\;‘ of
these effects of IL-1 serves to support a link bethen the endocrine and the immune

-

systems,

IL-1 has numerous other metabolic effects. It is known to induce production of
prostaglandins E, and I, in endothelial and smooth muscle cells. These substances are
potent vasodilators causing hypotension (Dinarello, 1988b). In the liver, TL-1 induces
increased synthesis of acute phase proteins (Perlmutter et al., 1986), decreased albumin
production, and decreased activity of cytochrome P-450 (Dinarello, 1988b). IL-1 also
has catabolic effects that include induction of collagenase production in synovial cells
and cartifage, and in the bones, where it also affects calcium resorption. IL-1 has also
been detected in synovial fluid, and has been implicated with a possible role in the
pathogenesis of rheumatoid arthritis (Eastgate ef al,, 1988). Gﬁ!ik et al. (1989)

showed that IL-1 and TNF inhibit B-adrenergic agonist-mediated myceyte contractility
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and intracellular accumulation of cyclic AMP, and suggested a mechanism for
congestive heart failure accompanying inflammatory myocarditis and allograft
rejections. This study is the first in which a cytokine is implicated in the functional

* regulation of cardiac muscle cells,

3 TL-1 has a vital role to play in the activation of the immune system. It acts on

macrophages and monocytes, inducing its own production and the production of other -

cytokines such as '}['NF and IL-6. It also induces the cytbtoxic activity of these cells
against tumour cell lines. It acts on T-lymphocytes, stimulating them to- express
interleukin-2 receptors (IL-2Re) and to produce IL-2 (Herrman ef al, 1988). It
induces the production of growth factoys such as GM-CSF and IL-4 from activated T-
cells, and IL-6 from thymoeytes. IL-1 also has a direct effect on B-lymphocytes,
inducing their activation, growth, d\iﬁ”:brentiation, and Ig synthesis. During the
activation of normal human B-.,Iympho]};:ytes, it is interesting to note that they express
IL-10 on their membrane, and secrete Iﬁ,:lﬁ, thus suggesting aa important role of IL-1

inthe antigen-presenting capacity of B-lyraphocytes to T-cells (Bonnefoy et af., 1989).

IL-~1 exhibits anti-tumour effects probably via three different mechanisms. The first
mechanism is a direct gytolytic effect of IL-1 on malignant cells, observed in vifro by

using tumour cell lines as targets (Onozaki ef al., 1985). The second mechanism

e ~ involves activation of cells of the immune system, such as natural killer cells, that

exhibit direct anti-tumour properties when activated (Herberman, 1981). Lastly, IL-1

has indirect anti-tisnour affects by either inducing the production of other tumouricidal

lymphokines or by facilitating and enhancing the effect of these lymphokines on
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}naﬁgqygnt cells, i.e. synergism with other mediators.

4.1.6 IL~1 receptor antagonism

Given the widespread presence of IL-1 in different organs, its production by a vanety

of cells, and its putative pro-inflammatory role in human disease, inany mvesflgators

~ hadlon g sought the existence of naturally occurring inhibitors of IL-1. ThlS endeavour

culminated in the description 01/?, a specific receptor antagonist of IL-1, the IL-1

receptor antagonist (IL-1Ra). Lipoproteins, lipids and o,-M are exampies of naturally
occv.irring substances that inhibit IL-1 activity, but these molecules also inhibit other

cﬁokines, such as IL-2 and IL-6 (Dinarello, 1991).

The genes for the IL-1Ra has been mapped to chromosome 2. Most interestingly, the.

same region of the human chromosome 2 contains the genes for IL-1¢,, IL-1 and IL-1
receptors type I apd II (Arend, 1993). The IL-1Ra was originally named the “IL.-1
inhibitcix”. This region is also known as the IL-1 gene cluster and was identified as a
25-kDa protein which was purified from the urine of patients with monocytic leukemid
(Seckinger ef al,, 1987). The cDNA sequence codes for a polypeptide of
approxim.ely 17-kDa, whereas the 25-kDa molecular mass is due to glycosylatxon

The amino acid sequence deduced from the cDNA showed a 26% homology with IL-

1P and a 19% homology to IL-1¢ (Dinarello, 1991). Two structural variants ofthe IL-

1Ra exist: sIL-1Ra, a secretory molecule produced by monocytes, macrophages,

neutrophils and other cells; and icIL-1Ra, an intracellular molecule produced by

keratt = - -, jther epithelial cells, macrophages and fibroblasts. Tt has been
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suggested ;hat icIL~-1Ra may play additional roles inside cells, such as in the regulation
of IL-1Re ej;xé;ession or of IL-1-induced gene transcription (Arend, 1993).

b

The IL-1Ra blocks IL-1 a;:tivity in vitro and in vivo. Invitro, it appears‘fo occupy the
type I iL-l Re on T-cells and fibroblasts with almost the same affinity as IL—il, but
without demoﬁstrable agonist activity i.e. without inducing any discernible intracellular
responses. The IL-1Ra was initially reported not to recognise type I IL-1Re’s, but.

recent studies have shown that it can recognise these receptors on a number of cells

(Dinarello & Thompson, 1991).

To date, there are no examples where IL.-1Ra has failed to block the ’an‘ticipéted

biological response to IL-1 added to cultured cells. Recombinant IL-1Ra blocks IL-1

iy

augmentation of thymocyte proliferation; the ability of IL-1 to activate protein Kinase

in fibroblasts; and the production of IL-1-induced IL-I,E_\TNF and IL-6 in human

monocytes (Dinatello & Thompsom, 1991).

\

Y . . . . . . . . . s
‘ Eoﬁt&r:%;synthesxsed in septic animals and humans with a variety of infectious or -

hﬂam‘ﬁlatory diseases. The balance between the amount and secretion of IL~1 and itz .+ /.

)

receptor antagonist may be critical in some diseases. The production of Ti.-1 and IL- '

IRa is differentially regu]ated,\;‘ even in the same cell. In cells stimula.f.;gd witﬁ ‘
endotoxin, the production of IL-1P precedes that o I. 'Jf;a {Arend et“'afl.,; i§9}).
Endogenously produced IL-1Ra is likely to contribuis to imiting the severity of the
disease, but may be inadequate in overwhelming infection or acute inflammation. This

is fargely due to the fact that in most cells with IL-1Re’s there is partiai occupancy of
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‘ associaﬁbni;:efghe 240-bp allele of the IL.-1 Ra with several inflammatory diseases have

~ the receptors by E—i, and partial occupancy by the IL-1Ra, thus allowing TL-1 to still

trigger a response.

The mterleukmul receptor antagonist (IL-1 Ra) has been showntobea powerﬁxl anti- K

mﬂammatory agent as it inhibits the activities of IL-1a and IL-lﬁ (Dinarello &’_‘

Thompson, 1991; McIntyre et al., 1991). The balance of cytokine production, receptor .,
. €

v NN
= . g ey . . . . [SP) \
expression and inhibitor levels seems to be a major factor in determining the ottcone

of the inflammatory response. IL-1 Ra does not trigger signal transduction, but acté\
: : ,\

a§ a competitiveinhibitor. It may, therefore, play a crucial role in many IL-1 mediated

diseases, acfing as an important endogenous regulator of inflammation (Tarlow et al.,

1993).

" There is a variable number tandem repeat (VNTR) of an 86 base pair (bp) sequence in

intron 2 of the IL-1 Ra gene. Five alleles of this system have been found representing

240, 325, 410, 500 and 595-bp copies of the repeat sequence. This population study

also showed an increased frequency of the 410 bp allele (73%) and a lower frequency

of the 240 bp alleie (21%) in a Caucasian population (Tarlow ez al., 1993). Recently

. ¢ o '«:‘;béénreported (Ciay et al., 1994; Blakemore ef al., 1994; Mansfield et al., 1994).

- Blakemore ef al. (1994) have reported an increase in both frequency and carriage rates
" of the 240-bp allele in white patients with systemic lupus erythematosus (SLE). They

‘have also found associations of this allele with severity of the disease. A Pst I
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polymorphism in the promoter region of the IL-1 Re gene has been associated with
insulin dependent diabetes mellitus (IDDM) (Bergholdt ef al., 1995), and a Taq I
polymo:rphism'in exon V of the IL-1P has been shown to correlate with increased

i sec?retorfcapacity and has also been associated with IDDM (Pociot et al., 1992).

4.2 Aim)) of this study
i . ) n/*»-\\\ »

~
!
I

g

The present study was undertaken in order to determine th{;/éiﬂ‘erent frequencies of the

| VNTR ﬁoly‘morphism of the IL-I Ra genein black and \yhite South Africap patients
" with aéthma and control individuals and to correlate these with the Pst I (-) a\llele ofthe
IL-1 Re and the Taq 1 () allele of the IL-1f genes. Furthen;ore, we investigated
~ whether a particufar allele of the TL-1 Ra influenced its circulating levels and the

severity of the disease in these patients.
4.3 Materials and methods
43.1 Subjects

Thirty-six white asthmatics (11 women) and 39 black asthmatics (26 women), 61
White controls (23 women) and 46 black controls (18 women) were screened for the
VNTR’s in intron 2 of the IL-1 Ra gene. Twenty-one white individuals (5 women),
of these 14 were homozygous for the 410 bp allele, 5 were heterozygouéz for the
410/240 bp alleles and 2 were homozygous for the 240 bp allele, and 15 black

individuals (4 women), of these 11 were homozygous for the 410-bp allele, 4 were
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heterozygous for the 410/240 bp alleles, were screened for the Pst I polymorphism of

the IL.-1 Re. Fourteen white individuals (2 womeon), of which 9 were hor;lozygous for
the 410 bp allele and 5 were heterozygous for the 410/240 bp alleles, and 13 black
,;. .ipdividuals (3 women), of which 10 were homozygous for the 410-bp allele and 3 were
heté;rozygous for the 410/240 bp allele, were screened for-a Taq I polymorphism of the
Hd;l  gene. The black and white asthmatic individuals were recruited from the
Asthma and Réspiratory Clinics of Hillbrow and Johannesburg Hospitals and frdm
* Krugersdorp Hospital (Paediatrics). The controls were either asymptomaticindividuals
who presented themselves a; blood donors at the South African Blood Transfusion
Services in Johannesburg, or outpatients frorq the Krugersdorp‘Hovs.pital Paediatric
clinics, None d/f fhe controls had a lristory of atopy or any disease process associated
with the respix"‘ga";;c‘i}ry‘ system. All individuals who participated in the study were 4-45
years of age, éf these the following were <16 years: 18 (6 girls) white asthmatics, 10
{5 girls) bla%‘ig asthmatiéé, 10 white controls (4 girls) and 10 black controls (3 girls).
\ Ea;ah subject gave informed consent {(where children were involved, their parents gave
informed consent) to participate in the study, which was passed by the Committee for
Research on Human Subjects of the University of the Witwatersrand. Atopy and

asthma were diagnosed as described earlier in this study (Chapter 2).
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4,3.2 Genetype studies

VNTR’s of the IL-1 Ra

Total genomic DNA. was extracted from EDTA-containing whole blood according to

the Higuchi method (1989). All PCR amplifications were performed in a Hybaid

()mnige‘nem thermal cycler. The polymorphic regioﬁ of the IL-1 Ra intron 2 was
amplified using oligonucleutide primers described by Tarlow ez al. :(1993). Gen;';mic

DNA samples (1 pg) were amplified in a total volume of 57 pL, containing 0.2 mM

each dNTP, 10 mM Tiis-HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl, (0.01% gelatine)

and 1 pM each appropriate amplification primer, overlaid with mineral oil. Thé
reaction mixture containing all the components except the Tag DNA polymerase wa;c)
“heated to 96°C for 10 min. Féllowing a cooling st?ap which reduced the sample to
55°C, 1 U Taq DNA polymerase was added to each sample. The samples were then
processed through 30 cycles of : denaturation at 94°C for 1 min., annealing at 55°C
for 1 min. and extension at 72°C for 1 min. The final step was one of extension at 72
°C for 1 min. Following amplification, the PCR products were resolved by
. electrophoresis in 4% (w/v) agarose gels, stained with ethidium bromide and viewed

under UV illumination (302nm) (Figure 4.1).
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Pst I polymorphism of the JL-1 Re promoter

The prevalence of the Pst I polymorphic site of the promoter of the IL~1 Re was

By

determined acccrding to Eergholdt et al. (1995). Genomic DNA samples (1 1g) were
amplified in a-total volume of 57 L, containing 0.2 mM each dNTP, 10 mM Tris-HCI
(pH 8.3), 50 mM KCI, 1.5 mM MgCl, (0.01% gelatine} and 1 uM each appropriate

amplification primer, overlaid with mmeral 011 The reaction mixture contammg all the

.components except the Taq DNA polymerase was heated to 96°C for 10 min.

Following a cooling step which reduced the sample temperature to 58°C , 1 U Taq
DNA polymerase was added. The samples were then processed through 30 cycles oft
denaturation at 94°C for 1 min, annealing at 58°C-for 1 min and extension at 72°C

v‘\ // s

for 1 min. The final step ‘was one of extension at 72 °C for 1 min. After confirmation

of successful PCR ampﬁﬁcation, 5 pf, PCR product was digested in a final volume of

10 p.L with 1 U Pst I enzyme, with the recommended buffer, for 1 hr at 37°C.

Digeated products were then separated on 4% (w/v) agarose gels stamed vvxth

‘ ethldlum bromide and viewed under UV illumination (302nm). Three bands potentially

resulted from the Pst I digestion of the PCR products : a 362, a 256 and a 108-bp

_ band (Figure 4.2).
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Taq I polymorphism in excn 5 of the IL-1 §

The/};revalence of'a Taq I polymorphism in exon 5 of the IL~1 B gene was determined
using the following oligonucleotide primers according to the sequence published by
Bensi ef al. (1987).

i
(a) 5’-GTC AGG TCC ATGTTC TTAGCC AC-3

() 5°-GCA AGC TGC CAG GAG GCC AGG CA-3"

Genomic DNA samples (1 pg) were amplified in a total volﬁme of 57 uL, containing
0.2 mM each dNTP, 10 mM Tris-HCI (pH 8.3), 50 mM KC], 1.5 mM MgCl, {0.01%
gelaiine) and 1 pM each appropriate amplification i)dmer, overlaid with mineral oil.
The reaction mixture containing all the components except the Tag DNA polymerase
was heated to 96°C for 10 min. Following a cooling step which reduced the sample to
65°C, 1 U Taq DNA polymerase was added. The samples were then processed
through 30 cycles of ; denaturation at 94°C for 1 min, annealing at 65°C for 1 min
and extension at 72°C for 1 min. The final step was one of extension at 72°C for 1
min. After confirmation of successfu! PCR amplification, 5 pL. PCR product was
digested in a final volume of 10 puL with 1 U Taq I enzyme, with the recosimended
buffer, for 1 hr at 65°C. Digested products were then separated on 4% (w/v) agarose
gels, stained with ethidium bromide and vféwed under UV illumination (302nm). Three
bands potentially resulted from the digestion of PCR products : a 380, a 196 and a

184-bp band (Figure 4.3).
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4.3.3 IL-1 Ra plasma assay

Blood speciniens were collected into EDTA containing tubes. Plasma was separated
on the day of collection and stored at -60°C until analysed. Plasma IL-1 Ra
concenfrations were determined by enzyme-linked immunosorbent assay (R&D
Systems, Minneapolis, MN). The groups studied consisted of ten black adult
asthmatics (3 women), 11 white aduit asthmatics (4 women), 10 black adult controls
(2 women) and 10 white adult controls (2 women). The adult patients were being
treated with a variety of conventional anti-asthmatic agents, consisting of : an inhaled
B,-adrenergic agonist (95.4% of the patients); inhaled beclomethasone dipropionate
(72.7%); of a theophylline derivative (29.5%). A subset of children with asthma were.
also studied prior to therallayeutic intervention. Theseyconsisted of 10 black asthmatic
children (5 girls), 18 white asthmatic children (;5 girls), as well as 10 black control
children (3 girls) and 10 white control children (4 girls). All controls were matched for

age.
4.3.4 Statistical analysis

The comparisons of the allelic frequencies of the IL-1 Ra, IL-1 Re and IL-1 8 between
patients and controls were obtained by means of the 2-tailed Chi-Square test. The
comparison of the plasma concentrations of the IL-1 Ra in each group was done by
means of the Mann-Whitney non-parametric test. A comparison of'the IL-1 Ra plasma

concentrations with severity was done by means of the Fischer’s exact test.
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4.4 Results

'/

441 Genotype studies.

We studié& the .different distributions of the various VNTR’s of the II-1 Ra. The.
frequency of the 5 different 86-bp tandem repeats in intron 2 of the IL-1 Ra gene in the
black and white asthmatic groups and the black ané\:white cdp/tr@,l' groups is given in
Table 4.1. There was a significant difference in the ﬁ:‘equency of the 240-bé allele
between the white asthmatics (28%) and black astMatics (8%) (p=0.001), and a

significant difference was also observed in thé f:requency of the 240-bp allele between k\
the whité controls' (25%) and the black controls (12%) (p=0.02) A significant

difference was also observed in the frequency of the 410-bp allele between the white

controls (71%) and the Yiack controls (85%) (p=0.02).

There was no significant difference between the white asthmatics and white controls
for either allele and between black asthmatics and black controls. There was a
signiﬁéant difference in the frequency of the Pst I (-) allele of the II.-1 Re between all
white individuals (47%) as compared to the all black individuals (70%) (p<0.00001),
(Table 3.2). The association between the 410-bp allele of the IL-1 Ra gene and the
PstI (-) allele of the IL-1 Re gene in black and white individuals is shown in Table
4.2, The 410-bp allele was significantly associated with the Pst I (-) allele in black
individuals (100%) as compared to white individuals (64%) (p=0.002). Table 43
shows the allelic frequencies of the Taq I(-) allele in exon 5 of the IL-1 B gene in the

different groups. There was no allelic association between the TL-1 Ra polymorphisms
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and the Taq I (-) allele of the IL-1 §§ gene nor were there population differences in the

frequency of this allele.

il

4.4.2 Plasma [1-1 Ra concentrations in different groups of asthmatic patients and

controls.

Table 4.4 shows the comparison of the mean plasma concentrations of the IL-1 Ra
betw‘een black and white adult asthmatic patients and black and white adult controlsv. 7
Table 4.5 shows the comparison of thé mean plasma concentrations of the IL-1 Ra
between black and white patients younger than 16 years of age as compared to black
and white controls younger than 16 years of age. The plasma IL-1 Ra concentrations
were determined in 21 aq;{lt asthmatic patients. (10 blacks) and 20 adg;rizt control
individuals (10 blacks). *

There was a significant difference in mean plasma I1.-1 Ra concentrations between the
white adult asthmaﬁc patients (5 women), {mean = SD 1390,98 + 1113.89 pg/mL)
versus the white adult controls (4 women), (486.12£341.33 pg/mL) (p=0.03). There
was no difference in the mean plasma IL-1 Ra concentration between the black adult
asthmatic patients (4 women), (1473.53 + 1443.30 pg/m]li;) as compared to the black

adult controls (3 women), (723.59 + 485.40 pg/mL) (p=0.15).

The plasma IL-1 Ra concentrations were also determined in 28 asthmatic children (10
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blacks) and 20 control children (10 blacks). There was a significant difference in mean
plasma IL-1 Ra concentrations between the white asthmatic children (6 girls), (mean
+ SD 3236.12 + 1093.33 pg/mL) compared to the white control children (4 girls),
(876.06 + 547.23 pg/mL) (p<0.00001). There was also a significant difference in the
mean plasma IL-1 Ra concentratioﬁ between the black ésthmatic children (5 girls),
(2649,98 + 1804.68 pg/mL) compared to the black control children (3 girls), (755.62
+458.69 pg/mL) (p<0.003). Due to these differences between the respective(‘élinical
and control groups, we compared the plasma IL-1 Ra levels with severity of asthma

qin these children as shown in Table 4.6.

Significant differences were observed when we compared the levels of IL-1 Ra in 5

_ severe patients (3590.48 + 1547.66 pg/mL) with 9 patients classified as having mild

asthma (1673.18 + 1127.83 pg/mL) (p=0.04 ). Significant differences were also
observed when comparing 14 moderate asthmatic children (3174.54+1468.23 pg/mL)

with the mild asthmatic children (1673.18 + 1127.83 pg/mL) (p=0.013).

Comparisons were also made in 14 asthmatic children with the 240-bp allele (2 were
homozygous for this allele, while 12 were 410/240 bp heterozygous) and 10 patients
homozygous for the 410 bp allele. There was no significant difference in mean plasma
IL-1 Ra concentrations between the 2 groups (2573.32 + 1600.39 pg/mL in patients
with at least 1 copy of the 240 bp allele versus 2596.99 + 1918.29 pg/mL in patients

homozygous for the 410 bp allele, (p=0.97).
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Table 4.1 : Frequency of the VNTR of the IL-1 Ra in black and white asthmatics and in

black and white controls.

) Alleles | Black Asthmatics | White Asthmatics | Black Controls | White Controls
_ | No. Frequency { No, Frequency | No. Frequency No. Frequency

240-bp | 6 0,08* 20 0.28% 11 0.12« 30 0,250

325-bp |4  0.05 0 0.00 2 0.02 I3 0,03

410-bp | 67 . . 0.86 52 0.72 78 0.85¢ .87 0.714

500-bp | 1 0.01 40 0.00 1 0.01 4 0,01

525-bp | O 0.00 0 0.00 0 000 {0 0.00

o A *Comparison of the 240-bp allele between white asthmatics and black asthmatics by the

n _ 2-tailed Chi-square Lest showed a significant difference (p=0.001).

) o . Comparison of the 410 and +240-bp alleles between the white and black controls by the
\,\ : 2-tailed Chi-square test showed a significant difference (p=0.02 and p=0.02 respectively).
| \
\
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Table 4.2: Association of the 410-bp allele of the IL-1 Ra gene in black 'and white

homozygous control adult individuals with the Pst I (-) allele of the IL-1 Re gene.

I3

M

Comparison of white individuals and black individuals by the 2-tailed Chi-square test

showed a'significant difference (p=0.002).

Table 4.3: Association of the 410-bp allele of the IL-1 Ra gene in black and white ‘

No. of ‘Pst1(-)allele | PstI(+)allele
| individuals No. Frequency | No.  Frequency
Black Individuals | 11 22 1.00 0 0.00
Whitc Individuals | 14 18 0.64 10 0,36

il

“homozygous control adult individuals with the Taq I () allele in exon 5 of the IL-1 B

gene.
N No, of Taq I (-) allele Taq I (+) allele
individuals No.  Frequency | No.  Frequency
Black individuals | 10 6 0.30 14 0.70
. | White Individuals | 9 7 0.39 11 0.61

No significant differences were observed in the two groups.
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Figure 4.1: VNTRs of intron 2 of the IL-1 Ra gene showing individuals
who are homozygous for the 240 bp allele (lane 4), and the 410 bp allele
(lane.3), heterozygous for the 410 and 240 bp alleles (lane 5) and the
heterozygous for the 410 and 500 bp alleles (lane 2). Lanel, 100 bp
molecular weight marker. Lane 6 is a control with no DNA added in the
PCR reaction.
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362bp

256bp

Figura4.2: Pst] restriction of the promoter of the IL-1 Re gene showing
individuals who are homozygous for the Pst I (-) allele (lane 5),
homozygous for the Pst1 (+) allele (lane 4) and heterozygous (lane 3).
Lane 2 is an unrestricted PCR product. Lane 1, 100 bp molecular weight
marker. Lane 6 is a control with no DNA added in the PCR reaction.
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Figure 4.3: Tug [ restriction of exon V of the IL-1B gene showing
individuals who are homozygous for the Tag I (+) allele Tag I (-)
allele, (lane 4 and 5) and heterozygous (lane 3). Lane 2 shows an
unrestricted PCR product, Lane 1, 100bp molecular weight marker.
Lane 6 is a control with no DNA added in the PCR reaction.




V

<

* Table 4.4: Mean plasma concentrations of the TL-1 Ra in black and white adult

asthmatics and black and white adult coutrol individuals.

No. Of Individudls | Mean Plasma Concentration pg/mL
Black Adult Asthmatics | 10 1473.53 + 1443.30 |
White Adult Asthmatics | 11* 1390.98 + 1113.89
Black Adult Controls ' | 10 723.59 + 485,40
White Adult Controls | 10* , 486.12 34133

. *Comparison of the.white adult asthmatics and white adult controls by the 2-tailed Chi-

. )
| I . R P
o sduare test showed a significant difference (p=0.03). No significant differences were

3 p
\9’{5& ved between the black adult asthmatics and the black adult controls.

Table 4.5: Mean plasma concentrations of the IL-1 Ra in black and white asthmatic

children and black and white control children. .

V No.OfIndividuals | MeanPlasma Concentration pg/mL”
13lack Asthmatic Children 10* 2649.98 + 1804.68
White Asthm; tic Children "18e 3236.12 + 1093.33 -
Biack Contr{( Children ~10* 755.62 + 458.69
White Control Children 10 ' 876.06 + 547.23

*Comparison of the black asthmatic children and the black control children by the 2-
tailed Chi-square test showed a significant difference, (p=0.003). *There was also a

conclusive difference between the white asthmatic children and the white control children

(p<0.00001).
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Table 4.6 : IL-1 Ra plasma concentiations related to severe, moderate or mild asthma

in black and white asthimatic children,

i

No. of individuals Mean plasma concentrations pg/mL

Severe |5 3590.48 + 1547.66
Moderate | 14 - 3174.54 + 1468.23

Mid |9

1673,18 £ 1127.83

Comparison of severe asthmatic children and mild asthmatic children by the 2-tailed Chi-

square test showed a significant difference (p=0.04). There was a significant difference

betweeq the moderate asthmatic children and the mild asthmatic children (p=0.013).
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"in black control individuals as compared to white control individuals and a

4.5 Discussion

Recent studies have'\tlinked the 240-bp allele of IL-1 Ra with various inflammatory

diseases including Sl‘[,yE (Blakemore ez al., 1994; Suzuki et al., 1997), lichen sclerosis

(Clay etal, 1994) and ulcerative colitis (Mansfield ef al., 1994). The frequency of the

different VNTR’s in the white control population in this study is similar to that reported

“ by Tarlow ef al. (1993) however we show a significant decrease of the 240-bp allele

corresponding increase in the 410-bp allele in the black population. Similarly the 240-
bp allele was-also significantly less frequent in black asthmatics compared to white
asthmatics. The allelic frequencies for our black population are similar to those of

Suzuki ez al, (1997) who found a lower incidence of the 240-bp allele in Japanese

"pa"gients with SLE (9.7%) as well as healthy Japanese controls (4.1%).

Our results suggests that the VNTR s in intron 2 of the IL-1 Ra gene do not influence
the expression of IL-1 Ra since there was no correlation between the genotypes and
plasma concentrations in black and white children with asthma prior to therapeutic
intervention. However, the IL-1 Ra plasma concentrations were significantly correlated
with the severity of the disease in these patients, thus the IL-1 Ra plasma concentration
could be a marker for disease severity. It is interesting to note that there was ne
difference in the IL-1 Ra plasma concentration levels between black adult asthmatic

patients and black adult controls, The mean values for the black adult control

individuals was higher than for the white adult controls.
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A reéént study has shown that the South African black population has an increased
frequency of the E237G mutation in the beta chain of the high affinity IgE receptor
(Fc R1-B) (Green et al., 1998). This population also has an intrinsically high level of
the IgE antibody. Consequently, this popula?:bn might be in a low grade state of
inflammation, as reﬂecteg’; Py higher levels of IL-1 Ra compared to the white adult )
~controls. Although tb&g""s“t’iidy did not show an association of a specific VNTR allele
c;f the IL;‘I Ra and asthma in the two population groups, there was a éigniﬁcant
association between the 410-bp allele and the Pst I () allele of fhe IL-1 Re in black
individuals. The significance of this association is not kniown, but the possibility exists
‘that the Pst 1 (-) allele of the IL-1 Re could reflect changes in the expression of the
receptor since the polymorpﬁic site might influence the binding of the transcn*iation
factors to their relevant sequence motiﬁs. However, this aséocia’cion was not fon;!nd in

%

white individuals.

No association was found between the VNTR’s of the IL-1 Ra and the Taq I (-) allele
of the IL-1 {3 in the two population groups. Previous studies have determined that less
than 5% of IL-1 receptors are needed to be occupied by IL-1 in order to induce
biological responses. However, 10 to 500-fold (0.002-0.1 IL-1B/IL-1 Ra ratio) excess
amounts of IL-1 Ra cver IL-1B are required 1o decrease IL-1 stimulation of target
cells by 50% (Arend ef al., 1990). Taking all these factors into account, our results
suggest that ;:j}the IL-1 Ra is an anti-inflammatory molecule and the polymorphic
association b;tween the antagonist and the IL-1 Re might indicate that this gene cluster
is important in the pathogenesis of asthma, particularly in black asthmatics who tend

to be more severely affected than white asthmatics.
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CHAPTER 5

THE GLY 16 POLYMORPHISM OF THE B, ADRENERGIC RECEPTOR

IN SOUTH AFRICAN ASTHMATIC CHILDREN.

it

i)

5.1 Introduction

In 1968, Szentivanyi proposed the “P adrenergic theory” of asthma - that is, that

asthma results from reduced function of the B adrenergic system. Systemic responses

7

Vet

to catecholamines, such as a rise in blood sugar level, free f?.tty acid, lactate, pyruvate
and plasma cyclic AMP (cAMP), have been shown to be féduced in asthmatic patients
(Szentivanyi ef al., 1985). Reduced cAMP responses to lymphocytes from asthmatic
patients have also been reported. In addition, two studies have shown that the relaxant
potencies of § stimulants were significantly attenuated in bronchial preparations from
asthmatic patients. These studies support the “fB adrenergic theory.” However,
responses to 3 stimulants have also been shown to be affected significantly by systemic
or local treatment with 3 agonists and by viral respiratory tract infections Z(VCerr'ma el

al., 1986; Goldie et al., 1986).

The presence of these factors, which modify  adrenergic functions, has made it
ditficult to confirm a clear relation between abnormal 3 adrenergic function and asthma.
The gene encoding the human [ adrenergic receptor has recently been cloned and
sequenced. It is an intronless gene that has been localised to q31q32 on

chromosome 5, The structure of the  adrenergic receptor is typical of other G
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protein coupled receptors, with its amino terminus localised extracellularly, seven
transmembrane spanning domains and an intracellular carboxyl terminus (Figure 5.1).

Understanding the structure indicated that small changes in the amino-acid sequence

(including single amino-acid: substitutions) could result in significant alterations in .

receptor function. Naturally occurring mutations in the population, if they were

ﬁlnqﬁioﬁall)' different from wild-type, might play a role in asthma or its response to

| therapy.  The Gly 16 polymorphism of the B adrenergic.receptor appears to impart

enhanced dbw}i—regul\ltion of receptor numbef‘ and has been found to have a higher

O
e

_prevalence in nocturnal asthmatic patients {Ohe et al., 1995); '
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52 Aims of this study

The prevalence of the Gly 16 polyrﬁorphism was investigated in nocturnal vs non-

nocturnal and in severe vs moderate South African asthmatic children.

Nears

53 Materials and methods

o
]

5.3.1 Materials

i

~Genomi¢ DNA was extracted from 1 ml venous 'blood using the Higuchi method

(1989). An allele specific PCR based approach was used. Allele specific PCR is

based on the premise that under the appropriate conditions, a match between

template and prim‘ér at the most 3' nucleotide is necessary for the generation to a
PCR product and that mismatches result iri no product, The allele specific PCR was
performed to assess the polymorphism at nucleic acid 46 which results int a change in

the encoded amino acid at position 16.

The following PCR primers were used:

5'-CTT CTT GCT GGC ACC CAA TA- 3' (sense)
and  5'-CCA ATT TAG GAG GAT GTA AAC TTC- 3' (antisense)
or the same antisense primer and

5'-CTT CTT GCT GGC ACC CAA TG- 3' (sense)




PCR using these primers generated an amplicon of 913 bp. Temperature cycling was

. Allele frequencies were determined in 30 black and whi‘ce’:5 (10 black) asthmatic -

4

94°C for 1 min, 60°C for 2 min and 72°C for 2 min for 30 cycles. 10 pL of the PCR

reactions were then electrophoresed on 4% agarose gels and visualised with ethidium
bromidenétaining and ultraviolet illumination (Figure 5.2). These results were confirmed

by DNA sequence analysis (Figure 5.3).

5.3.2-Subjects

[

6hi!‘drén‘.(12 girls) attending the Kruge‘rscibrp hospital as well as i5v4 black and white
(20 black) control individuals (10 women). Informed consent was obtained from all
subjects (in the case of minors, informed consent was obtained from their parents).
All control individuals were obtained from the South African Blood Transfusion
Services.

W,

5.3.3 Statistical analysis

i

Statistical analysis was performed using the Chi-square test. A probability value of

0.05 was considered to be threshold for statistical significance.
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5.4 Results

There was no significant difference between the healthy individuals and the
asthmatic group. There was also no significant difference between the white control

group and the black controi group, thus we combined the black and white subjects. No

significant difference was observed in the frequency of the Gly 16 polymorphism and

the wild type Arg 16 in the control group with a probability of 0,558 obtained ‘(Tab‘;lje

4l

S.1).

. ‘ ‘A .
From Table 5.2 it can be seen that'the Gly 16 polymorphism is over-represented in the
. 0 ?

severe asthmatic patients. Of the 14 severe asthmatic patients (10) 71% of them had

the ,Giyy 16 polymorphism compared to only (4) 40% having this polymiorphism in the

10 moderate asthmatic patients. When comparing the nocturnal asthmatic patients to

[

the nen-nocturnal patients, we find an almost equal distribution between the two

groups of the Gly 16 polymorphism with 65% in the nocturnal group compared to 61%

in the non-nocturnal group (Table 5.3).
We also found a significant increase in the prevalence of the Gly 16 polymorphism in

those patients who required a long acting f3 stimulant to gain symptomatic control

with a probability of 0,01.
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Figure 5.2: Shows the results of allele specific PCR from
three patients who were either homozygous for Arg 16, homozygous
for Gly 16 or heterorygous at this locus. Primer pairs (labelled as A or G)
were designed to provide PCR products when adenosine or guanine,
respectively, are at nucleic acid position 46 of the antisense strand.
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Figure 5,3: Indicates the polymorphisms as depicted by dideoxy sequencing
(from Turki et al., 1995)
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Table 5.1: Allele frequencies of §,AR polymorphisin at amino acid position 16

in South-African control individuals

Genotype Number of individuals Control Individuals
o _ No. Frequency
Gly 16 54 52 0.48
Arg 16 54 56 0.52

Tabie 5.2: Allele frequencies of B,AR polymorphism at amino acid position 16

in severe and moderate South African asthmatic patients

| Genotype Number of | Severe asthmatics | Moderate asthmatics
individuals | No. Frequency | No. Frequency
Gly 16 24 20 0.71 8 0.40
Arg 16 24 18 0.29 12 0.60

Table 5.3: Allele frequencies of 3,AR polymorphism at amino acid position 16

in nocturnal and non-nocturnal South African asthmatic patients

Genotype Number of Nocturnal Non-nocturnal
individuals No. Frequency | No. Frequency

Gly 16 22 17 0.65 7 0.61

Arg 16 22 9 035 |11 0.39
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5.5 Discussion

{3, adrenergic receptors are Iogalised in an number of regions of thé lung and thus may
be involved in the pathoph;;glogy ofasthma. Clearly, the better characterised of these
is bronchial smooth muscle, where activation of B, adrenefgic receptors results | in
felaxation and increased aifway diameter. Whife such bronchodilation is the primary
therapeutic goal for administering B-agonists, the role of the B, adrenergic receptor in
the absence of exogenous agonist in modulating airway tone is not clear. Relevant to
_ asthma, B, adrenergic receptors are also present on epithelial cells, submucosal glands
. .

i

and vascular smooth muscle. I aidition, these receptors are expressed on a number

of immune cells such as lymphocytes, neutrophils and macrophages (Turki et al.,
-1995). From many studies, it is clear that [, adrenergic receptor expression and

function is dynamically regulated by a number of factors.

| Mutations of the B, adrenergic receptor may not be a primary cause of asthma,
however we do note that the severe asthmatic patients and those requiring a long
acting {3 stimulant had a higher frequency of the Gly 16 polymorphism. It is
important to note that the Gly 16 polymorphism of the B, adrenergic receptor

appears from our}Study to be associated with one particular phenotype of asthma.

The factors that contribute to fatal or near fatal asthma include the severity of airway
inflammation and structural changes, the degree of exposure to allergen, the
appropriateness of therapy, the compliance of the patient, access to the health care

system, and socioeconomic status. These factors or other as yet unidentified genetic
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and environmental modifiers of severity could play a role in overshadowing the effects

of the B, adrenergic receptor genotype. It has been previousiy reportad distinct

differences in the allelic frequencies of the §,-AR polymorphisms between different

ethnic groups (Weir et al.; 1998). These differences are significant for several
réasoné: (a) they underscore the necessity of accounting for ethnic background in
glipical studies; (b)‘kone niight hypothesize that these differences may contribute to
’ diﬂ’exﬁences in asthma severity or the response to 3,-agonists. For example the GIn27
alléle which is associated with greater bronchial hyper-responsiveness, higher IgE
Ievel‘s,”and more severe asthma (Weir ¢f al,, 1998), is mere common in blacks than in
" caucasians, with the former group repfesenting a portion of the U.S. populatioﬁ that

is at greatest risk for asthma morbidity (Weir ez al;, 1998).

1t is clear from several studies that asthma and/or atopy may be the result of multh:)le
gene defects. Recently several reports have indicated linkages with markers on
chromosome 5q31 and allergy, IgE levels, bronchial hyper-reéponsi‘;eness and
asthma. Interestingly, the P, adrenergic receptor is localised to this region on
chromosome 3, as are several cytokines [IL-3, IL-4, IL-5], (Liggett, 1997). Taking
all these factors into account, the involvement of the [, adrenergic receptor
polymorphism in a multi gene defect scenario for asthma or certain asthmatic

" phenotypes appears reasonable.
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CHAPTER 6
MAJOR FINDINGS AND CONCLUSIONS
6.1 The Role of Alpha-1-Proteinase Inhibitor in Asthma

Invthis study no increase was found in the prevalence of the Z and S alleles of o-AT ”

(the alleles commonly associated with the disease state) in the asthmatic ;Slépulation

.8 compared to the control group. A novel finding was the identification of a new |
variant, the MIE;opamessurgy  Although this new variant was not fully
characterised (R, Mahadeva, personal communication), the ﬁndix;g of functionally "

) abnormal @,-AT in a:;thmatic patients may be of considerable importance in light .
of the fact that asthma has been recognised as an hﬂarﬁﬁatow disorder. Further

| evidence for the importance of characterising these new variants comes from the
finding in this study that, a significant increase in severity was noted in those asthﬁua}tic

. _patients who had rare variants as compared to those who had the normal MIM1

variants,

6.2 Polymorphic Interrelationships of the Interleukin-1 Gene Cluster
and Plasma Concentrations of the Interleukin-1 Receptor Antagonist

in Black and White South African Asthmatics and Control Subjects

Our results suggest that the VNTR’s in intron 2 of the IL-1Ra gene do not

influence the expression of IL-1Ra since there was no correlation between the
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genotypes and plasma concentrations in black and white children with asthma prior
to therapeutic intervention., However, the IL-1Ra plasma concentrations were
significantly correlated with severity of the disease in these patients, thus the IL-1Ra

plasma concentration cuuld act as a marker for disease severity. Although this study

did not show an association of a specific VNTR allele of the IL-1Ra and asthma in -

the two population groups there was a siréniﬁcani association between the 410-bp
allele and the Pst I (-) aliele of the IL-1Re in black individuals. The significance of
this agsociation is not @own, but the possibility exists that the Pst I (-) allele of the
IL-1Re could reflect changes in the expression of the receptor since the polymorphic
site might influence the binding of the transcription factors to their relévant
sequence motifs. Taking all these factors into account, our results suggest that the

IL-1Ra is an anti-inflammatory molecule and the polymorphic association between

~ the antagonist and the IL-1Re might indicate that this gene cluster is important in

the inflammatory response which characterizes asthma, particularly in black asthmatics

who tendgito be more severely affected than the white asthmatics.

6.3 The Gly 16 Polymorphism of the B, Adrenergic Receptor in South

African Asthmatic Children.

Our current study indicates that the severe asthmatic patients and those requiring a
long acting {3 stimulant had a higher frequency of the Gly 16 polymorphism. It is
important to note that the Gly 16 polymorphism of the 3, adrenergic recepior
appears from our study to be associated with one particular phenatype of asthma

and the involvement of the 3, adrenergic receptor polymorphism in a multi gene
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defect scenario for asthma or certain asthmatic phenotypes appears reasonable.

6.4 The Possible Role of Corticosteroid Binding Globulin in Asthma

1
Sequencing analysis of exon 2 of the CBG gene did not detect any mutations in the

atopic asthmatics and control subjects (this is most likely due to the small sample size). -

5

These findings would suggest that in our population, mutations within exon 2 of the
CBG may ng}t%e involved in the pathoggnesis of asthma. However, these findings do
not exclude the possibility that other exons of this gene might carry mutations” which
could play a role in the development of asthma. Nor do the findings of the present
invg;f:igation rule out tl\xke alternative possibility that the CBG gene could act as a

marker for other mutations in other candidate genes that lie in close proximity to the

CBG gene.

The present investigation by no means presumes to be exhaustive and other regions
of the genes studied in this investigation remain to be searched for mutations that
might be associated with atopic disorders and/or asthma severity. In addition,
several other plausible candidates for atopic asthma have been proposed and there
are complete genome searches beiné conducted by many investigators that are
systematic attempts to identify and chafacten'se all the genes that are involved in
susceptibility to atopy and asthma. Such searches will not only identify additional
candidate genes that play a role in atopic asthma, but are likely to also identify
previously unknown genes that could predispose to asthma, or that could influence

the severity of the disease. Such studies should also considerably advance existing
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knowledge of the mechanisms that iead to asthma and could have implications for

the development of effective therapies for this disorder.

In conclusion, the present investigation demonstrates the extent and complexity of

'genetic susceptibility to atopic asthma. In this study, serpins, in particular alpha-1-

T
frantt

antitrypsin variants, polymorphisms of cytokines (IL-1 gene cluster) and Sé«adrenergic
- receptor have shown a definite association ‘with asthma. This study further

demonstrates the polygenic nature of asthma,

i

164




A
;

Appendix I

[E]

/ - PCR Protocol

I

. Materials:

170 e

The Tag DNA polymerase ané“;ﬁe dNTPs were from Promega (Madison, WI); the

primers used were synthesised by Genosys Biotechnologies Inc (W bodlan@s, TX);the

! :
double-distilled water was supplied by SABAX (Johannesburg); the filtered pipette

- tips and the 0.5 mL PCR tubes were from Labofatory and Scientific Equipment Co <

(Johannesburg); all other reagents'were of analytical grade (Merck, Darmstadt,

el

Germany). )
Reagent buffer

1.5 mM MgCl, 0.031g
10 mM Tris base 0.121g
50 mM KCl1 0355¢

Dissolve in 95 mL of double-distilied water (ddH,0), adjust the pH to 8.3 with HCI
and adjust the volume to 100 mL with ddH,0. Autoclave and store at 4°C, or aliquot

and store at -20 °C (long-term storage).
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Standard PCbe;’ptocoi

&

The following was the standard PCR protocol used in this study, with modifications as B

described in the relevant chapters. o o
i | "
To a 0.5:+nL PCR tube, tile following reagents were added:
" 25 uL regg‘ent.buﬁ’ér
10 uL di\ITP rhix )
1 pL (typicaHy 100 ;;mol) eac}i appropﬁatenprimer ;
20-25 uL (~1 pg) DNA
i
ﬁ‘,ach sample was overlaid %NitHiSO pL of Iightweight mix{éral oil and the tubes were

placed in a Hybaid DN A thermal cycler. Following the “hot start” and the subsequent

reduction of the sample temperature to the appropriate annealing temperature, 2 units

of Taq DNA polymerase were added to each sample. The samples were then

processed as described in the relevant chapters.

166

N
¥




APPENDIX II
Agarose gel electrophoresis

EIectrophéresis through agarose gels is the standard rﬁeéhod used to separate,
identify ahd purify DN"Aﬁagments (Maniatis ef al,, 1985). The technique is rapid, ;
simple and resolves mixtures of DNA fragments that cannot be separated efficiently |
by other sizing procedures. The technique is based on the principlé that negatively
charged DﬁA fragments migrate toward a positive pole at aiﬁ'eyent rates, depending

; ) ol
on the foliowing parameters:

i
N
)
i

K

Y

(a) the molecular size of the DNA-linear duplex DNA molecules migrate in an end-on
position through the gel matrix at rates thiat are inversely proportional to the log,, of

‘their molecular weights (Maniatis ef a/., 1982; Stine, 1989).

(b) .the agarose concentration - a DNA fragment of a particular size migrates at
different rates through gels containing different agarose concentrations. The
relationship b\;tween the logarithm of the electrophoretic mobility of DNA (ng) and the
gel concentration (t) is linear, and is déscribed by the following equation:

log, = log,, - K.t
where 1, is the free electrophoretic mobility and Kr is the retardation co-efficient, a

constant that is related to the gel properties and the size and conformation of the

migrating DNA molecules (Maniatis ef al., 1982).
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(c) the apphed current at low voltdges linear DNA molecules migrate at a rate that
is proportlonal to the apphed voltage. As the strength of the electric ﬁeld increases,
the mobility of the high molecular weight DNA fragments increases differentially.

Consequently, the effective separation range of agarose gels decreases as the voltage

is increased-maximum resolution of DNA. is obtained by running gels at no more.

than 5 V/em (Maniatis et al., 1982; Brown, 1989).

»
(d) base composition and temperature - the base composition of the DNA and the gel
temperature duving electrophoresis do not affect DNA migration through the gel
significantly, which means that the relative electrophoretic mobilities of ;DNA

molecules of different sizes do not change between 4°C and 30°C (Maniatis et al.,

1982),

" The location of DNA within the gel can be determined directly by staining the DNA in

N ,
the gel with a flourescent, intercalating dye such as ethidium bromide (EtBr); as

Iittlia as 1 ng of DNA can be detected by direct examination of the gel upon ultraviolet
(UV) illumination (Maniatis et al., 1982), typically at a wavelength of 302nm.
Ethidium bromide is a phenanthridine derivative and contains a planar group that
intercalates between the stacked bases .of DNA (Williams, 1989). The fixed position

of the planar group and its proximity to the bases causes dye that is bound to DNA to

flouresce at a greater intensity than dye that is in free solution (Williams, 1989). UV

irradiation absorbed by the DNA at 260nm and transmitted to the dye, or irradiation \

that is absorbed at 300nm and 360nm by the bound dye, is éiﬁnitted at 590nm in the red-

B

_ orange region of the visible spectrum (Maniatis et q/ii., 1982; Stine, 1989).
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Although EtBr is used in the detection of siﬁgle-stranded (ss) and double-stranded (ds)
- DNA and RNA, the dye hasga relatively lower ?ﬁ‘inity for ss nycleic acid and the
fluorescence is poor (Willialrr;S, 1989). Funhefmore, th‘e'pr.eisence of the dye: (0.5
« pg/mL) in the gel and in the running buffer tends tq,/ré(duce the mobility of linear duplex
DNA by approximately 15% (Maniatis ef al., 1982).
Thh‘t;i;nic strengthmcy.)f the buffer useﬂd during electrophoresis affects the mobility of the
DNA molecules. The more concentrated the buffer, the less current'is carried by the
actual DNA fragments and as a result, the slower the migration of these fragments
(Davis, 1986). Trié-acetate is the most commonly used buﬁ‘ér, especially when the
DNA fragments are to be excised from the gel for further 'ma;ﬁpulation, but its low
jbuffering ca;p;lcity and the fact that it becoﬁes exhausted during extended runs (the
anode becomes alkaline and the cathode becomes acidic), (Maniatis ef al., 1982),
means that it is often not the best buffer to use. Tris-borate gives good resolution of

DNA and has a significantly higher buffering capacity than tris-acetate (Maniatis etal.,

1982),

A permanent record of the agarose gel is kept by photographing the gel, using a
transmitted or incident UV light (Man'iatis et al.,, 1982). The mast sensitive film is
high speed Polaroid Type 57 or 67 (ASA 3 000) and with the use of an efficient UV
source (>2 500 pW/cm?) and a good lens, an exposure of a few seconds is sufficient
to obtain images of bands containing 10 ng of DNA (Maniatis ef al., 1982). Longer
exposure times and a stronger UV source, enable the visualization of as little 351 ng

of DNA (Maniatis et al,, 1982),
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Materials:

The agarcse and low melting temperature aéarose were supplied by Promega
(Madison, WI); the Ficoll (Type 400) was from Sigma Chemical Co. {St Louis, MO); 1,; )
the sterile distilled water was from SABAX ‘Uohannesburg); all other reagents were of

W analytical grade (Merck, Darmstadt; Gerrhany)‘

3

S

n Gef concentration Agarose (g) - SxTBE, pH8.2 dH,0 (mL)
f -
%) (L)
0.7 0.20 6 24
1 0.33 6 24
2 0.67 10 24
4 3.1" 10 90

*3 g agarose:1 g low melting temperature agarcse
0 1. Add buffer at room temperature to a beaker that is 3-4 times the volume of the final

i L solution.

3

Sprinkle agarose powder into the solution while it is being stirred in order to

prevent the formation of lumps,

19}

Boil the slurfy in a microwave , 'en (100% power, 2-4 min), stirring at intervals, to
liqﬁefy the agarose.

4. After agarose is dissolved, cool to 50°C (higher for the 4% gels) add 1.5 uL/30 mL
or 5-10 uL/100 mL EtBr (from a 10 mg/mL stock solution) to a final concentration
of 0.5 pg/mL and pour the solution into a clean, sealed gel cassette with the ;:omb
in place (there should be a space 0f0.5-1.0 mm between the bottom of the teeth and
the base of the casseite, so that the sample wells are sealed).
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5. After the gel sets at room temperature for 30 min, over with a 2-3 mm layer of

7

running buffer and refiigerate for ancther 30 min,

6. Mix 10 pL of each PCR reaction with 8 pL of a 6x loading dye and load 15 uL of

_ this mixture per well,

7. Runat 4.5 V/em (for a gel of 12.5x20 cm) or 8.8 V/em (for a gel of 5.5x9 cm); for

the purposes of the present study, all agarose gels were run at‘j80 V in 0.5XTBE

buffer for 45 min, (1% and 2% gels) and 14 hour (3% and 4% gels).

Electrophoresis buffers

~ Buffer Working solution (1x)

- Tris-borate EDTA (TP;E) 0.089 M Tris-borate

Tﬁs'—acetéte EDTA (TAE) - 0.04 M Tris-acetate

0.002 M EDTA

0.002 M EDTA
(x Gel loading dye
bromobhenol blue 025¢g
| xylene cyanol FF = 025g
Ficoll Type 400 15.00 g

242 g Tris base ‘,,
57.1 mL glacial acetic acid

Concentrated stack (per
litre) SOx;z‘ '
100 mL 0.5 MEDTA, pH 8.0
10x!

108 g Tris base’

55 g boric acid

40 mL 0.5 M EDTA, pH 8:0

Dissolve in 100mL sterile water, aliquot and store at 4°C,
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APPENDIX II

Direct sequencing of PCR products

The most commonly use method for DNA sequencing is the chain termination method
developed by Sanger et al. (1977). “This method involves the in vitro synthesis of a
.DNA’strand by a polymerase, using & single-st;anded DNA template (Sanger et al.,

1977), with modern 'methods,’x double-stranded PCR products can be sequenced

- directly. Synthesis is only initiated at the site at which a primer binds to the template

and the synthesis is terminated upon the incorporation of a nucleotide analogue that
. does ‘not allow continued DNA strand elongation (Sanger et al., 1977, Sanger et al.,
1982; Brown, 1989). These nucleotide analogues are 2',3‘-dideoxynucleoside S'—
’triphospates (ddNTPs) which lack thie 3'-OH (hydroxyl) group that -’is essential fc;r
poly‘rnerase recognition and strand elongation, so that termination occurs specifically
at places where the deoxynucleotide should be incorporated (Sanger et al., 1977,
Sanger et al., 1982). Therefore, i:fza primer is incubated with a template with a DNA
polymerase in the presence of a mi)g;ure of a ddNTP and the four dNTPs (one of which

is radioactively labelled), a mixture of fragments all having the same 5' end and ddNTP

residues at their 3' ends is obtained (Sanger e al., 1977; Sanger ef al., 1982).

When using direct sequencing, most of the dNTPs and primers used during the PCR
remain intact and will interfere with normal sequencing methods which alsp utilise
primers and nucleotides. Two hydrolytic enzymes, shrimp alkaline phosphatase (SAP)
and exonuclease I (exo I) can be used to remove the unwanted molecules. The exo !

removes residual single-stranded (ss) primers and any ssDNA produced by the PCR,
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while the SAP removes remaining dNTE:s{. from the PCR, which would affect the

labelling step of the sequencing reaction. Itis essential that high quality and good yield

PCR is performed in order to obtain high quality sequence information.

Materials:

The Thermo Sequenase radiolabelled terminator cycle sequencing kit, the shrimp

alkaline phosphatase the e‘(onuclease and the 20x glycerol tolerant buﬁ‘er (GTB)

were obtained from Amersham foe .Science Inc. (Cleveland Ohm) tha acrylarmde

and the urea were from Promega (Madison, WI); the ammonium persulfate, bis-

‘acrylamide and TEMED were supplied by BioRad (Hercules, CA); the Sigmacote

was from Sigma Chemical Co. (St. Louis, MO); the 0.5 mL microcentrifuge vt‘ubes
were supplied by Laboratory and Scientific Equipment Co. (Johannesburg);, the
sterile double-distilled water was from SABAX (Johannesburg); the 3 MM

Whatman filter paper was from Whatman International (England).
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-Sequencing-protocol-

1. Temp!z{te preparation

Té a 0.5 mL microcentrifuge tube add:

5 uL (0.5 pmol) PCR amplification mixture

1 uL (1.0 U/pL) Exonuclease I (eXo‘ﬂ I

I uL (2.0 U/pL) Shrimp alkaline phosphatase (SAP)
Spin thé samp}es bﬁeﬂy to collgct all the reagents at _the\bottom of the Yial’ and

incubate at 37°C for 15 min and inactivate the exo I and SAL\’\ by heating to 80°C for -

) -
b
N

A

15 min (performed in a Hybaid DNA thermal cycler).

2. Termination mixes

Prepare the termination mixes on ice. Mix 2 pL of nucleotide master mix (dGTi’)
and 0.4 uLof.[oz:”P.] AdNTR.(G;:A,.T,.or.C.- ane.of each per. sequence) .to. produce.
a termination mix for each ddNTP. Label, fill and cap four tubes (@, A, T, CY)

with 2.5 pL of each termination mix. To prepare termination mixes for (n)

- reactions, mix:

G , A - T C
Nucleotide master mix (uL)- T @xnmy @xny (2xm)  (2xn).
[¢-2P] ddNTP (L) (05xn) (©.5xn) (05xn) (0.5xn)
Total(uL) (25xn) (25xn) (2.5x 1) (2.5xn)
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3. Reaction mixtare

For multiple (n) reactions with different primers and/or templates, prepare a n+1

and/or template in the appropriate concentration and volume to the aliquots.

Reaction buffer

DNA

-~ Primer

H,0

Thermo Sequenase polymerase (4U/pl)

"Total

4, Cycling termination reactions

 batch of reaction buffer, water, polymerase and aliquot; then add the-unique primer

. - ——

2 uL )

_ uL (50-500 ng)

_pL'(0.5-2.5 pmol)

_ L (to adjust total volume to 204L)

2 pL (8 units polymerase-add last)

20 pL

Transfer 4.5 pL of reaction mixture (prepared in step 3) to each termination tube

(‘G, ‘A%, ‘C’, °T’) from step 2. Mix well and overlay with 10-20 pL of mineral oil

(if needed). Cap and place the tube in the thermal cycler (Hybaid DNA thermal

cycler). The following cycling paratr{eters were used: 95°C for 1 min, 55°C for 1

min and 72°C for 2 min for a total of 30 cycles.
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