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ABSTRACT



In an attempt to produce a quantitative biochemical assay

which would assist in the detection of individuals heterozygous and

homozygous for the cystic fibrosis (CF) gene, two general approaches

were adopted.

In the first, attempts were made to produce an antiserum

specific for the cystic fibrosis factor (CFF), a substance known

to be present in the serum and secreted by fibroblasts of both CF

patients and heterozygotes. Three types of material were used for

immunisation schedules - serum from CF homozygotes, the IgG fraction

of CF serum and partially purified medium from CF fibroblasts.

Both normal and neonatally tolerised rabbits were used in these

experiments. The antisera produced were tested by immunoprecipitation,

immunofluorescent and radiolabelling techniques. Immunoprecipitation

and immunofluorescence showed that, after absorption, the antisera

produced from fibroblast medium had specificity for CF samples.

Sadiolabelling experiments indicated that the absorbed antisera

produced from serum and the IgG fraction of serum also gave specific

reactions with CF samples. However, all the antisera produced were

too weak, but if suitable methods for fractionation and

concentration of the antisera or production of stronger antisera

could be perfected, one or more of these methods may prove suitable

for the development of quantitative assays for CFF.

The second approach involved an investigation of a claim

made by Hosli, Erickson and Vogt (1976), that alkaline phosphatase

is induced in CF fibroblasts by the addition of Tamm-Horsfall

urinary glycoprotein. Alkaline phosphatase, alpha-glucosidase and

hexosaminidase activities were measured in a series of normal and

CF fibroblast lines, both before and after incubation of the cells



with Tamm-Horsfall protein. No significant induction of the

enzyme activities could be found in CF or normal control cell lines.

It was therefore concluded that this method does not constitute a

realistic approach to the development of methods for the diagnosis

of homozygous and heterozygous CF individuals.



INTRODUC TION



SECTION 1

Cystic fibrosis (CF) is an inherited disease, the biochemical

defect of which is unknown. Clinically it is characterised by chronic

pulmonary disease, pancreatic insufficiency and elevated sweat

electrolytes.

GENETICS

CF is transmitted as an autosomal recessive disease. It is the

most common lethal genetic disease in Caucasian populations,

incidences at birth varying from 1 in 620 in South West Africa

(Dutch descendants) to 1 in 15000in Italy (see Table 1). Although

fewer incidence figures are available for non-Caucasians the relative

infrequency of reported cases suggests that the disease is rare enough

in these populations to be maintained by recurrent mutation.

The biological mechanism maintaining the high frequencies in

Caucasian populations is unknown. The frequency is at least ten

times greater than would be expected for a single locus maintained

by recurrent mutations; the possibility of the involvement of a number

of loci has therefore been examined. Danes and Bearn (1969a)

identified four morphologically distinguishable metachromatic classes

in CF fibroblasts and showed that the heterozygous parents had the

same metachromatic class as the CF offspring, suggesting that, if

multiple loci exist, they are independent. Populations studies by

Crow (1965) measuring the frequency of CF in the relatives of the

proband gave no evidence for the involvement of more than one locus.

The high incidence of CF could also be maintained by some form

of heterozygote advantage. The magnitude of the heterozygote

advantage required to account for an incidence of 1 in 2000 is only
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2% and is therefore difficult to detect, but various theories have

been put forward. Knudson, Wayne and Hallett (1967) suggested that

female heterozygotes for the CF gene have a greater reproductive

fitness than normal individuals. Patients with CF and heterozygotes

have been found to have a substance in their serum which agglutinates

Proteus vulgaris and, on the basis of this, it was proposed by Burdon

and Stuart (197*0 that the heterozygote advantage may involve ability

to counter infection to the typhus bacteria Rickettsia prowazeki,

once endemic in Europe, since cross reactivity between certain strains

of Proteus and R. prowazeki, provides the basis for a serological

test for typhus.

Crawfurd (1975) proposed increased resistance to tuberculosis

(TB) as the heterozygote advantage since family studies showed a

lower incidence of TB among parents of CF patients than among parents

of controls. Gairdner (1975) suggested that the heterozygote advantage

could be due to the "exceptional agreeableness" of the heterozygous

females leading to a reproductive advantage!

CLINICAL FEATURES

(a) Respirator:/' Tract

At birth the CF patient has morphologically normal lungs.

Early pulmonary lesions are dilations and hypertrophy of bronchial-

glands and goblet cell metaplasia of bronchiolar epithelium, followed

by mucous plugging of peripheral airways (Zuelzer and Newton, 19*^9;

Esterly and Oppenheimer,1968). The lungs are infected, resulting in

bronchitis and bronchiolitis. The symptoms involve coughing, purulent

sputum and wheezing, and unless the disease process can be arrested

at this stage by effective antibiotic treatment a vicious cycle of

obstruction, chronic infection and tissue damage results with,
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TABLE
1

INCIDENCE
ESTIMATES
OF
CF
IN

VARIOUS

POPULATIONS

Incidence

Location

90,000

United
States
(Hawaii,
Orientals)

17,000

Washington
D.C.

(Blacks)

15,000

Italy

3,700

United
States
(Hawaii,

Whites)

3,300

Germany

3,200

France

3,000

England

2,̂50

Australia

2,

'tOO

England

1,000

United
States

(Minnesota)

620

South
West

Africa
(Dutch

descendants)

ReferenceWright
and

Morton,
(1968)

Kulczycki
and

Schauf,
(197*0

Antonelli
and

Donfrancesco,
(1970)

Wright
and

Morton,
(1968)

Vivell,
Jacobi

and

Munchbach,
(19&3)

Bernheim
et

al.,

(1961)

Carter,
(1967)

Danks,
Allan

and

Anderson,
(1965)

Hall
and

Simkiss,
(1968)

Goodman
and

Reed,
(1952)

Super,
(1975)



progressive loss of pulmonary function and eventual death.

Pulmonary disease accounts for 95% of deaths in CF patients other

than those who die from meconium ileus.

The bacteria found in the lungs of CF patients seem to vary

with therapy. In the 19^*Os and 1950s the predominant pathogen was

Staphylococcus aureus (Iacocca, Sibinga and Barbero, 19&3; Huang,

Van Loon and Sheng, 1961). The most common pathogen now is

Pseudomonas aeruginosa (Mearns, Hunt and Rushworth, 1972) which often

appears during the course of therapy. Large numbers of mucoid strains

of Pseudomonas are found in CF, which are rarely found in other human

sources (May, Herrick and Thompson, 1972; Reynolds et al., 1975)•

Other bacteria found in CF lungs are strains of Klebsiella,

Streptococci and Proteus, Hemophilus influenzae and Escherichia coli.

The course of the pulmonary disease is highly variable, but tends to

be progressive. Some patients are essentially asymptomatic with only

a cough or increased anterioposterior diameter of the chest. Others

have severe obstructive disease and finger clubbing, indicating chronic

purulent disease. Once bronchiectasis has developed the course of the

disease tends to accelerate towards respiratory failure and death.

(b) Gastrointestinal Tract

The earliest problem found in CF patients is meconium ileus,

which is usually recognised between Zb and b8 hours after birth,

due to distended abdomen, emesis and a failure to pass meconium.

By the age of 2, 80-90% of the CF patients show symptoms of pancreatic

insufficiency, i.e. malabsorption and steatorrea (which can vary from

minimal to 70% of ingested fat) and a failure to thrive despite a

ravenous appetite. The appearance of the pancreas at this stage is

of islet cells embedded in fibrotic or adipose tissue.
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(c) Sweat Glands

Although no histological abnormalities of the sweat glands have

been observed, the levels of sodium, potassium and chloride in the

sweat of CF patients are increased. This provides the basis for the

only diagnostic test for the disease in children (Gibson and Cooke, 1959).

Other serous fluids (parotid saliva and tears) contain normal levels

of sodium and chloride (di Sant'Agnese et al, 1958). Increases in

sodium and chloride concentrations in CF sweat probably arise from

decreased sodium reabsorption in the ducts, since saliva and sweat

from CF patients can block sodium reabsorption by a normal sweat duct

(Mangos, McSherry and Benke, 19^7; Mangos and McSherry, 1968).

Secretions from several types of glands are relatively

dehydrated, namely pancreatic juice, tracheobronchial and cervical

mucus, but the serous and hypotonic secretions - sweat, parotid saliva

and tears - show only minor alterations of water content.

Clinical manifestations of the sweat gland abnormality are

related to the high rate of salt loss. Excessive loss of salt and

fluid may lead to heat exhaustion in hot weather (Kessler and

Andersen, 1951), hyponatremia and hyperkalemic alkalosis (Gottleib,

1971) and lower mean systolic and diastolic blood pressures

(Liberman and Rodbard, 1975).

(d) Gonads

Over 90% of males with CF are infertile. This may be due to a

failure in development of the vas deferens (Kaplan et al, 1968), or

to degenerative changes, similar to those in the pancreas, leading to

obstruction in the transport ducts (Oppenheimer and Esterly, 1969).

Decreased semen volume and absence of semen coagulation have been found
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in men with CF (Kaiser, Drack and Rossi, 1971). Their semen is low in

fructose content, high in citrate and acid phosphatase and has a low

pH (Kaiser et al., 1971)* These findings suggest the absence of seminal

vesicles and the presence of an intact functional prostrate gland.

Infertility can occur in females with CF and it has been

suggested that this is due to altered characteristics of the cervical

mucus (Oppenheimer, Case, Esterly and Rothberg, 1970).

DIAGNOSIS AMD SCREENING

The main diagnostic feature of CF is a positive sweat test

(greater than 60 mEq chloride per litre) (Gibson and Cooke, 1959).

This characteristic finding is present at birth in infants from

whom adequate volumes of sweat can be obtained. The test is not

definitive in adults, however, since the levels of chloride in control

adults is higher and more variable. The sweat test has produced

variable results between different laboratories and many false

positives have been reported due to laboratory error ("Gap" Conference

Report, 1975). High sweat chloride levels are found in association

with other diseases such as glucose-6-phosphatase deficiency

(Harris and Cohen, 19^3), mucopolysaccharidosis (Durand, Borrone,

Delia Cella and Liotta, 1968), hyperthyroidism (Strickland, 1973)»

fucosidosis and malnutrition (Lobeck, 1972). Therefore a high sweat

chloride alone is not sufficient for diagnosis of CF and it must be

accompanied by at least one of the following

(1) family history of CF

(2) chronic pulmonary disease

(3) pancreatic insufficiency.

The above diagnostic criteria do not offer a suitable screening

system for CF; the sweat test is too expensive for mass screening, but

6



has been used in high risk groups with variable success. CF patients

with pancreatic insufficiency have increased levels of albumin in the

meconium. This has been used as a basis for screening for CF but

patients with melaena or intestinal atresia have given false

positive results.

HETEROZYGOTE DETECTION AND PRENATAL DIAO-IOSIS

In the absence of a definitive test for the gene defect,

prenatal diagnosis and heterozygote screening are not available.

Many workers have claimed to have set up techniques which will detect

carriers of the CF gene and which will in some cases detect CF

prenatally e.g. bioassays, isoelectric focusing and enzyme assays.

These techniques will be discussed in some detail later.

TREATMENT

The respiratory features of CF require careful treatment with

continuous or intermittent courses of antibiotics, intermittent

aerosol therapy with bronchodilators such as isoprenaline and several

other drugs. Physiotherapy particularly postural drainage of the

affected areas is perhaps the mainstay of treatment. Pancreatic

disease is treated with pancreatic enzyme replacement therapy and

special diets are often given to reduce the fat intake and supplement

the vitamin deficiency which results from malabsorption.

PROGNOSIS

Pulmonary infection accounts for the majority of deaths,

although recent studies in centres which specialise in the treatment

of CF have shown that survival rates are improving considerably.

A study by Mearns (1972) compared mortality and morbidity in children
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diagnosed with CF before 1 year of age. For those diagnosed between

1950 and 1956, mortality figures five years later were lb%, and

by/o of the patients had persisting signs of lung damage. This was

in comparison with a group diagnosed between 1957 and 19^7, for which

the corresponding figures were 6.5% and 16%. It is, however, difficult

to assess how much of this can be attributed to improved treatment or

to other factors such as early and more accurate diagnosis, facilities

for the recognition of milder cases and improved living standards.

BIOCHEMICAL STUDIES IN CF

One of the first abnormalities found in CF was the high sweat

sodium and chloride levels (Gibson and Cooke, 1959) and this led

to detailed studies of secretions and membrane transport systems in

CF patients.

Secretion Studies

The secretions of patients with CF are thick and tenacious,

and tend to form long strands. This can be seen in the meconium,

duodenal contents, submaxillary saliva and sputum. Thickening of

the secretions has been explained in a number of different ways,

namely:

(1) water content

(2) electrolyte content

(3) abnormal organic constituents

(1) Water Content The protein or mucous glycoprotein of rich

isotonic secretions (pancreatic juice, tracheobronchial or cervical

mucus) have a reduced water content (Dearborn, 1976). However,

serous and hypotonic secretions (sweat, parotid saliva and tears) show
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only minor alterations of water content and have approximately the

same flow rates and total volume as those of the normal control

subjects.

(2) Electrolyte Content (see Table 2) Sodium and chloride

levels are increased in the sweat of CF patients, but other secretions

such as parotid saliva and tears have normal levels. Other mucous

secretions such as tracheobronchial and cervical mucus contain lower

levels of sodium and chloride than do normal control subjects. These

abnormalities have suggested to many investigators that a defect in

membrane transport exists in CF. Johansen, Anderson and Hadorn

(1968) hypothesised that the disturbance in the mucous and serous

glands was to be found in the extracellular space and was related to

the structure or porosity of the mucopolysaccharide rich regions in

either connective tissue or the mucoid layer immediately adjacent to

the plasma membrane. However, this theory conflicted with the

observation that the water content of the sweat and saliva is normal.

Defective ion transport was also hypothesised by Gibson,

Matthews, Minihan and Patti (1971) and Marsden (1969). Balfe, Cole

and Welt (1968) demonstrated a defective sodium transport in CF

patients and heterozygotes. They claimed that the ouabain sensitive,

ethacrynic acid sensitive and the ethacrynic insensitive moieties

of sodium transport in CF erythrocytes were all significantly lower

than in controls. However, Lapey and Gardner (1970) found reduction

in only the ethacrynic acid sensitive portion of the sodium efflux

in the red cells of CF homozygous men and older women but not in the

CF homozygous young females and heterozygotes. Feig et_ al., (197*0
could find no difference in ouabain sensitive and ouabain insensitive

sodium transport between CF patients and normal controls.
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TABLE
2

REPRESENTATIVE
ELECTROLYTE
VALUES

(mM/litre)
FOR

SECRETIONS
FROM
NORMAL
CCNTROLS
(N),
CF

AND

BRONCHIETASIS
(Br)

PATIENTS

secretion

patient
Na+

K+

CI"

HCO\
Ca++

Reference

sweat

N

22.0

9.0

18.0

j
11.0

0.44
di

Sant'Agnese
and

Powell,(1962)

CF

103.0
15.0

97.0

46.0

0.47

Paunier
et

al.,

(1973)

parotid
saliva

N

23.5

21.5

18.9

13.4

0.95

Kaiser,
Drack

and

Rossi,
(1971)

CF

30.8

22.9

24.0

15.2

1.45

Chauncey
et

al.,

(1962)

submaxillary
saliva
N

46.6

17.0

41.4

1.9

Chernick,
Barbero

and

Parkins,
(1961)

CF

71.0

14.9

54.9

-

3.2

tears

N

140.0
26.0

134.0

2.5

Shwachman
and

Antonwicz,
(1962)

CF

137.0
23.0

133.0
«.

4.8

Botelho,
Goldstein

and

Roselund,
(1973)

unstimulated
N

107.0
11.0

94.0

M

di

Sant'Agnese,
Grossman,

pancreatic
juice

CF

125.0
10.0

90.0

-

-

Darling
and

Denning,
(1958)

tracheobronchial
N

165.0
13.2

16.2

_

3.1

Matthews,
Spector,
Lemm

secretions
CF

101.0
28.0

7.5

-

3.7

and

Potter,
(1963)

Br

116.0
18.7

9.7

-

4.7



Studies on the red cell membrane adenosine triphosphatase

(ATPase) in CF was equally inconclusive. Horton, Cole and Bader (1970)

showed decreased calcium dependent ATPase in CF erythrocytes.

McEvoy, Davies, Goodchild and Anderson (197*0 found no difference in

(Mg^+) ATPase, (Ca^+) ATPase and (Na+ K+) ATPase activity in CF

patients and controls. Quissell and Pitot (197*0 reported no difference

in the (Na+ K+) ATPase activity measured in the heavy particulate

fraction from fibroblasts from normal controls and CF patients, and

Gibbs, Griffin and Reimer (19^7) showed (Na+ K+) ATPase activity was

normal in the sweat glands of CF patients.

Studies by Fitzpatrick, Landon and James (1972) on the red cell

membrane, using an acid urea electrophoretic system, showed alterations

of the membrane in CF patients, which appeared to be due to increased

calcium binding. They hypothesised that the ciliary dyskinesis

factor found in CF serum is a genetically altered immunoglobulin

with a high calcium binding capacity, which secretes with the mucus,

impairing salt and water flow. McEvoy et al., (197*0 found no

significant difference in the concentration or composition of the

principle membrane constituents as determined by sodium dodecyl-

sulphate (SDS) polyacrylamide gel electrophoresis. Similarly no

difference was found in the amount and spectrum of membrane components

in skin fibroblasts from CF patients and normal controls

(Fletcher and Lin, 1973; Baig, Cetorelli and Roberts, 1975).

Duffy and Schwartz (1972) hypothesised that the defect may not

be a basic abnormality of the sodium transport system, but may affect

the agents regulating the process. This would explain why the defect

is confined to the exocrine glands. No abnormality could be found in

the activiy of cyclic adenosine monophosphate (cAMP) stimulated protein

kinase in isolated erythrocyte membranes, or in the ability of the
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erythrocyte membranes to act as a substrate for this enzyme

(Duffy and Schwartz, 1973). However, this does not eliminate the

possibility of a failure to respond to cAMP in exocrine glands since

CAMP is known to be tissue specific.

Mangos et al., (19&7) reported that when the sweat or saliva from

a CF patient was perfused through a rat parotid duct or a normal

sweat gland duct, sodium reabsorption by the duct was inhibited and

suggested that decreased reabsorption in the ducts accounts for

elevated sodium in the sweat. Plasma, saliva and skin fibroblast

media of patients with CF were reported to decrease ATPase activities

in the red cell membranes (Schmoyer and Baglia, 197^5 Cole and Dirks,

1972) but sodium influx and efflux are not altered by exposure to CF

saliva (Taussig and Gardner, 1972). Sugar and amino acid transport

by fibroblast is not inhibited by CF saliva or plasma (Benke,

Erbstoeszer and Pitot, 1972). However, serum from patients with CF

decreased the short circuit current and short circuit current response

to glucose in rat jejunum (Araki, Field and Shwachman, 1975)»

suggesting interference in sodium dependent glucose transport in this

system.

No consistent abnormality has been detected in the transport

mechanisms of CF patients and it seems probably that a transport defect

is secondary to the genetic defect in CF.

(3) Abnormal Organic Constituents An increase in total protein

has been found in CF secretions (Mandel et al., 1967). This includes

increases in the saliva of amylase, ribonuclease (Chernick, Eichel and

Barbero, 196^) and lysozyme (Mandel et_ al., 1967). Tracheobronchial

mucous glycoproteins are also secreted in increased amounts (Boat and

Cheng, 1976) and may play a major role in the alterations in secretions.
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Increases in fucose content of the glycoproteins have been reported

(Chernick and Barbero, 1963; Johansen, 1963; Pallavicini, Gabriel,

di Sant'Agnese and Buskirk, 1963) thus changing the fucose-sialic acid

ratio and making the glycoproteins less soluble. However, other

workers have not been able to reproduce these results (Novak and Abell,

1976).

Boat and Cheng (1976) studied mucous glycoproteins from CF

patients and controls, the former having a greater sulphate content.

This observation is supported by histochemical studies of Reid and

de Haller (1967)* who showed increased amounts of sulphated mucins

within the respiratory epithelium of CF patients. This increased

sulphation may affect the physical properties of the mucous.

Tamm-Horsfall urinary glycoprotein has also been reported to

be abnormal in CF, being present in large monomeric subunits with a

greater tendency to associate than the normal material (Maxfield and

Wolins, 1962). Other workers have found no difference between

Tamm-Horsfall glycoprotein in control and CF patients (Cleave, Kent

and Peacocke, 1972; Stevenson, 1969)•

Increased activity of galactosyl, fucosyl and mannosyl

transferases in microsomes from lung tissue of CF patients has been

reported by Louisot, Levrat and Gilly (1973)» and a defect in the

regulation of these enzymes was proposed as the primary defect in CF.

Exocrine secretions contain elevated amounts of polyamines

(Dearborn, 1976), which may be involved in glycoprotein synthesis

(Baker and Hillegass, 197^), interact with mucous glycoproteins

(Dearborn, 1976) and alter transport mechanisms (Munro, Hercules,

Morgan and Sauerbier, 1972). Polyamines have also been implicated

in the regulation defect of galactosyl transferases (Lundgren, Farrell

and di Sant'Agnese, 1975), but at the present time there is not
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enough evidence to suggest that the basic defect is in glycoprotein

metabolism.

Abnormalities in Cultured Cells in CF

CF fibroblasts do not differ in shape, number or refractility

from normal fibroblasts. However, after staining with toluidine blue 0,

the fibroblasts of many CF patients and heterozygotes showed

intracellular metachromasia (Danes and Bearn, 1968). Lysosomes in

the CF fibroblasts were described as larger, more numerous and more

electron dense than those of control fibroblasts (Bartman, Weissmann

and Blanc, 1970).

Cell cultures from CF patients have been reported to have

longer doubling times than normal control cells (Houck and Sharma,

1970), which appear to be due to fewer cells in CF cultures entering

the cell cycle than in normal cell cultures. However, other

laboratories have found no differences in doubling times between CF

and control cells. (Bolton and Barranco, 1975; Farrell, Pallavicini

and mane, 1975)•

Metachromasia does not appear in fibroblasts from all CF

patients. The CF cell lines appear to be of three types,

(1) generalised metachromasia; (2) vesicular metachromasia; and

(3) ametachromatic (Danes, 1969)» indicating that the CF locus may be

heterogeneous. These three types of CF cell lines have been reported

by several other workers (McManus and Masterson, 197^; Heed, Bain,

McCrae and Scott, 1970).

When metachromatic cells were incubated with normal human serum,

the metachromasia disappeared, indicating that it may be due to a

metabolic deficiency. However, the metachromasia did not disappear

when the metachromatic CF fibroblasts were grown with ametachromatic
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fibroblasts or when exposed to medium from normal fibroblasts,

(Danes, 1969)#

Many workers have found that metachromasia is variable and that

results in patients are poorly reproducible (Milunski and Littlefield,

1969; Taysi, Kistenmacher, Punnett and Mellman, 1969). Levels of

metachromasia in control cells have been reported to be as high as

Mf% (Kraus et al., 1971). Therefore it has not proved to be a

diagnostic tool in CF.

Cultured fibroblasts from CF patients have been shown to have

abnormalities of mucopolysaccharide (MPS) content. The concentration

was first reported to be increased, but variable (Danes and Bearn,

1969b; Matalon and Dorfman, 1969). But in a later paper (Danes,

Backofen and Rottell, 197*0 using lymphoid cell lines, the MPS content

was reported to be normal, but with an abnormally high proportion

of dermatan sulphate. Welch and Roberts (1975) found no difference

in the amount or proportions of MPS in CF, heterozygote or control

cell lines, although the mean rates of secretion were slightly lower

for CF than for control or heterozygote cell lines.

Pallavicini, Wiesmann, Uhlendorf and di Sant'Agnese (1970)

found increased levels of glycogen in CF fibroblasts compared with

normal controls. The protein content of CF cells was shown by

Farrell et al., (1975) to be significantly lower than in normal cells

during exponential growth. Louisot et al., (1973) reported

hyperactivity of glycosyl transferases in CF tissues when compared

with normal tissues, but Butterworth (197*0 reported normal levels.

Decreased collagen synthesis in CF fibroblasts was reported by Houck

and Sharma (1970).

Methionine deprivation in laboratory animals results in lung

and pancreatic abnormalities similar to those found in CF. Ribo-
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nucleic acid (RNA) was therefore studied by Rennert, Frias and La

Pointe (1973) and it was found to be undennethylated in both CF and

heterozygous cell lines. However, this undermethylation of RNA

could not be demonstrated by Klagsbrun and Farrell (197*0 and Hodes,

Merritt and Glier (197*0.

The cell membranes of cultured cells have been studied by

several groups of workers. (Na+ K+) ATPase was reported to have

normal activity by Fletcher and Lin (1973). A normal number of

ouabain sites and normal binding kinetics were found by Quissell

and Pi tot (197*0. Normal uptake of sugar and amino acids by CF

fibroblasts was found by Benke e_t al., (1972), and Baig et al., (1975)
made a chemical analysis of the plasma membrane from fibroblasts

of CF patients and normal controls and found no difference. Chou

and Nadler (1976) have reported that a component of normal serum,

which stimulates fucose incorporation into the plasma membrane of

fibroblasts is not present in CF serum.

Ciliotoxic factors have been demonstrated in the medium of

fibroblast, white cell and amniotic fluid cell culture. Danes and

Bearn (1972) correlated the ciliotoxic factor in the CF fibroblast

culture medium with metachromasia in the cells - only those cells

which demonstrate metachromasia show ciliotoxic activity. But other

workers have not found such a correlation, for example, Beratis et al.,

(1973) found activity in all CF culture media provided IgG was added

to the media.

With such contradictory and widespread findings no conclusions

can be drawn from the tissue culture studies except that it seems

probable that these cells are affected by the basic metabolic error.

These studies have also raised the question of heterogeneity within

the disease.
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Lysosomal Enzymes

The presence of metachromatic granules in the cells of CF

patients (Danes and Bearn, 1968) started several investigations into

the activity of lysosomal enzymes in the CF cells.

Kraus et al., (1971) carried out a study of four lysosomal

enzymes using fibroblast cultures (see Table 3)« No difference was

found in the activities of beta-galactosidase, beta-glucuronidase,

arylsulphatase and acid phosphatase in CF and normal control cells.

Butterworth, Scott, McCrae and Bain (1972) studied nine

lysosomal enzymes and found all were present, but activities varied

from those of the normal controls. Increased activities of

alpha-glucosidase, beta-glucuronidase, beta-galactosidase and

N-acetyl-beta-D-glucosaminidase were found in CF cells and decreased

activities of alpha-fucosidase and alpha-mannosidase were reported.

A more recent study of lysosomal enzymes in CF fibroblasts

was carried out by Hosli and Vogt (1977) using microtechniques.

They measured enzyme activities in the fibroblasts and in the

fibroblast medium and suggested that a leakage of lysosomal enzymes

was taking place into the extracellular fluid due to abnormal

recognition sites on the lysosomal enzymes and alkaline phosphatase.

The coordinate regulation of the synthesis of lysosomal enzymes and

alkaline phosphatase counteracts the leakage and results in high

intracellular activity of alkaline phosphatase in the CF homozygotes.

Studies have also been carried out in peripheral blood

lymphocytes and long term lymphoblast cultures (see Table k).

Antonowicz, Sippell and Shwachman (1972) measured activities of seven

lysosomal enzymes in long term lymphoblasts with p-nitrophenyi-o(-D-

glucoside as a substrate. Alpha-glucosidase in the CF lines had more
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than twice the activity of the normal enzyme and the activity was

also elevated in carriers:

u moles / mg protein / hr

controls: 13.8 - 12.2

heterozygotes: 17.2 i 5.5

CF homozygotes: 32.6 - 8.6

The activities of beta-glucosidase, beta-galactosidase, beta-

glucuronidase, N-acetyl-beta-glucosaminidase, arylsulphatase and

acid phosphatases were the same in CF patients and controls.

Two groups carried out enzyme assays in cells which had been

stimulated with phytohaemaglutinin. Griffin and Gibbs (1971) showed

a decrease in beta-glucuronidase activity in CF lymphocytes and Jfeirchi,

fferchi, Mastella and Nordio (1973) showed the activity in unstimulated

CF cells was nearly twice that in normal cells, while in lymphocytes

stimulated with phytohaemagglutinin the activity in normal cells

was increased by 70% over that in unstimulated cells, but in the CF

cells there was an increase of only 8% over the unstimulated level.

Several lysosomal enzymes appear to have abnormal activity

profiles in CF cells, but differences in culture conditions,

preparation of homogenate and method of enzyme assay make comparison

of the results from different groups difficult. There is not

sufficient evidence to say whether the abnormal activity profiles

are secondary manifestations of the CF gene or whether they are more

closely connected with the gene defect as has been suggested by Hosli

and Vogt (1977).
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TABLE 3 LYSOSOMAL ENZYMES IN CF FIBROBLASTS

Enzyme Change
from

Normal

beta-glucuronidase 0

0
+

beta-galactosidase 0
0

alpha-galactosidase 0
+

beta-glucosidase

acid phosphatase 0
0

arylsulphatase 0

N-acetyl-beta-D-glucosaminidase +

alpha-glucosidase +

alpha-arabinosidase 0

alpha-mannosidase

alpha-fucosidase

alkaline phosphatase ++

(0 - no significant change from normal: +
less than x2: ++ - greater than x2 normal:
50 - 80% normal)

Reference

Russell, Russell and
Littlefield, (1971)

Kraus et al., (1971)
Butterworth at al,,

(1972)
Hosli and Vogt, (1977)

Kraus et al., (1971)
Butterworth £t al.,

(1972)
Hosli and Vogt, (1977)

Kraus et al., (1971)
Butterworth et_ al.,

(1972)
Hosli and Vogt, (1977)

Butterworth et_ al.,
(1972)

Hosli and Vogt, (1977)

Kraus et_ al., (1971)
Butterworth at al.,

(1972)
Hosli and Vogt, (1977)

Kraus et al., (1971)

Butterworth et al.,
(1972)

Hosli and Vogt, (1977)

Hosli and Vogt, (1977)

Butterworth e_t al.,
(1972)

Butterworth e_fc al.,
(1972)

Hosli and Vogt, (1977)

Butterworth at al.,
(1972)

Hosli and Vogt, (1977)

greater than normal but
80-100% normal: —
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TABLE
k

LYSOSOMAL
ENZYMES
IN
CF

LYMPHOCYTES
AND

LYMPHOBLASTS

Enzyme

ChangefromNormal

alpha-glucosidase
++

beta-glucuronidase
0

beta-glucosidase
0

beta-galactosidase
0

arylsulphatase

0

N-acetyl-beta-D-glucosaminidase
0

acid

phosphatase

00

Type
of

cells
isolated
lysosomeslymphoblastsPHA-stimulatedlymphocytes

after
5

days

lymphocytesPHA-stimulatedlymphocytesisolated
lysosomeslymphoblastsisolated

lysosomeslymphoblastsisolated
lysosomeslymphoblastsisolated

lysosomeslymphoblastsisolated
lysosomeslymphoblastsPHA-stimulated

lymphocytes
PHA-stimulated

lymphocytes
isolated

lysosomeslymphoblasts

ReferenceAntonowicz
et

al.,

(1972)

Griffin
and

Gibbs,
(1971)

Marchi
et

al.,

(1973)

Marchi
et

al.,

(1973)

Antonowicz
et

alM

(1972)

Antonowicz
et

al.t

(1972)

Antonowicz
et

al.,

(1972)

Antonowicz
et

al.,

(1972)

Antonowicz
et

al.,

(1972)

Griffin
and

Gibbs,
(1971)

Griffin
and

Gibbs,
(1971)

Antonowicz
et

al.,

(1972)



The Immune and Com/clement Systems

Recurrent infection is an important feature of progressive

pulmonary involvement in CF. Therefore the possibility of a defect

in the immune system of CF patients has been closely examined.

Many abnormalities of the immunological system have been

identified. IgG, IgA and IgM levels have been shown to be raised

(Schwartz, 1966), which is most probably secondary to chronic infection.

Decreased bactericidal activity of the granulocytes (Raeburn, 1972)

and an opsonic defect of the serum (Biggar, Holmes and Good, 1971)

have also been reported. However, further investigations have

indicated no abnormalities of the immune system in CF (Talamo, Stiehm

and Schwartz, 1976). The number and proportions of B and T cells are

normal (Hoiby and Mathiesen, 197*0 » as are delayed hypersensitivity

tests.

Biggar et al., (1971) and Boxerbaum, Kagumba and Matthews (1973)

have observed that CF serum has an inhibitory effect on rabbit

alveolar macrophage ingestion and destruction of Pseudomonas, but

whether this is due to a deficiency in serum or to the presence of

an inhibitor has not been resolved. Phagocytosis and destruction

of bacteria by human leukocytes is not inhibited by CF serum and

leukocyte chemotaxis, phagocytosis and killing ability sire normal in

the disease (Biggar et al., 1971).

Since the complement system plays a major role in nonspecific

host defence mechanisms, it has come under close scrutiny in CF.

Increased levels of the C3 component in the serum were reported by

Conover, Conod and Hirschhorn (1973a). Hanns, Holsclaw and Shin

(197*0 showed increased levels of both the C3 and C5 components and the

increase did not appesir to be related to age, therapy or degree of

pulmonary involvement in the CF patient. Scanlin, Norman and
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Rosenlund (197*0 found C3 levels to be the same in CF patients and

controls.

Conover, Conod and Hirschhorn (197*0 suggested that the primary

defect could be a deficiency in, or a defect of, a carboxypeptidase-

like enzyme which is involved in the activation of the C3a

(anaphylatoxin) component of complement and that the CF factor may be

C3a. This theory was backed by the arginine esterase deficiency

described by Rao and Nadler (197*0 since activation of the C3a

component involves cleavage of the terminal arginine. Gotz and Lubec

(1978) showed that CF patients had significantly lower levels of

C3 and C*+ than did age matched normal controls but levels of C3a

were found to be normal.

The immunological and complement system investigations have all

proved rather inconclusive and would therefore suggest that the

abnormalities observed are all secondary to the gene defect.

Serum Alphafetoprotein in CF

Chandra, Madhavankutty and Way (1975) reported that patients

with CF and heterozygous parents showed raised levels of serum alpha¬

fetoprotein (AFP). No overlap was observed between normal controls

and CF patients:

jagAFP ,/ litre

controls: 5 - 25

CF patients: 56 - 8825

parents of CF patients: 25 - 568

The important implications of this work as far as diagnosis and

heterozygote detection were concerned caused several groups of workers

to repeat the study. The findings were not confirmed by Brock et al.,
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(1975); Wallwork, McFarlane, Hingley and Milford Ward, (1975);

Fitzsimmons, Smith, Hiller and Wynne, (1975) or Belanger et al., (1975),

all of whom found that the CF patients fell within the normal range

of serum AFP values.

Since it was felt that these inconsistencies could result from

differences in assay techniques, Brock, Barron, Manson and McCrae

(1978) carried out a study in which AFP was assayed by radioimmunoassay

using three methods which differed in the antiserum used and in the

technique of precipitation of the antigen-antibody complex. However,

all the CF serum samples tested (30) fell within the normal range.
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SECTION II

THE CYSTIC FIBROSIS FACTOR

Many theories have been put forward to account for the bio¬

chemical abnormalities and clinical manifestations of CF, but in

recent years much interest has centred on the so-called cystic

fibrosis factor (CFF). This is a factor present in the biological

fluids of CF patients and obligate heterozygotes, and was initially

defined by various biological assay systems involving the inhibition

of inherent rhythmic ciliary motion, ciliary dyskinesis factor (CDF).

Assay Systems for CFF

The first biological assay system for the abnormal serum factor

in cystic fibrosis was described by Spock, Heick, Cress and Logan

(1967). They found that when serum from CF patients was added to

rabbit tracheal explants, the inherent rhythmic ciliary motion became

disorganised. The assay involved growing rabbit tracheal explants,

by standard tissue culture techniques for b-G days and then exposing

the cultured tissue to a drop of serum. The ciliary motion became

disorganised within 5-10 minutes when the tissue was exposed to CF

serum. The serum from parents of the CF patients was also capable

of disorganising the ciliary motion when the concentrated euglobulin

fraction of the serum was used, but of the 25 control sera samples

used, only one gave a positive reaction.

Conover et al., (1975a) modified the rabbit tracheal assay

system. By maintaining the system at a constant temperature, 37°C,
and setting a high standard for tissue selection, they were able to

produce a more sensitive system, which gave reproducible results for

both CF and heterozygote serum without the need to use concentrated
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euglobulin fractions.

In 1969 a bioassay system was described by Bowman, Lockhart

and McCombs, which measured the time for inhibition of the ciliary

motion in the gills of the oyster Crassostrea virginica.

Theoretically this assay should be more quantitative than the rabbit

tracheal assay in which one measures ciliary asynchrony. The serum

of the CF patients inhibited the oyster cilia within 30 minutes;

neither age, sex nor clinical severity of the CF patient appeared to

influence the time required for the ciliary inhibition. Heterozygote

serum stopped the ciliary motion within 35 minutes, whereas no

inhibition was observed after ^-50 minutes in the control serum

samples. However, this assay has drawbacks, not only because of its

non-quantitative nature, but also because there is extreme seasonal

variation depending on the stage in the reproductive cycle of the

oyster.

A second non-mammalian system was described by Besley, Patrick

and Norman (1969)* using the gill cilia of the fresh water mussel

Dreissensia. The tissue responded to serum by secreting mucus, more

so with CF serum than with control serum. Inhibition of the cilia

motion in the presence of CF serum occurred within 3 hours. Control

serum caused no inhibition within 6-2^ hours, but some overlap was

observed and this system also showed seasonal variation.

The bioassay systems described above, though all detecting an

abnormal serum factor, have severe limitations in the following

aspects:

(1) availability of the tissue

(2) inherent variability

(3) quantitation of the assay
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(4) homozygote and heterozygote differentiation.

Because of these limitations different types of assay systems have

been sought.

McCombs and Bowman (1970) used six different protozoa,

Paramecium aurelia, Paramecium multimicronucleatum, Buplotes,

Spirostomum, Stentor and Belpharisma, in their assay system.

Cytolysis of the species was observed within 30 minutes after the

addition of serum: no difference was observed between CF and control

samples.

Wilson and Jahn (197*0 described a system which measured

decreased rate of cytolysis of the protozoan ciliate Colpidium

striatum. Serum samples at dilution of 1:1 to 1:8 all caused complete

cytolysis of the protozoan; no difference was observed between CF

samples and controls, similar to the findings of McCombs and Bowman

(1970). But at dilutions of 1:10 a decreased rate of cytolysis was

observed in the majority of CF and heterozygote samples, CF serum

causing cytolysis in 26.0 - 2.9 minutes compared with 18.3 - 2.96

minutes for control samples.

Cohen and Daniel (197*0 described a new type of assay system

for the cystic factor involving agglutination of the bacterium

Proteus vulgaris. The bacteria were grown well into log phase and

then a drop of bacterial suspension was placed on a slide, and to it

was added a drop of serum. The serum from CF patients caused rapid

agglutination of the bacteria in 3.9 - 1.8 minutes, whereas the

serum from control subjects took 23.6 - 10.6 minutes to agglutinate

the bacteria. There were also qualitative differences in the clumps,

those formed by the control samples being smaller than those formed

by CF samples. This system was able to differentiate between the

homozygote and heterozygote, both in the time of agglutination and
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in the size of the clumps formed. Studies of CF families showed that

the heterozygote agglutination response could be traced through two

or more generations of a family. Although this system is still a

bioassay, it has several advantages over the more complex systems

which have been described, namely, the bacteria are readily available,

easily maintained under controlled culture conditions and no seasonal

variation is involved.

More recently a bioassay system described the effect of ammonium
*1 if

sulphate precipitated serum fractions on CO^ production from
^ Jf

glucose- C in Vero cells (African green monkey kidney cultures).

The CO^ production was reported to be reduced when the cells were
incubated with a serum fraction from CF homozygote or heterozygote,

but not with a corresponding fraction from healthy controls (Araki

and Nakamura, 1978).

It can be seen therefore, that there are several assay systems

which can consistently detect an abnormal serum factor in CF patients

and heterozygotes, but all are severely limited by their biological

nature. Their usefulness has been in isolation and characterisation

of the abnormal serum factor rather than in heterozygote detection.

Biological Fluids where CFF is found

Cystic fibrosis factor was first identified in the serum of CF

patients and heterozygotes by Spock et al., (1967) using the rabbit

tracheal assay system. The CFF activity was contained in the

water-insoluble (euglo'oulin) fraction of the serum, was non-dialysable

and was destroyed by heat treatment. Bowman et al., (1969) confirmed

the presence of CFF using the oyster cilia assay and also showed that

the active fraction was non-dialysable and heat labile. The CFF of

serum has been shown by several workers to be associated with the IgG
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in serum (Bowman e_t al., 19&9? Danes et_ al., 1973) •

Danes and Bearn (1972) using the oyster cilia assay showed CFF

activity in fibroblast culture medium of metachromatic CF cells, but

it did not appear to be consistently present in fibroblast culture

medium from ametachromatic CF cells. They found this was also the

case when sera from individuals who had ametachromatic cell type did

not consistently show CFF activity in their serum. This finding

indicates the possibility of genetic heterogeneity within the disease.

Conover et al., (1973b) studied CFF in short term leukocyte

cultures and long term lymphoid cell lines using the rabbit tracheal

assay system. Hie studies with short term leukocyte culture medium

showed a positive CFF response for CF and heterozygous cell lines

48 hours after the addition of phytohaemagglutin. The response was

also detected in non-stimulated cells after 72 hours. Long term

lymphoid lines from CF patients and heterozygotes also demonstrated

a positive CFF response. Homozygous CF cell lines tended to give an

earlier response than heterozygous cell lines, but the distinction

was not clear. Addition of antihuman IgG to suspensions of CF and

heterozygous lymphoid cell lines eliminated the CFF activity.

Amniotic fluid cell culture medium was studied by Beratis et al.,

(1973) using the rabbit tracheal assay. Cystic fibrosis factor was

detectable in the medium of amniotic fluid cell cultures derived from

fetuses at risk for CF, but a false negative was recorded, indicating

that it was not a suitable system for prenatal diagnosis. Bowman

et al., (1973b) also carried out studies in amniotic fluid cell culture

medium using the oyster cilia assay and reported that dyskinesis was

due to a chromatagraphic fraction corresponding to the CFF fraction

from serum and fibroblast medium.
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Cystic fibrosis factor has also been reported to be present in

saliva (Doggett and Harrison, 1973)• Here it appears to be associated

with alpha-amylase (Bishop, Beinig and Doggett, 1973). Bishop and

coworkers isolated two alpha-amylase isozymes from CF saliva, with

electrophoretic mobilities identical to those of normal alpha-amylase,

but which, unlike the normal enzyme, exhibit ciliostatic activity -

that is CFF of saliva is either an isozyme of normal alpha-amylase

or a molecule carried by normal alpha-amylase through purification.

McNeely and Bowman (1975) speculated that CFF could also be excreted

in the urine of CF patients. They examined diethylaminoethyl (DEAE)

cellulose chromatographic patterns of urine from CF patients and normal

controls, and found one cationic protein fraction in CF urine which

was absent from the control samples. This protein fraction was found

to inhibit ciliary action when tested on oyster gills.

Molecular Weight Estimations of OFF

Spock et al., (1967) separated CF serum using Sephadex G200.

Two fractions were shown to cause asynchrony to the rabbit trachea

cilia, the major component being associated with serum proteins of

MW 200,000 daltons, while the minor component was associated with

serum proteins of 60,000 - 156,000 daltons. It was suggested that one

component may be a subunit of the other.

Bowman et al., (1969) using gel filtration gave a similar

estimate for the MW of 75,000 - 180,000 daltons. In a later paper

(Bowman, McCombs and Lockhart, 1970), they showed the serum CFF

fraction to be cationic and to elute with the IgG fraction by DEAE

cellulose chromatography. It was also shown to be associated with IgG

by rivanol precipitation (McCorabs and Bowman, 1970).
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Bowman et al., (1975) separated serum initially using Sephadex

G50 gel filtration and the patterns of the IgG fractions from CF,

heterozygote and control serum could not be distinguished. Hie major
125

immunoglobulin fraction was then labelled with I and subjected

to Sephadex G75 gel filtration in the presence of guanidinium chloride.

The fractions were characterised by sodium dodecyl sulphate (SDS) gel

electrophoresis and consisted of an IgG fraction, MW 150,000 -

200,000 which was the major fraction, and a fraction of small MW

proteins, 6,000 - 11,000, which amounted to 0.01 - 0.4% of the

undissociated IgG fraction, and which contained the ciliary inhibitory

activity.

Barnett et al., (l973h), using the oyster cilia assay studied

OFF in cultured fibroblast medium. The MW of the ciliary inhibitor

was estimated by DEAE cellulose chromatography, gel filtration and

sucrose density gradient centrifugation to be 4500 - 10,000,

considerably less than the original serum estimates.

Danes et al., (1973) showed that the OFF of fibroblast culture

medium had no detectable association with immunoglobulins. It is

therefore apparent that the first estimates of OFF were measuring

the MW of IgG, the MW estimates from fibroblast medium being in close

agreement with the estimate of Bowman et al., (1975) after dissociation

of the serum factor from IgG. The MW estimate of OFF in fibroblast

culture medium by dialysis was less than 5000 (Danes et al., 1973).

Biochemical Characterisation

OFF in serum was shown to be contained in the euglobulin

(water soluble) factors and was non-dialysable and heat sensitive

(Spock et al., 1967). Bowman et al., (1969) confirmed that OFF in
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serum was non-dialysable and in a later paper (Bowman et al., 1970)

showed the factor to be associated with a cationic protein fraction

when isolated from serum. However, Danes et al., (1973) reported that

it had anionic characteristics when isolated from serum free medium

by ion exchange chromatography.

Barnett e_t al., (1973b) showed OFF in fibroblast medium lost its

inhibitory effect on oyster cilia following proteolytic digestion and

heat denaturation. Cohen and Daniel (197^)» using the Proteus

vulgaris assay system, showed that the agglutinating factor was heat

sensitive and destroyed by pronase treatment. Cystic fibrosis factor

was also shown to be unstable for periods of time at A-°C or 23°C
(Danes et al., 1973).

From the above evidence it was concluded that the CFF of serum

and fibroblast medium was a protein. The level of the factor was shown

to increase in proportion to the cell number in growing cultures

(Barnett et al., 1973a), suggesting that it is of cellular origin.

Gillard, Feig, Harrison and Nelson (1976) estimated the MW of the

ciliary inhibitor of saliva to be less than 12,000 by dialysis. It

was also found to be unstable at 25°C or ^°C, but chemical analysis

indicated that its protein content accounted for less than one fifth

of its weight. It was also shown to inhibit mammalian debranching

enzyme (amylo-1-6-glucosidase~A—oL-glucano transferase). Impero,

Harrison and Nelson (1978) isolated the factor from purified^amylase

and showed that the activity of the factor was proportional to

concentration in the oyster gill ciliostatic assay and in its inhibition

of mammalian glycogen debranching enzyme. The chemical analysis and

mammalian debranching enzyme inhibition led both these groups to suggest

that CFF of saliva may be a polyamine metabolite such as hydroxyalky-

lamine•

31



CFF Association with IgG

The CFF found in CF serum was shown to be associated with IgG

by DEAE cellulose chromatography (Bowman et al., 1970) and by rivanol

precipitation (McCombs and Bowman, 1970). Danes et al., (1973)

confirmed by anion exchange chromatography that the OFF from serum

was bound to IgG. Cystic fibrosis factor found in serum-free CF

fibroblast medium eluted with 1.5M NaCl fraction in which there was

no detectable IgG. The medium factor was lost when samples were

mixed with IgG subclasses 1 and 2, or their isolated heavy chains and

precipitated by specific anti-globulin antibodies. It was similarly

inactivated by beta^ microglobulin (a structural homologue of IgG which
is present in culture medium) and its specific antibody, but not by

other immunoglobulin classes, haptoglobin or group specific component.

The binding of OFF to IgG was shown to occur in the constant region of

the heavy chain and therefore does not represent an antigen-antibody

reaction.

Bowman et al., (1975) examined the elution profiles of the IgG

fractions from serum after Sephadex G50 gel filtration. The patterns

from the CF homozygote, heterozygote and control sera could not be

distinguished. They showed the binding of OFF to IgG was non-covalent

since the CFF could be dissociated from IgG by gel filtration on

Sephadex G75 in the presence of guanidium chloride.

Beratis e_t al., (1973) studied CFF in culture medium using the

rabbit tracheal assay system and showed that a positive CFF response

in CF and heterozygote fibroblast culture medium occurred only after

the addition of IgG. Danes and Bearn (1972), however, had shown CFF

presence in CF and heterozygote culture medium using the oyster cilia

assay and without any addition of IgG. The IgG binding appears to be
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necessary for CFF activity in the rabbit tracheal assay which may

suggest that the different assay systems are detecting different

proteins or may simply represent different requirements of the two

systems.

The work described on CFF has raised several questions namely:

(1) whether the different biological assays are detecting the same

protein

(2) whether CFF of the different biological fluids is the same

substance

(3) whether the CFF is a marker for the CF gene.

Several workers have reported an inability to show consistent

differences between CF and control serum using the bioassay systems.

Cherry, Roden, Rejent and Dorner (1971), using rabbit and chicken

tracheal organ cultures, found both control and CF sera to be cilio-

toxic and could find no difference between normal control sera and

CF samples. Similar findings were reported by Christensen and

Norrevang (1969) and Posselt and Bender (1971). Difficulty was also

found in consistently differentiating between CF and normal control

serum using the Proteus vulgaris assay system (Manson, unpublished

findings), a high level of agglutination being present among the normal

control samples.

Danes and Bearn (1972), using medium from cultured CF fibroblasts,

demonstrated that not all CF samples exhibited CFF activity, as

measured by the oyster cilia assay. CFF activity was only found

consistently in those which also exhibited intracellular metachromasia,

suggesting genetic heterogeneity within CF.

A normal population study was carried out by Danes (1975) using

short term white blood cell cultures and assaying the activity using

the oyster cilia assay. She reported that the white blood cell system
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was detecting 1 in 10 of the normal population as having OFF activity,

too high to be accounted for by CF heterozygotes. She concluded that

in patients with a history of allergies environmental factors can

induce a CFF-like activity in white blood cell cultures.

Conover, Conod and Hirschhorn (1973b), using the rabbit tracheal

assay reported that OFF was present in sera from patients with various

respiratory and autoimmune disorders. Wilson and Fudenberg (1977a)

used a modified rabbit tracheal assay to show that serum from bronchial

asthma patients also caused ciliary dyskinesia, but unlike the CF and

heterozygote samples, the serum from asthma patients caused subsequent

ciliostasis. Chromatographic studies showed that the protein causing

ciliary dyskinesis in asthmatic patients serum is not the same as the

protein in CF serum.

The conclusions from these studies are that the bioassay systems

cannot reliably detect a CFF activity in CF and heterozygote biological

fluids which is not present in normal control samples. Negative results

are probably due to the labile nature of CFF, but it seems probable

that ciliary dyskinesis can be caused by a number of proteins not all

of which are specific to CF.

Isoelectric Focusing of CFF

The first isoelectric focusing (IEF) study in CF was carried

out by Schmoyer, Fischer and Brooks (1972). The CFF was first isolated

by ion exchange chromatography on DEAE cellulose, using heterozygous

serum. Only fractions in the pH range 8-9 were found to have CFF

activity as measured by the oyster cilia assay. Acrylamide gel

electrophoresis, at pH 8.9 was performed on the heterozygous serum

and the active fractions which had been obtained by ion exchange

chromatography. When isoelectric focusing was carried out in a wide
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t>H range, the active fraction migrated as a single band with an

isoelectric point of 8.5^. But when a narrow pH range was used two

active fractions were found with differences of less than 0.3 pH

units, which migrated to identical positions in acylamide gels.

Barnett, Schanfield, McCombs and Bowman (1973c) carried out IEF

of DEAE fractions of both CF and heterozygous serum with OFF activity.

The active fraction from CF homozygous serum had an isoelectric point

of 9.10 and was 22% of the total protein concentration recovered from

IEF. The active fraction in the heterozygous serum had an isoelectric

point of 9»30. The lower end of the elution profile from IEF of the

DEAE fraction from normal serum differed considerably from those of

heterozygous and CF elution profiles (see Figure 1).

Wilson, Jahn and Fonseca (1973) carried out IEF of whole serum

and fractions obtained by DEAE cellulose chromatography. With whole

serum, out of 17 of the normal control samples contained a band

with isoelectric point which was not present in 11 out of 12 of

the CF serum samples. It was also shown that CF samples contained

a band, isoelectric point 8.^1, which was not present in the control

samples. The heterozygous serum samples appeared to fall into three

groups:

(1) containing both and 8.^1 bands

(2) containing only 8.41 band

(3) containing only band

This, however, appeared to be only a quantitative difference, since

when the serum concentrations were increased, both bands were shown

to be present in the heterozygous samples, but increasing concentrations

had no effect on CF or control profiles.

DEAE cellulose chromatography followed by IEF characterised the

protein with isoelectric point 5.48 as being associated with the
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FIGURE 1.

Elution profiles of isoelectric focusing of DEAE fraction of serum,

pH 8-10 (Barnett _et al., 1973c)
1-CF

2-CF Heterozygote

VOLUME ml

Shaded area represents material which showed ciliary inhibition

on oyster gills. The inhibitory fraction had pH 9-1 in the CF

sample and pH 9-3 in the heterozygote sample. No fractions

caused ciliary inhibition in the normal control sample.
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beta globulin serum fraction and the protein with isoelectric point

8.41 as being associated with the gamma globulin fraction. Both

fractions were heat labile.

Altland, Schmidt, Kaiser and Knoche (1975) tried to reproduce

Wilson's findings, but found different profiles in the pH range 8.9

which did not appear to be unique to CF and heterozygote serum. They

also found great variability within the groups studied and could not

therefore, readily detect an abnormal serum factor by this method.

However, IEF, combined with two dimensional disc electrophoresis,

showed a compound unique to CF and heterozygous serum. Other

compounds migrated in disc gel electrophoresis at the same speed,

but concentrated at a lower pH in IEF.

Wilson and Fudenberg (1976) studied the protein with isoelectric

point 8.41 (cystic fibrosis protein, CFP). In a study of 65 CF

homozygotes, 66 heterozygotes and 110 normal controls, 96% CF

homozygotes, 6k% obligate heterozygotes and 8% controls were CFP-

positive. Fractionation of phosphate ethylene diamine tetra-acetic

acid (EDTA) treated serum by DEAE cellulose chromatography indicated

CFP eluted with IgG. Fractionation of 8M urea-treated DEAE cellulose

eluate by ultrafiltration indicated CFP had a MW between 1000 and

10,000. Dialysis using a Spectrapor 3 dialysis tubing showed the

MW to be between 3i500 and 10,000. Cystic fibrosis protein purified ■

by Sephadex G200 gel filtration was associated with two different

Ml-/ fractions 90,000-180,000 and 1,000-13,700 , which may indicate

that the factor occurs both in association with IgG and also in a

free form in serum.

The CFP shares several characteristics with the ciliary

dyskinesis factor and Wilson, Mosher and Fudenberg (1977) therefore

carried out a study to find if any correlation existed between CFP
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and the factor which caused asynchrony in the rabbit tracheal assay.

The results indicated that several serum proteins had ciliary

dyskinesis activity, but only one of these corresponded to CFP and this

appeared to be a marker for the CF gene.

Cff and the Complement System

Isoelectric focusing was used by Rao and Nadler (197*0 to analyse

arginine esterase in CF serum. Rao had previously reported a decrease

in kallikrein activity in the serum of CF patients and heterozygotes,

and suggested that this defect could explain the clinical and

biochemical abnormalities of CF (Rao, Posner and Nadler, 1972). The

results of the IEF experiments showed the absence of a single band of

arginine esterase activity in CF serum, suggesting the absence of sin

arginine esterase isozyme.

This deficiency of arginine esterase was viewed with interest

by many workers, since there was increasing evidence of some

abnormality in the complement system in CF, and since arginine

esterase is responsible for the conversion of the C3a (anaphylatoxin)

component of the complement to an inactive form in serum. Conover,

Conod and Hirschhorn (197*0 showed that, when C3a (anaphylatoxin) was

associated with IgG, it behaved in a similar manner to CFF in the

rabbit tracheal assay. They also showed that the incubation of control

serum with epsilon amino caproic acid (EACA) converted the serum from

a CFF-negative to a CFF-positive state. Epsilon amino caproic acid is

known to be an inhibitor of carboxypeptidase-B-like anaphylatoxin

inactivator, which strongly suggests that a deficiency of carboxy-

peptidase-B-like enzyme could be responsible for the presence of CFF.

This was consistent with their previous results (Conover et al., 1973a)

which showed increased levels of C3 in the serum of patients with CF
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and in heterozygotes, but normal haemolytic activity of the complement

system. Increased levels of C3 were also reported by Lieberman (197*0

and Polley and Beam (197*+)- The latter also reported increased C3

haemolytic activity.

From these results, it would appear that some type of abnormality

of the complement system exists in CF. However, Bowman et al., (1975)

were unable to find any immunoprecipitation when they tested the low

MW, OFF active protein fraction, which they had isolated by double

immunodiffusion against C5, C3 or C3a human antisera. There may instead

be a more indirect relationship between CFF and the complement system,

such as that hypothesised by Wilson and Jahn (197*0- Using the cytolysis

of Colpidium striatum as an assay system for CFF, they found evidence

that the system was dependent on complement, although the complement

system appeared to be functioning normally in CF serum. They therefore

suggested that the CFF and C1q may bind at adjacent sites in the IgG

heavy chain constant region, and thus, by steric interference, CFF

may inhibit the complement system.

CFF and Polyamine Metabolism

Boquist (1969) demonstrated that excess administration of

methionine to the pancreas of Chinese hamsters induces pathological

changes ressembling those found in CF. Several workers have therefore

investigated polyamine metabolism in CF patients.

Increased levels of spermidine and spermine in CF serum and an

increase in spemidine/spermine ratio have been reported, although some

overlap with control subjects was observed (Munro,Lederman and Miller,

1975; Rennert,Frias and Shukla,1976). The key enzymes in polyamine

metabolism, ornithine decarboxylase and s-adenosyl methionine decabox-

lase, were examined in the fibroblasts of CF patients by Buehler et al.,
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(1977), but no abnormalities were found (see Figure 2).

Spermidine is known to influence the transport of various

molecules. Both spermidine and serum from CF patients were shown to

interfere with C-D methylglucose transport in rat jejunal epithelial

system (Arvanitakas, Mangos and McSherry, 1972).

There is no direct evidence to relate the increased polyamine

levels to GFF activity, but it was shown by Arvanitakas _et al.,(1973)

that addition of polyamine oxidase to CF serum removed the CFF

activity. It has also been suggested by Nelson, Bishop and Horning

(unpublished findings) that polymers of the partial oxidation products

of spermidine and spermine are associated with the salivary amylase

fraction as has been shown for CFF activity in saliva.

Alpha2 macroglobulin and CFF

Alpha^macroglobulin (A^M) is thought to paticipate in the
regulation of several circulating enzyme systems. It forms complexes

with plasmin (Ganrot,1967), thrombin (Lanchantin, Plesset, Frieamann

and Hart, 1966), kallikrein (Harpel,1970) and trypsin, chymotrypsin,

cathepsins and other endopeptidases (Barrett and Starkey, 1973;

Harpel, 1973).

Harpel (1973) showed that which had not formed a protease

complex consisted of four subunit chains each with MW 185,000. Upon

complex formation A^M is proteolytically cleaved at the same region
in each subunit chain resulting in the production of a single

proteolytic derivative with MW 85,000.

Analysis of the protein with an isoelectric point 5-^8, which

was found to be deficient in the plasma of CF nomozygotes and

obligate heterozygotes (Wilson at al., 1973), has indicated it to

be a fragment of A^M (Wilson and Fudenberg, 1976).
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No significant difference has been found between the levels of

A^M in CF patients, obligate heterozygotes and normal control plasma
samples (Wilson and Fudenberg, 1976), and purified A^M from CF and
control plasma has been shown to have identical antigenic properties,

immunoelectrophoretic mobility and UV absorption spectra (Shapira,

Martin and Nadler, 1977b). It has, however, been shown that A2M from
CF patients has reduced binding with papain, trypsin and thrombin as

compared with controls (Shapira, Ben-Yoseph and Nadler, 1977a). The

molecular defect leading to a deficiency of A^M fragment (Wilson et_ al.,
1973) and A^M protease complex (Shapira, Rao, Wessel and Nadler, 1976)
must therefore be due to a defect within the A^M molecule.

Polyamines, A^M and Possible Associations with CFF

The exact biological role of the A^M protease complex is not
known, but it is thought to be the major inhibitor of plasmin (Kaplan,

1974), kallikrein and similar plasma arginine esterases (Harpel, 1970;

Kaplan, 197^)» and may therefore be important in local inflammatory-

responses and breakdown of biologically active polypeptides (Laurell

and Jeppsson, 1975)• A structural abnormality or blockage in A^M
binding would decrease plasmin inhibition, resulting in increased

activation of kallikrein and overproduction of kinins. Also increased

production of C3a and chemotactic factors could occur through the

action of plasmin on C3 and C1s (see Figure 3).

Polyamines and their oxidation products have been shown to be

capable of binding A^M and altering its ability to bind and they can

thus regulate proteases. At 10mM concentrations the polyamines caused

A2M to release completely previously 'entrapped' proteases. Although
this level of polyamine is not present in CF plasma, it was felt that
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longer incubation with smaller quantities might produce the same

results (Wilson and Fudenberg, 1978).

A^M is also found as a surface membrane component of B
lymphocytes and certain subpopulations of lymphocytes. B and T cells

associated A£M may be involved in modulation of immune response.

Cohen, Lundgren and Farrell (1976) showed increased levels of poly-

amines in lymphocytes and granulocytes. bound to B or T cells

will therefore come into direct contact with high levels of poly-

amines possibly released by granulocytes during degranulation or

cellular disruption.

Wilson and Fudenberg (1978) proposed that the primary reason

for chronic obstructive lung disease in CF is a concentration dependent

inhibition of A^M function by polyamines combined with abnormal
regulation by polyamines of proteases such as elastase and collagenase

involved in digesting dead tissue and microorganisms. If these

enzymes are inhibited lung obstruction will build up due to the

pressure of excess mucus and debris.

Wilson and Fudenberg (1977b) found preliminary evidence that

CFF is an abnormal protease-polyamine complex (CFP-PA). It has

been shown that polyamines affect electrolyte transport and membrane

stability (Cohen, 1971; Bachrach, 1973). Wilson and Fudenberg

therefore suggested that CFP-PA complex is the effector substance

responsible for ciliary dyskinesis and hence membrane instability

in the rabbit tracheal assay and that CFP-PA is responsible for the

altered membrane electrolyte transport in CF and may also be

responsible for inhibiting A2M.
A defect in polyamine metabolism linked either directly or

indirectly with CFF production, which in turn effects membrane

stability and A^M and protease function, can therefore explain many of
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the clinical symptoms and the pathophysiology of CF.

Summary

The OFF is a small molecular weight protein which can be

detected by various biological assay systems, none of which is

reliable enough to be used for heterozygote detection. Isoelectric

focusing studies have indicated that several serum proteins can cause

ciliary dyskinesis but only one of these is specific to CF and this

appears to be a marker for the CF gene. Immunological studies have

suggested that CFF is an abnormal protease-polyamine complex, which

is closely involved with clinical presentation of the disease.
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SECTION III

AIMS OF THIS STUDY

One of the major problems of CF is the lack of any suitable

biochemical test for carriers of the disease. Bioassays and

physiological tests for homozygotes with CF are unsuitable for both

heterozygote detection and prenatal diagnosis. This puts considerable

restriction on genetic counselling. The aim of this study was to

find a valid biochemical system which could be used in carrier

detection and prenatal diagnosis of CF.

One of the most consistent abnormalities found in CF has been

the cystic fibrosis factor, but the use of biological assays for its

detection has given very variable results. It was therefore decided

to attempt to produce a more quantitative assay for CFF by raising

antiserum to the factor, which could then be used to develop a

radioimmunoassay.

For a substance to be antigenic, it requires certain properties

one of which is to have a high MW. A substance with MW less than

5000 is not likely to be a good antigen. Such molecules require to

be attached to a carrier molecule (usually a serum protein such as

albumin) to induce an immune response.

The MW of CFF has been estimated at between ^500 and 10000

daltons (Barnett at al., 1973; Bowman et al., 1975) and also at less

than 5000 daltons (Danes et al., 1973) and in this MW range it is

difficult to know if it will have antigenic properties. It has

however, been shown to exist in serum linked to IgG (Bowman et al.,

1975) which will act as a carrier molecule for CFF in antibody

production.
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The most suitable antigenic material for the production of

antibodies to CFF would therefore, in theory, appear to be the IgG

fraction of serum. It was however, decided to use several other

systems which were known to contain CFF since the antigenic properties

of the unconjugated protein have not been established. Whole CF

serum was also used to ensure that the CFF was being injected without

the loss or degradation involved in purification. However, since CFF

is a minor serum component, injection of large amounts of antigenic

material may result in the response to CFF being masked.

CFF has also been reported to be present in fibroblast medium

in which CF cells have been grown (Danes and Bearn, 1972; Beratis

et al., 1973)• In fibroblast medium there is no association of CFF

with IgG, and the molecular weight estimates of ^500-10000 (Barnett

et al., 1973; Bowman _et al., 1975) indicate that it may be large

enough to have antigenic properties. The fraction of fibroblast

medium with MW 700-10000 daltons was therefore also used as antigenic

material for injection into rabbits.

The antisera produced were studied in three different ways.

(1) Immunoprecipitation techniques were used routinely to test each

bleed from the rabbits.

(2) Immunofluorescent techniques were used to study the antisera

which had shown positive results by immunoprecipitation.

(3) Radiolabelling techniques were used in an attempt to produce

a radioimmunoassay for CFF.

A different approach to the problem of heterozygote detection

and prenatal diagnosis was also attempted on the basis of a report

by Hosli et al.,(1976). The study was based on the premise that

the mutation in CF affects cellular lysosomes (as has been suggested



in metachromatic studies by Danes and Bearn, 1969) and that as with

lysosomal storage diseases, feeding cultured fibroblasts with a

polymer that cannot be digested because of an enzyme deficiency,

leads to induction of lysosomal enzymes and alkaline phosphatase.

They found, using ultramicrochemical techniques, that alkaline

phosphatase (AP) activity rose to about kOO% of control values after

feeding the cells for *f8 hours with 100 micrograms per ml of Tamm-

Horsfall urinary glycoprotein (TH). The AP level in fibroblasts from

normal controls and heterozygotes for CF was found to alter very

little after feeding with TH. In addition they found that the base¬

line values for AP activity tended to be higher in cell lines from

CF patients than in normal controls ( up to of controls).

However, the values were found to fluctuate considerably within

different CF cell lines and within different subcultures of the same

cell line. In addition alpha-glucosidase was found to be elevated

above the control level in certain CF cell lines and incubation

with TH also had the effect of increasing alpha-glucosidase activity

in the CF fibroblasts.

In view of these findings, it was concluded that CF is probably

caused by a block in catabolism of specific glycoproteins. It was

considered that the induction of AP activity by TH in fibroblasts

from CF patients, and the difference in response between CF homo-

zygotes, heterozygotes and normal controls, would make it possible

in principle, to diagnose CF in utero.

Experiments were carried out in an attempt to confirm these

findings without using ultramicrochemical methods. The levels of

three enzymes - alkaline phosphatase, alpha-glucosidase and N-acetyl-

beta-D-galactosaminidase (hexosaminidase) - were measured in CF and

normal control fibroblasts, with and without the addition of TH.
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MATERIALS

ISOTACHOPHORESIS

LKB 7900 Uniphor Isotachophoresis Equipment

Ampholine carrier ampholites pH 7-9 (LKB Produkter AB, Sweden)

Riboflavin-5-phosphoric acid monosodium salt dihydrate (Sigma, London)

Glycine ]

Acrylamide /

N,N' methylene bisacrylamide (BIS) V (BDH Chemicals Ltd)

Tris (hydroxymethyl) methylamine (TRIS) I

N,N,N',N' tetraethyl ethylene diamine (TEMED) J

AFFINITY CHROMATOGRAPHY

Agarose antihuman-IgG (Miles-Yeda Ltd)

Cyanogen bromide activated Sepharose (Pharmacia Fine Chemicals AB)

Antihuman IgG (Behringwerke AG)

Phosphate buffered saline, pH 7-2 (PBS)

Amicon B15 ultrafiltration concentrator

Standard human serum (Behringwerke AG)

Protein A Sepharose CL *fB (Pharmacia Fine Chemicals AB)

Potassium Iodide J

TISSUE CULTURE

Hams F10 (Flow Laboratories Ltd)

Fetal calf serum (Gibco-Biocult ltd)

Trypsin (Difco Laboratories)

3-(N-morpholino) propane sulphonic acid (MOPS) (Hopkins and Williams)

Urea i (BDH Chemicals Ltd)
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Dulbecco 'A' (Oxoid Ltd)

Ethylene diamine tetra-acetic acid (Versene) (BDH Chemicals Ltd)

Benzyl penicillin (sodium BP) 100units/ml (Glaxo Laboratories Ltd)

Streptomycin (sulphate BP) 100pg/ml (Glaxo Laboratories Ltd)

Cellulose nitrate filters SM 12136 (V.A. Howe and Co. Ltd)

Sephadex G10 (Pharmacia Fine Chemicals AB)

N-2 hydroxyethyl piperazine-N'-ethane sulphonic acid (HEPES)

(Hopkins and Williams)
2 2

Tissue culture bottles (plastic) 25 cm and 75 cm (Gibco-Biocult Ltd)

CF skin biopsies from patients in the Royal Hospital for Sick

Children, Edinburgh.

CF fibroblasts from the Children's Hospital, Montreal.

Normal control skin biopsies from laboratory personnel

IHMUNOPRECIPITATION EXPERIMENTS

Diethyl barbituric acid

Sodium barbitone / (BDK Chemicals Ltd)

Calcium lactate I

Merthiolate (Western General Hospital, Edinburgh, dispensary)

Agarose (Sigma, London)

Non-immune rabbit serum (Wellcome Reagents Ltd)

IMMUNOFLUORESCENT EXPERIMENTS

Fluorescein conjugated swine antirabbit serum IgG (heavy and light

chain) (Dako Immunoglobulins)
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RADIOLABELLING EXPERIMENTS

125
Na I (Radiochemical Centre, Amersham)

Chloramine-T

Polyethylene glycol 6000 (PEG)

Horse serum (Wellcome Reagents Ltd)

(BDH Chemicals Ltd)

ASSAYS OF LYSOSOMAL ENZYMES AND ALKALINE PHOSPHATASE

4-methylumbelliferone (Koch Light Laboratories Ltd)

Diaminoethane (BDH Chemicals Ltd)

4-methylumbelliferyl dihydrogen phosphate ^

^f-methylumbelliferyl-alpha-D-glucopyranoside

^t—methylumbelliferyl-2-acetoamido-2-deoxy-

beta-D-galactopyranoside /

2-amino-2-methylpropandiol-(1,3)-HCl (BDH Chemicals Ltd)

(Koch Light
Laboratories Ltd)
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METHODS

A - PREPARATION OF ANTIGENIC MATERIAL FROM CF PATIENTS

(1) SERUM COLLECTION AND PREPARATION

Whole blood was collected in plain tubes, once a week, from the

CF outpatients' clinic at the Royal Hospital for Sick Children,

Edinburgh. The blood was centrifuged after clot retraction and the

serum retained and stored at -20°C. Normal control samples were

taken from laboratory personnel and treated similarly.

(2) PREPARATION CF IgG FRACTICN FROM SERUM

The IgG fraction was separated from serum by three different

methods,

(a) isotachophoresis

(b) affinity chromatography with Sepharose-linked anti-IgG

(c) affinity chromatography with Sepharose-linked protein A .

(a) Isotachophoresis

Isotachophoresis is an electrophoretic method in which charged

ions are separated according to their electrophoretic mobilities.

The sample is introduced between a leading electrolyte containing an

ion with a mobility higher than the sample ions and a terminating

electrolyte containing an ion that has a mobility lower than the

sample ions. The leading, terminating and sample ions all have net

charges of the same sign and a single counter ion with a buffering

capacity is used.

In isotachophoresis, in contrast to zone electrophoresis, there

is no continuous buffer system to establish a constant pH and
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conductivity throughout the system. The current is conducted by the

isotachophoretically moving ions and the common counter ion. The

discrete sample zones are therefore, forced to stay in immediate

contact with each other and then all the zones migrate with the same

velocity. The electronic field strength is inversely proportional to

the net mobility at a given velocity (see Figure k).

Preparation of the gel;

gel solution no.1 - acrylamide 33% (w/v)

gel solution no.2 - BIS 2.0% (w/v)

catalyst solution no.1 - riboflavin 0.08% (w/v)

catalyst solution no.2 - ammonium persulphate 0.1% (w/v)

Solutions were mixed as follows; 5»0 ml gel buffer, 5-0 ml gel

solution no.1, 2.5 ml gel solution no.2, 5*0 ml catalyst solution

no.1, 5.0 ml catalyst solution no.2, made up to 50 ml with distilled

water. 30 ml of the gel mixture were poured down the inner wall of

the LKB Uniphor column, 2 ml of the gel buffer (at a 1:10 dilution)

were layered on top of the gel and the gel was allowed to photo-

polymerise by placing it 20 cm from a light source. The gel was then

stored at k°C overnight to ensure complete polymerisation. The gel

buffer overlay was removed just before use.

Procedure: cathode buffer (terminating electrolyte) - TRIS/glycine

pH 8.k - 30.Og glycine, 6.0g TRIS made up to 2 litres

with distilled water.

anode buffer (leading electrolyte) - TRIS/H^PO^ pH 6.25
60 ml 1M H^PO^, 8.0g TRIS made up to 2 litres with
distilled water.

gel buffer

0.03% TEMED.
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FIGURE k.

Isotachophoresis•
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When the voltage is applied to the system, all the ions start

to migrate with velocities determined by the field strength and their

net mobilities (B). Initially the pH of the sample zone is uniform

(A), but as the sample zones gradually separate into discrete zones,

stepwise pH and field strength gradients are formed. After a certain

time the system reaches a steady state (C) with distinctly separate

sample ion zones located between the leading and terminating ions and

arranged in order of their net mobilities.
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The column was set up according to the LKB instruction manual.

The sample, containing 2 ml pooled CF serum, 1 ml ampholine pH 7-9

and 7 ml TRIS/glycine buffer, pH 8.^ (cathode buffer) was introduced

on to the top of the gel. A current of 10 mA and a voltage of 200V

was applied to the gel. The pump was adjusted to a flow rate of

20 ml per hour. The fraction collector was set for the collection

of 1 ml samples.

Testing the Isotachophoresis Fractions: The fractions were

tested for IgG by rocket immunoelectrophoresis (see page 68). A

"]% agarose gel was poured on to a x inch glass plate. A strip

of gel was removed and 2.5 ml gel containing 25 jul anti-IgG was

inserted. Ten microlitre samples of the fractions from the column

were placed in the sample holes and run at 10V overnight at ^°C.
The fractions were also tested for activity in the Proteus

vulgaris assay system. The assay was carried out as described by

Cohen and Daniel (197*0. A culture of Proteus vulgaris was removed

from a plate of MacConkey's agar, on which it had been maintained

at *t-°C, placed in 20 ml nutrient broth and incubated at 37°C for

3 hours, when the. bacteria were well into log phase. One drop of

the isotachophoresis fraction was transferred from a sterile pasteur

pipette to a microscope slide and to this was added a drop of

bacterial suspension. The slide was then covered with a coverslip

and examined under phase contrast, using a Leitz microscope, with a

final magnification x500, for agglutination of the bacteria.

(b) Affinity Chromatography with Sepharose-linked anti-IgG

Affinity chromatography is a type of adsorption chromatography

in which the bed material has a biological affinity for the substance
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to be isolated. The specific adsorptive properties of the bed material

are obtained by covalently coupling an appropriate binding ligand

to an insoluble matrix. The binding ligand is then able to adsorb

from solution the substance to be isolated, desorption being

subsequently carried out by changing the experimental conditions after

unbound substances have been washed away, e.g. by using low pH

(acetic acid) or high ionic strength (2M potassium iodide).

The most frequent sites for the attachment of proteins to solid

matrices are the N-terminal amino groups and the amino groups contained

in lysine residues. Other groups which may be involved in coupling

are the guanidyl groups in arginine, the C-terminal ends of the

protein and carboxyl residues present in glutamic and aspartic acids.

The most generally used method for coupling a ligand to the

matrix is the cyanogen bromide method (Axen, Porath and Ernback, 1967)*

This method results in an active product to which any molecule contain¬

ing an amino group can be easily covalently coupled under mild

conditions. The exact nature of the reaction product is not known,

but it is believed that cyanogen bromide reacts with the hydroxyl

groups of Sepharose to form cyclic and acyclic iraidocarbonates.

During the coupling of the ligand to the active product the imido-

carbonate groups react with the amino groups belonging to the ligand

with the formation of covalent linkages.

Preparation of CNBr Activated Sepharose *fB anti-IgG: 2g CNBr

activated Sepharose 4-B was allowed to swell in 50 ml 1mM HC1, (the

low pH preserved the ligand binding activity of the gel). The

activated Sepharose was then washed with kOO ml 1mM HC1 (200 ml per

g of dry powder) in several aliquots, the supernatant being taken

off between successive additions. The activated Sepharose was then
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filtered and suspended in 20 ml 0.1M NaHCO^ (containing 0.5M NaCl),
pH 8.3, (the coupling reaction proceeds most efficiently in the pH

range 8-10 with the amino groups predominantly in the unprotonated

form). 2 ml anti-human IgG was added. The slurry was kept at *f°C
for 2k hours and was then washed three times with PBS. It was

resuspended in PBS and stored at k°C.

Agarose anti-human IgG: This was also used in a column to isolate

IgG. The commercial agarose anti-human IgG had been prepared accord¬

ing to Axen et al., (19&7).

The slurry was packed into a column and washed with PBS. Serum

(0.1 ml) was passed through the column with PBS. The bound fraction

eluted with 0.1M acetic acid pH 2.2. The elution was followed using

an LKB 83OO UVicordll and 1 ml fractions were collected on an LKB

Ultrorac 7000 fraction collector.

The samples constituting the unbound fraction (fraction 1)

were combined, as were those constituting the bound fraction (fraction

2). Fraction 2 was first neutralised with 1M sodium hydroxide

and dialysed against PBS for 2k hours, with three changes of buffer,

to remove the acetic acid. Using an Amicon B15 ultrafiltration

concentrator, each fraction was then concentrated to 0.1 ml (i.e.

the original volume of serum added to the column).

The fractions were then tested for IgG by rocket Immunoelectro¬

phoresis. In the sample holes were placed 10 jul of whole serum,

fraction 1, fraction 2 and standard human serum (1:10 dilution).

The plate was run at 10V overnight at k°C. The plate was washed,

dried and stained. The area under each peak was calculated and,

using the known concentration of IgG in standard human serum as a

reference, the amount of IgG which had bound tG the column, was
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estimated

Fraction 2 was collected from a number of control and CF serum

samples and after concentration was tested for agglutination activity

in the Proteus vulgaris assay system.

(c) Affinity Chromatography with Sepharose-linked Protein A

Protein A is a protein isolated from the cell wall of

Staphylococcus aureus. The characteristic biological property of

protein A is its ability to interact and form precipitates with a

wide variety of IgG molecules from several species. Kronvall and

Williams (19^9) found that the precipitation reaction is specific

for subclasses 1, 2 and 4 of human IgG, involving the Fc part of

the IgG molecule

Protein A Sepharose CL 4B is protein A covalently coupled to

Sepharose CL 4b by the cyanogen bromide method. This can be used

for the isolation of IgG 1, 2 and 4 from serum. Since the CFF has

been shown to be bound mainly to IgG 1 and 2 (Danes _et al., 1973)
the loss of IgG 3 in the unbound fraction in not important.

Procedure: The freeze-dried protein A Sepharose CL 4B gel was

swollen in PBS and packed into a column. 2ml of serum were placed

on the column and eluted with PBS (fraction 1). The bound fraction

(fraction 2) was eluted by three different methods using (a) 1M

acetic acid (b) 2m potassium iodide and (c) 8m urea. The elution

of the two fractions was followed using an LKB 83OO Uvicord II.

Immediately after elution with 1M acetic acid, fraction 2

was neutralised with 1M sodium hydroxide. This solution was dialysed

for 24 hours against PBS with three changes of buffer. The fraction

which was eluted with 2M potassium iodide was passed through a
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Sephadex G10 column to remove the potassium iodide. The fraction

which had been eluted using 8m urea was treated similarily to the

acetic acid fraction, the urea being removed by dialysis against

PBS for 2k hours, with three changes of buffer. The fractions were

then concentrated to 2 ml in an Amicon B15 ultrafiltration

concentrator.

Fraction 2 was tested for OFF activity in the Proteus vulgaris

assay and for the efficiency of Protein A in binding IgG by rocket

immunoelectrophoresis.

(3) PREPARATION AND TREATMENT OF FIBROBLAST MEDIUM

Skin biopsies were taken from CF patients and normal controls.
2

The skin was cut into small pieces and placed in 25 cm plastic

tissue culture bottles. The explants were allowed to dry out

slightly until they adhered to the plastic. Hams F10 containing,

12-5 mM MOPS, 20% fetal calf serum, 100 units/ml penicillin and

100 p.g/ml streptomycin were added to the bottles. These were

placed in an incubator at 37°C and the medium changed every three

days.

When the cells had grown from the explants to form a confluent

monolayer in the bottles, the medium was removed and the cells

washed with sterile PBS. A mixture of 0.25% trypsin and 0.0^%

versene (1:1) was added to the bottles and left for 10 minutes. The

cells were spun down at 1,000 rpm for 5 minutes and resuspended
2

in the medium. The cell suspension was split between two 75 cm

plastic bottles. This trypsinisation procedure was repeated

whenever the cells formed a confluent monolayer in the bottles.
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The medium, in which the cell had been growing for 72 hours,

was removed. It was passed through a cellulose nitrate membrane,

SM 121 36 under nitrogen pressure. Molecular weights of 10,000

and greater were retained by this filter and smaller MW components

passed through. The small MW fraction was then desalted (i.e.

removal of MW less than 700) by passing it through a Sephadex G10

column, which retained small MW components. The fraction with MW

700-10,000 was freeze-dried and made up to 1 mg/ml solution with

PBS. The solutions were stored at -20°C.

B - IMMUNISATION CF RABBITS WITH OF ANTIGENIC MATERIAL

(1) SELECTION OF SPECIES

Rabbits are the most frequently used species in the production

of precipitating antibodies (precipitins) because they respond well

to many antigens, yield reasonably large volumes of antiserum, are

easy to handle and are inexpensive. New Zealand white rabbits were

used in these experiments.

Most species of animals respond slowly (weeks), to make

detectable precipitins after the initial stimulation with antigen,

and at this stage antibodies to the weaker antigen may either not

be precipitins or be too weak to detect. On secondary stimulation

with the same antigen mixture they will respond more rapidly

(within days) making increased levels of precipitins to the stronger

antigens and detectable levels of precipitins to weaker antigens.

(2) USE OF ADJUVANTS

A low concentration of antigen in Freund's adjuvant is often

used for primary immunisation. Freund's adjuvant is a water-in-oil
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emulsion which may (complete) or may not (incomplete) contain

mycobacteria. It is a chemical irritant which physically distributes

the antigenic material throughout the body's lymphatic system and

biologically stimulates the reticuloendothelial system and associated

antibody-making mechanisms of the body. It retains the antigen at

the site of injection in an effective form for several weeks and a

response to the antigen, 500 times greater than when the antigen is

injected in saline, is not uncommon (see Figure 5).

Complete adjuvant may stimulate an animal to make precipitins

to antigens closely related to its own, but because the antibody

producing animal becomes preoccupied with making antibodies against

antigens of the mycobacteria, it can also depress the production of

unrelated antigens. This will not occur when using incomplete

adjuvant. Complete adjuvant is, therefore, seldom used for secondary

stimulation because the intense hypersensitivity reaction of the

boosted animal to mycobacteria in the emulsion would interfere

with the reaction of the animal to the other antigens to which it is

intended that it responds.

(5) TYPES OF INJECTIONS

The preferred route of inoculation for Freund's adjuvant is

intramuscularly. This provides rapid access to the circulation and

lymphatics. A single intramuscular dose (1 mg-10-mg protein

antigen in 0.5 ml Freund's adjuvant) stimulates antibody responses

similar to those shown in Figure 5« Once the primary response has

had time to reach this plateau, booster inoculations are given by a

subcutaneous route, from which the antigen is absorbed relatively

slowly.
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FIGURE 5-

Antibody response of groups of mice inoculated subcutaneously with

2 mg ovalbumin either in saline (A) or an oil-in-water emulsion (•)

(Herbert, 1968).

days
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(k) TOLEROGENIC SELECTION

Animals can be made immunologically tolerant to antigens during

neonatal life when they have a limited capacity to develop an immune

response. When the animals are subsequently immunised with a

similar mixture of antigens, containing an antigen which was not

present in the tolerising mixture, precipitins will be made to the

additional antigen only. Thus a monospecific antisera can be made

without purifying the antigen (Gold and Freedman, 1965; Hyde, Bennett

and Garb, 1965; Antoine and Neveu, 1967)*

The tolerogenic state is not a permanently acquired character¬

istic, the duration depending on the amount of antigen given at birth

(Smith and Bridges, 1958; Humphrey, i960). Subsequent injections

of the tolerising mixture lead to a more prolonged tolerant state.

If, therefore, rabbits are made tolerant to serum or fibro¬

blast medium from normal controls, subsequent injections of serum «

or fibroblast medium from CF patients might result in the formation

of precipitins to proteins found only in the CF samples, i.e. it

should be possible, in theory, to make a monospecific antiserum to

CFF without first purifying it.

(5) PROCEDURE FOR BLEEDING RABBITS

The time interval between immunisation and bleeding is

important, early bleeding generally producing high specificity and low

activity antisera while late bleeding produces low specificity, high

activity antisera (Ctaland, 1963; Rodkey and Freeman, 1970). However,

the sequence of antibody production to the same antigen may differ in

individual animals. Boosting injections of antigens usually provoke

a rapid rise of precipitin titres and this rise is partially
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proportional to the amount of antigen used. But these heightened

levels drop rather quickly after-wards so that bleeding should

usually take place a few days after the last boosting (Godzinska,

1966).

The type and sequence of antibody production is associated

with the nature of the antigen and how it is administered. In

this work, since little was known of the nature of the antigen, the

methods used were those which had proved successful for antibody

production in this laboratory.

(6) IMMUNISATION PROCEDURE

(i) The first injection given to the rabbits was 1 ml of an

emulsion made from Freund's complete adjuvant and antigenic

material from CF patients (1-10 mg/ml) 1:1. The injection

was given intramuscularly.

(ii) After three weeks, 1 ml of an emulsion made from Freund's

incomplete adjuvant and antigenic material from CF

patients (1-10 mg/ml) 1:1, was injected intramuscularly.

(iii) Subsequent injections were given subcutaneously (0.25 ml x k)

CF antigenic material (10-50 mg/ml) every two weeks.

(iv) Bleeding was started one week after the second injection.

50 ml of blood were collected every week.

(7) TOLERISATION PROCEDURE (Gold and Freadman, 1965)

Within 12 hours of birth neonatal New Zealand white rabbits

were given intraperitoneal injections of normal control serum or

normal control fibroblast medium (img/ml). Injections of the

material were given every day increasing from 0.25 ml initially to
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0.5 ml on day 5« After weeks a sample of blood was taken from each

rabbit and tested for tolerance to normal control serum or fibro¬

blast medium by rocket immunoelectrophoresis. Immunisation procedure

then followed the same pattern as that of the non-tolerised rabbits.

C - TESTING ANTISERA RAISED TO CF ANTIGENIC MATERIAL

(1) ABSORPTION OF ANTISERA

The antisera which were raised in non-tolerised rabbits were

first absorbed with control samples before testing in these systems.

This resulted in the precipitation of antibodies which had been raised

to proteins found in control samples, leaving only those antibodies

to CF specific proteins in the supernatant.

(i) To the antisera raised by injection of CF serum was added

0.2 ml of normal control serum. This was left for two hours

to allow the precipitation reaction to take place. The

antisera were then spun down at 3000 rpm for 15 minutes.

The supernatant was removed and tested by rocket immuno¬

electrophoresis. If several precipitin bands were still

apparent, the process was repeated with the supernatant until

no reaction to control samples was seen (see Figure 6).

(ii) The same procedure was carried out for the antisera raised to

CF IgG. In this case control IgG was used for absorption.

For antisera raised to CF fibroblast medium extract, control

fibroblast medium extract was used for absorption.
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FIGURE 6.

Testing absorption of antiserum by rocket Immunoelectrophoresis.

S- normal control sample which has been used to absorb the antiserum.

A- agarose gel containing antiserum.

(1) unabsorbed antiserum

(2) the supenatant after the first absorption, in which there are

still antibodies to the normal control sample

(3) the supernatant after a second absorption, in which all the

antibodies to the normal control sample have been precipitated

out.
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(2) IMMIJNOPRECIPITATION TECHNIQUES

A variety of methods are available for both qualitative and

quantitative testing of antibody-antigen complexes. The systems

considered here are agarose gel systems, in which the antibody-antigen

complex exists as a precipitate which may be stained with a protein

stain, after the soluble protein has been washed out with saline.

The basic requirements for the technique are a soluble antigen

(so that it can diffuse through the gel) and a complete antibody

(so that the immune complexes are insoluble and thus form visible

precipitates).

Double Immunodiffusion (Ouchterlony, 19^8)

This is one of the simplest gel precipitation methods which is

used mainly for studying the structural relationships between

antigens using antisera of limited specificity (see Figure 7)- The

antibody solution (antiserum) and the appropriate antigen are placed

in separate wells in an agarose gel. An immunoprecipitation reaction

occurs after the antibody and antigen have diffused through the gel

to meet each other. The position of the precipitation line depends

upon the relative mobilities and concentrations of the proteins. Too

high a concentration of antigen will result in the non-appearance of

a precipitate, since most immune complexes are soluble in antigen

excess.

Multiple reactions in the double diffusion system are indicated

by the number of precipitation lines between the antigen and antiserum

wells. In such cases it is usually not possible to make detailed

studies on the individual bands without the aid of immunoelectro-

phoresis.
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FIGURE 7-

Precipitation patterns of Double Immunodiffusion.

© © ©©

@ Q 0

(a) antigens B are identical serologically and used in equal

concentrations

(b) antigens B are identical serologically but used in

different concentrations

(c) antigens B and C are serologically different but the

antiserum contains antibodies to both antigens

(d) antigen B is similar enough to Ba to be capable of

precipitating some antibodies in the antiserum against Ba

(e) two antigens are different but related to a third antigen

for which the antiserum contains antibodies.
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gel buffer: 1.3% diethylbarbituric acid

8.y6g sodium barbitone

0.38^ calcium lactate, made up to 1 litre.

gel: an agarose solution of 2g in 100 ml E^O was
heated in a boiling water bath for 1 hour

and then added to an equal volume of gel

buffer preheated to 60°C.

2
10 ml of the gel buffer solution was poured on to a 3^ in

glass plate and allowed to set. Holes were punched in the gel 5 nun

apart, as indicated in Figure 8a. The antiserum was placed in the

centre well and the samples of serum or fibroblast medium from CF

patients and normal controls were placed in the outer wells. The

plate was placed in a moist atmosphere and allowed to diffuse

overnight.

Rocket Immunoelectrophoresis (Laurell, 1966)

In this system the antigens are driven into an antibody-

containing gel by electrophoresis. The migration results in a

spreading of the antigen and a successive lowering of its

concentration in the gel. When the antigen concentration is low

enough for it not to be in excess of the antibody concentration,

a complex will form and precipitate (see Figure 9)• The area

contained within the precipitate increases in proportion to the

quantity of antigen present in the gel, provided there is a

standard concentration of antibody present. The height or area of

the rocket is then used to quantify the antigen (Laurell, 1972).
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tank buffer: 13.8g diethylbarbituric acid, 87.6g sodium

barbitone, 3-84g calcium lactate, made up

to 10 litres.

gel buffer: 11.07g diethylbarbituric acid, 70.07g sodium

barbitone, 10.2^g calcium lactate, 1 litre

merthiolate (1/1000) made up to 10 litres.

gel: an agarose solution of 2g agarose in 100 ml

distilled water was heated in a boiling water

bath for 1 hour and then added to an equal

volume of gel buffer preheated to 60°C.

2
10 ml of gel solution were poured on to a 3i in glass plate

and allowed to set. A strip of gel was removed from the centre

of the plate as indicated in Figure 8b. The empty strip was filled

with agarose containing 10-50% antiserum. Sample holes were

punched 2 mm from the edge of the antiserum gel and about 1 cm apart.

Ten microlitres of serum or fibroblast medium were placed in these

holes depending on which antiserum was to be tested.

The plate was placed in an electrophoresis tank and connected

to the tank buffer with filter paper bridges. A DC voltage of 10V

was applied across the gel and electrophoresis was performed

overnight at 4°C. The gels were washed for 2b hours in physiological

saline, covered with a wet filter paper and dried at 60°C. The dried

gels were stained in 0.5% Coomassie blue in methanol: acetic acid:

water (50:10:^0) for 30 minutes and destained in methanol:

acetic acid: water (50:10:^0) until clear.
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FIGURE 8.

(a) Agarose gel for immunodiffusion technique
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1-6 = normal control and CF samples

A = antiserum solution

(b) Agarose gel for rocket immunoelectrophoresis
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FIGURE 9-

Rocket Immunoelectrophoresis.

The leading edge of the precipitate is displaced at a decreasing

rate towards one of the electrodes. The edge becomes stationary

when an antigen excess can no longer be induced. For a given

antibody concentration the relationship between the distance

travelled by a precipitate and the antigen concentration is

linear*. Thus the test material can be quantitated using the peaks

formed by antigen solutions of known but different concentrations

as a reference.



(5) IMMON(FLUORESCENT EXPERIMENTS

Fluorescent labelling of antibody or antigen molecules is a

technique which can be used for the direct observation and

localisation of the antigen-antibody reaction within the cell. The

method can be used either with conjugated antibody of known specific

reactivity in order to detect antigen in the tissue examined* or

with tissue, containing known antigen, to test for the presence of

the corresponding antibody in the immune serum.

Fluorochromes are converted into derivatives containing

chemically active groups, e.g. isothiocyanate, which will readily

conjugate with the immune serum. The labelled immune serum will

retain its immunological reactivity and, when added to cells contain¬

ing the specific antigen, will form a fluorochrome-conjugated

antibody-antigen complex. Subsequent washing with saline removes the

uncombined conjugate so that on examination only the sites of

antigen-antibody interaction will appear fluorescent (Coons and Kaplan,

1950).

An indirect method of fluorescent labelling involves the

treatment of the cell preparation with the immune serum. This is

followed by thorough washing. A conjugated antiglobin serum of

appropriate species specificity is then added to test for any anti¬

body remaining specifically bound to antigen.

In these experiments, rabbit antisera, which had been raised

against CF fibroblast medium, were reacted with fixed cells from both

normal subjects and CF patients. After washing, the cells were

further reacted with fluorescein-conjugated swine anti-rabbit IgG

as a test of the primary reaction with rabbit antiserum.
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Method

The antisera were absorbed with fibroblast medium from normal

control fibroblasts - nontolerised rabbits, 1:0.5 ml, tolerised

rabbits 1 :0.2 ml- and all antisera were diluted 1:10 with PBS before

use.

2
Fibroblasts were removed from a 75 cm plastic tissue culture

bottle by first washing with sterile PBS and then adding a trypsin:

versene (1:1) mixture. This was left for 5 minutes. The cells were

then spun down at 1,000 rpm for 5 minutes and resuspended in 40 ml

Hams F10 medium which was buffered with HEPES and contained 3% fetal

calf serum. A viable cell count was made using the trypan blue dye

exclusion method (Hanks and Wallace, 1958) and the volume of the

medium was adjusted to give the same number of cells per ml in each

sample.

3 ml of the cell suspension was placed on a 50 mm plastic

petri dish containing a coverslip (*t0 x 20 mm). The cells were

incubated at 37°C for 2k hours to allow them to adhere to the cover-

slip. The medium was then removed and the cells washed three times

with sterile PBS. A solution of acetone : methanol (2:1) was added

to the cells at -20°C, and left at this temperature for 15 minutes

to fix the cells. Unfixed cells were also used.

The cells were washed a further three times with sterile PBS.

1 ml of the absorbed rabbit antiserum solution was placed on the

coverslip and left for two hours. The antiserum was removed and the

cells washed ten times with 5 ml PBS. 1 ml of fluorescein-conjugated

swine anti-rabbit serum IgG, diluted 1 in 5 with PBS, was added to the

coverslip and left for one hour. This was followed by a further ten

washings with 5 nil PBS. The coverslips were mounted in glycerol-saline
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and examined using a Leitz microscope with an ultraviolet light

source, a U.V. blue filter and 530K filter, with oil immersion.

Controls were set up using a 1:10 dilution of non-immune rabbit

serum in place of the absorbed rabbit antiserum.

(*f) RADIOLABELLING EXPERIMENTS

Very sensitive systems for studying antigen-antibody inter¬

actions can be set up by the use of radiolabelled antigen. At the

concentrations used, the antigen-antibody complex remains in solution

and a system must be used for the separation of antibody bound to

labelled antigen from free labelled antigen. This separation may be

achieved by using differences in molecular size, charge, adsorption

or solubility properties of the two moieties, or by precipitation of

the bound labelled antigen by a precipitation reaction, using a second

antibody raised to the gamma globulin of the first antibody.

The method used in these experiments was to label the antigenic

material which had been used to immunise the rabbits, separate the

radiolabelled antigens on polyacrylamide disc gel electrophoresis and

to allow the individually labelled antigens to react with the rabbit

antiserum and precipitate the labelled antigen-antibody complex using

polyethylene glycol (Brock et_ al., 1978).

(i) Labelling Antigenic Material

In order to measure small amounts (nanograms) with precision,

the antigen must be labelled to a high specific activity, most

readily accomplished by labelling with radionuclides of iodine.

The Chloramine-T Method (Hunter and Greenwood, 1962) : This is

the most widely used method for the radioiodination of small masses
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of protein to high specific radioactivities, for use as tracers in

125
radioimmunoassays. Na I is oxidised by chloramine-T in the

presence of the protein to be labelled, with subsequent incorporation
125of ( I) iodine into the tyrosine residues of the protein. Excess

chloramine-T is reduced by the addition of sodium metabisuphite

and free iodine is reduced ta iodide.

125
A 10 jul aliquot of Na I (100mCi/ml) was dispensed into a

polystyrene tube. Ten microlitres of 0.25M phosphate buffer (pH 7-5)

was added to buffer the iodide solution. The following were added in

rapid succession to the reaction mixture with continuous agitation:

10 jul antigen solution (img/ml), 10 jul chloramine-T (5mg/ml in

0.05M sodium phosphate buffer, pH 7.5), 10yil sodium metabisulphite

(I2mg/ml in 0.05M sodium phosphate buffer, pH 7*5)- The volume of

the solution was made up to 0.1 ml with potassium iodide solution

(2Qmg/ml in sodium phosphate buffer, pH 7-5)•

The separation of labelled protein from unreacted iodide was

carried out using a Sephadex G10 column (0.9 x 12 cm). The

iodination mixture was diluted to 0.3 ml with 0.05M sodium phosphate

buffer containing 2% horse serum,transferred to the column and

eluted with phosphate-serum buffer. 1 ml fractions were collected
125

and the column run until both iodinated protein and free ( I)

iodide peaks had been eluted. The specific activity of the

iodinated protein was estimated by measuring the counts in a Packard

Auto Gamma Scintillation Counter and by using the calculation

described by Bolton.(1977)•

(ii) Separation of Iodinated Proteins using Polyacrylamide Disc

Gel Electrophoresis.

The labelled proteins of the antigen solution were separated
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using polyacrylamide disc gel electrophoresis. A polyacrylamide

gel was prepared using 6.68 ml acrylamide mix (30% acrylamide,

1% bisacrylamide), 5-0 ml 3M TRIS/glycine (pH 8.9), 0.02 ml TEMED,

28 ml distilled water and 0.2 ml 1C% ammonium persulphate. The gel

solution was poured into vertical glass tubes (0.5 x 8.0 cm),

overlayed with water and allowed to polymerise for 1 hour. The gels

were then placed in a Shandon disc electrophoresis tank, 0.05M TRIS/

glycine (pH 8.k) was placed in the reservoirs. The sample (0.2 ml

labelled antigen solution) was mixed with a drop of bromophenol blue

and a drop of glycerol and applied to the top of the gels. A current

of 5 mA per gel was applied and electrophoresis was carried out at

4°C until the bromophenol blue band had reached the end of the gel.

(iii) Antiserum Dilution Curve

In order to determine the dilution of antiserum required in the

assay, an antibody dilution experiment was carried out. Tubes were

set up containing 10 jul labelled antigen, 0.2 ml 0.05M KPO^ (pH 7«5)
antiserum from 1/50 to 1/50,000 dilution and variable amounts of non¬

immune. rabbit serum brought the volume in each tube up to 1 ml. The

tubes were mixed and left for two hours to allow the formation of the

antigen-antibody complex. To each tube was added 1 ml of 1^

polyethylene glycol 6000 (PEG) to precipitate the antigen-antibody

complex. The tubes were mixed and spun at 2500 rpm for 20 minutes.

The supernatant was discarded and the radioactivity in the precipitate

was counted. A graph was constructed of the antibody dilution against

the percentage of radioactivity from the labelled antigen which had

been precipitated. The dilution of the antiserum used in the radio¬

immunoassay was one of the dilutions found in the straight line
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region of the graph.

(iv) Radioimmunoassay

The polyacrylamide gel was frozen in liquid nitrogen and

divided into portions (30-^+0). Each portion was placed in a poly¬

styrene tube and to each was added 1 ml of 0.05M KPO^, pH 7.5
containing 1% horse serum. Extraction of the protein from the gel was

carried out overnight. The radioactivity in each tube was measured.

An aliquot (0.1 ml) of each gel extract was placed in separate tubes.

To this was added 0.05 ml antiserum (diluted 1 in 50 with 0.05 KPO^,

pH 7.5) and 0.05 ml of0.05M KPO^, pH 7.5 containing k% of non-immune
rabbit serum. The solutions were mixed and left for 2 hours. To each

tube was added 1 ml 13% PEG. The solutions were mixed and spun down

at 2500 rpm for 20 minutes. The supernatant was discarded and

the radioactivity in the precipitate was measured. Controls were set

up using serum from rabbits which had been immunised with normal
125

control serum and using I labelled control fibroblast medium

extract (MW700 - 10,000). Controls were also set up containing no

antiserum to measure the level of unbound labelled antigen precipitated

by PEG.

(v) Analysis of Peaks

Traces of the percentage counts precipitated in the assay were

compared with those obtained with control antiserum (from rabbits

immunised with normal control samples). When peaks were found with

the CF antisera which were not present with control antiserum, the

gel fractions corresponding to the peaks were assayed in the following

way. To 100 jul of the gel fraction was added 50 yul of antigenic
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material from control and CF patients (undiluted, 1:10 and 1:100

dilutions), followed by 50 jil antiserum (1:50 dilution). If the peak

is a specific reaction to CF antigen, competition will occur between

the labelled and unlabelled CF antigenic material reducing the

percentage radioactivity precipitated, but with the addition of normal

control samples to the assay, no competition will occur and the level

of radioactivity precipitated will remain unchanged.

D - ACTIVITIES OF LYSOSOMAL ENZYMES AMD ALKALINE PHOSPHATASE

IN CULTURED FIBROBLASTS FBQM CF PATIENTS AFTER INCUBATION

WITH TH PROTEIN

(1) PREPARATION OF TAMM-HQRSFALL URINAJRY GLYCOPROTEIN

Tamm-Horsfall urinary glycoprotein was prepared by the method

originally described by Tamm and Horsfall (1952). Urine was collected

from healthy males and females, pooled and stored at ^C. Isolation

of TH was carried out at the same temperature. The pooled urine

was diluted with an equal volume of distilled water, to dissolve

precipitates of phosphates and urates. Sodium chloride was added

to the diluted urine to a concentration of 0.58M. After 2k hours

the supernatant was siphoned off and the precipitate was collected

by centrifugation at 2700 rpm for 20 minutes and was then washed

twice with ice cold 0.58M sodium chloride.

The precipitate was then redissolved in distilled water and

reprecipitated by the addition of sodium chloride to a concentration

of O.58M. After centrifugation at 2700 rpm for 20 minutes, the

final precipitate was collected and resuspended in distilled water.

The sodium chloride was removed by extensive dialysis against

approximately 120 volumes of distilled water for k days. The
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dialysed solution was centrifuged at 7000 rpm for 50 minutes and

the sediment discarded. The supernatant was freeze-dried and the

resulting glycoprotein was made up to a solution of 1 mg/ml with

distilled water and stored at -20°C.

(2) ELECTROPHQRETIC ANALYSIS OF TH PREPARATION

A sample of the TH (0.2 ml) was run on polyacrylamide disc gel

electrophoresis as described on pages 76 and 77* The gels were

stained using Coomassie brilliant blue (0.^ gm in 200 ml 50% methanol

in distilled water and 7% glacial acetic acid) and washed using 7%

(w/v) glacial acetic acid. The gels were then scanned on a Unicam

Spectrophotometer SP500 at a wavelength of 560 nm, chart speed 60 cm/

min and a scan speed of 2 cm/min.

(5) PREPARATION CF FIBROBLASTS FOR ENZYME ASSAYS

Fibroblasts were cultured from skin biopsies taken from CF

patients and normal controls, as described on page 59» until

confluent monolayers were obtained. Tamm-Horsfall urinary glycoprotein

was added to the medium at this stage in concentrations from 100-

250 micrograms TH per ml of medium, for 2k-k8 hours. Cells were

then removed by trypsinisation and centrifuged at 2000 rpm for 5

minutes. The cells were washed twice with PBS and resuspended in

0.2 ml PBS. The cells were then sonicated for four periods of 15

seconds. Controls of each sample containing no TH were treated

similarly.

(*f) ENZYME ASSAYS

For all enzyme assays, ^-methylumbelliferone fluorigenic

conjugates were used as substrates. The enzyme solution consisted
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of fibroblasts sonicated as above. The terminating buffer was 0.1M

diaminoethane, pH 10.5. The fluorescence of the liberated 4—me thy1-

umbelliferone (4MU) was measured on a Perkin-Elmer 204 fluorescence

spectrophotometer with excitator wavelength 3^0 run, analyser wavelength

4-50 nm, selector x 1/10 and sensitivity x 5«

A 4MU standard curve was constructed for each assay and the

enzyme liberate 4MU was measured against this. Enzyme activity was

expressed as moles of methylumbelliferone per cell per hour incubation.

Cell counts were measured on a Coulter Counter.

(i) 4-methylumbelliferone Standard Curve

A solution of 4MU (1mM) was prepared, aliquoted and frozen. This

solution was diluted 1:100 with distilled water before use. The

fluorescence spectrophotometer was calibrated using quinine sulphate

solution (0.4 ug per ml in I^SO^, 0.05M) to set 100% and 0.1M
diaminoethane buffer, pH 10.5 to set zero percent. Solutions from

10 /il to 400 Jul 0.01 M 4MB diluted to 3 ml in diaminoe thane buffer

were used to construct the standard curve.

(ii) Alkaline Phosphatase

Enzyme solution ; sonicated fibroblasts in PBS.

Substrate ; 4-methylumbelliferyl dihydrogen phosphate 5.5 mM

in substrate buffer.

Substrate buffer ; 2-amino-2-methylpropandiol-(1,3)-HCl, 0.2M,

pH 9.3.

Terminating buffer ; diaminoethane, 0.1M, pH 10.5

5 /El of enzyme solution was added to 25 jul of substrate-substrate

buffer solution and 10 /EL of substrate buffer. These were
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mixed and incubated in glass tubes for two hours at 37°C.
The reaction was terminated with diaminoethane and the

fluorescence measured.

(iii) Alpha-glucosidase

Enzyme solution ; sonicated fibroblasts in PBS.

Substrate ; 4-methylumbelliferyl-alpha-D-glucopyranoside,

1mM in substrate buffer.

Substrate buffer ; citrate-phosphate, 0.1M, pH 4.4.

Buffer ; citrate-phosphate, 1.CM, pH 4.4.

Terminating buffer ; diaminoethane, 0.1M, pH 10.5.

5 jil of enzyme solution, 25 hi of substrate substrate-buffer,

5 .hi of citrate phosphate buffer (1.CM) and 15 hi of citrate-

phosphate buffer (0.1M) were mixed and incubated at 37°C
under the same conditions as above.

(iv) Hexosaminidase

Enzyme solution ; sonicated fibroblasts in PBS.

Substrate ; 4-methylumbelliferyl-2-acetoamido-2-deoxy-beta-D

galactopyranoside, 0.264m, in substrate buffer.

Substrate buffer ; citrate-phosphate buffer, 0.05M, pH 5*0.

Terminating buffer ; diaminoethane, 0.1M, pH 10.5.

1 jul of enzyme solution, 25 hi substrate substrate-buffer

solution and 10 hi of citrate-phosphate buffer (0.05M)

pH 5*0, were mixed and incubated at 37°C under the same

conditions as outlined above.
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RESULTS AND DISCUSSION



A - PREPARATION OF ANTIGENIC MATERIAL FROM CF PATIENTS

PREPARATION OF IgG FROM SERUM

(a) Isotachophoresis

Elution profiles of the isotachophoretic separation of serum

are shown in Figure 10. When the isotachophoretic fractions were

tested by rocket Immunoelectrophoresis, IgG was found in several of

the fractions, but only one of these fractions also showed

Proteus vulgaris agglutination activity.

Although this method gave very good separation of serum proteins,

there were so many problems involved in setting up and running the

system, that it was eventually discontinued in favour of affinity

chromatography.

(b) Affinity Chromatography using Sepharose-linked Anti-IgG

After testing by rocket immunoelectrophoresis (plate 1), the

fractions eluted from the commercially prepared agarose-linked anti-

IgG column, it was found that the column adsorbed up to 1 mg of IgG

from the serum samples. Since the IgG range in serum is 7-19 mg/ml,

this column could adsorb 50-100% of the IgG in a 0.1 ml serum sample.

The CNBr activated sepharose anti-IgG column was slightly less

efficient, adsorbing up to 0.6 mg IgG i.e. 32-86% of IgG from a 0.1

ml serum sample.

It was found that the CF samples which had shown Proteus

vulgaris agglutination activity when whole serum samples had been

tested, also showed agglutination when the IgG fraction was tested.

No IgG fraction of control samples showed Proteus vulgaris

agglutination activity, even when this had been present in the whole

serum samples.
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(c) Affinity Chromatography using Sepharose-linked Protein A

An elution profile of the separation of IgG from serum using

Protein A Sepharose ClAB and Sephadex G10 is shown in Figure 11. When

acetic acid was used to elute fraction 2, 79-92% of the IgG was

recovered and since IgG 3 was lost in fraction 1, this represents

up to 100% recovery of IgG 1, 2 and *f. However, it was found that

some of the fractions which had been removed using acetic acid,

no longer showed activity in the Proteus vulgaris assay. 8m urea

recovered only 58% of the bound IgG and showed loss of activity

in the Proteus vulgaris assay. Potassium iodide recovered 68-7^%

of the IgG bound to the column but all the fractions removed with

potassium iodide retained Proteus vulgaris agglutination activity.

The method of choice for the isolation of IgG from CF serum

was therefore, the Sepharose-linked protein A column, the

bound fraction being removed with 2M potassium iodide. This method

could handle the largest volumes of serum efficiently without any

apparent loss of activity.
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FIGURE 10.

Elution profiles from isotachophoretic separation of whole CF serum

using ampholines pH 7-9-

* tubes where both CFF activity and were found.
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PLATE 1

Testing affinity chromatography fractions for IgG by rocket

immunoelectrophoresis.

1- standard human serum (1:10)

2- whole serum

3- whole serum

k- fraction 1

5- fraction 1

6- fraction 2

7- fraction 2

8- standard human serum (1:10)
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FIGURE 11.

Elution profile for the separation of IgG from serum using

protein A Sepharose ClAB and Sephadex G10.

fraction 1- unbound fraction eluted with PBS

fraction 2- bound fraction cluted with 2M KI

fraction J>- IgG1, 2 and b

fraction b- potassium iodide.
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B - TESTING ANTISERA RAISED TO CF ANTIGENIC MATERIAL

(1) IMMDNOPRECIPITATION

The antisera listed in Table 5 were tested at each bleed,

over a period of two years, using immunoprecipitation techniques.

If the antisera from these rabbits contain antibodies to CF specific

proteins, it should be possible, by running the antisera against

CF and normal control samples, to show precipitin lines between

the antisera and CF samples, which are not present between the

antisera and control samples.

Plate 2 shows the results of the analysis of antisera 1-7-

Tolerisation of rabbits 5-7 was never complete and it was necessary

to absorb the antisera from those rabbits. It can be seen from

these plates that there was no consistent difference in reaction,

between control and CF IgG or serum samples, to these antisera.

The absorption of the antisera with normal control serum or IgG

resulted in the disappearance of all the precipitin lines to both

CF and control samples in both rocket immunoelectrophoresis

(Plate 2) and immunodiffusion (Plate 5)- However, immunoprecipitation

techniques are not very sensitive methods for detecting low

concentrations of antibodies, and if the antibodies are in low

enough concentrations, the antibody-antigen complex may not

precipitate. It was felt therefore, that the negative

immunoprecipitation results in these experiments did not exclude

the possibility of antibodies to CF specific proteins existing

in the antisera.
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TABLE 5

ANTISERA FROM RABBITS IMMUNISED WITH CF ANTIGENIC MATERIAL

Rabbit Tolerance CF Antigenic Material

1 - serum

2 - serum

3 IgG

^ IgG

5 NCS serum

6 NCS serum

7 NCS serum

8 FME

9 - FME

10 NCFM FME

11 NCFM FME

12 NCFM FME

NCS - normal control serum

NCFM - normal control fibroblast medium

FME - fibroblast medium extract
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PLATE 2

A - Rocket Immunoelectrophoresis of Antiserum 3

antiserum concentration 5C$>

(a) unabsorbed antiserum

(b) antiserum absorbed with normal control

serum 1:0.5

samples (1C>il) (1) CF

(2) N

B - Rocket Immunoelectrophoresis of Antiserum 6

antiserum concentration

antiserum absorbed with normal control

serum 1:0.2

samples (1Qu1) (1) CF 1 (6) N 3

(2) N 1 (7) CF k

(3) CF 2 (8) N k

W N 2 (9) CF 5

(5) CF 3 (10) N 5

CF - CF serum N - normal control serum

The sample number (i.e. CF 1 ) only applies to any one

particular plate.
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PLATE 5

Double Immunodiffision

A - antiserum 3 unabsorbed (25pl)

samples (25jul) (1) CF 1 W N 1

(2) CF 2 (5) N 2

(3) CF 3 (6) N 3

B - antiserum 3 absorbed with normal control serum 1:0.5 (25>il)

samples (25jil) (1) CF 1 (^t) N 1

(2) CF 2 (5) N 2

(3) CF 3 (6) N 3

C - antiserum 7 absorbed with normal control serum 1:0.2 (25pil)

samples (25jul) (1) CF 1 w N 1

(2) CF 2 (5) N 2

(3) CF 3 (6) N 3

CF - CF serum N - normal control serum
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Plates 4-7 show the results of analysing antisera 8-12. It

can be seen from these plates that three of the antisera - one

from a non-tolerised rabbit (antiserum 8 ) and two from tolerised

rabbits (antisera 11 and 12 ) - consistently showed a precipitin

band with samples of CF fibroblast medium which was absent when

tested with control fibroblast medium. This reaction could be

shown with both unabsorbed and absorbed antisera run at 5C% by

rocket Immunoelectrophoresis. It was also present in absorbed

antisera tested by immunodiffusion, although this system gave less

clearly defined precipitin bands than rocket immunoelectrophoresis.

These results indicate that antisera 8, 11 and 12 contain antibodies

to CF specific proteins.

Traces of this precipitin line were present on occasions

with control samples (Plate6, N3 ) but since the estimated carrier

frequency for the CF gene is-1:20 in Caucasian populations and

since no suitable test for carriers is available, it is possible

that some of the controls used in these experiments are carriers

of the CF gene.
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PLATE k

Rocket Immunoelectrophoresis of Antiserum 8

A - unabsorbed antiserum (5C90

samples (1C)u1) (1) N 1

(2) CF 1

(3) N 2

B - antiserum absorbed with normal control

fibroblast medium 1:0.5 (5CV/o) .

samples (10pl) (1) N 1

(2) CF 1

(3) N 2

N - normal control fibroblast medium

CF - CF fibroblast medium
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PLATE 5

Rocket Immunoelectrophoresis

A - antiserum 11 unabsorbed (50%)

samples (1C^il) (1) N 1

(2) CF 1

(3) N 2

(4) CF 2

(5) N 3

(6) CF 3

(7) CF k

antiserum 12 unabsorbed (5006)

samples (1(^il) (1) N 1

(2) CF 1

(3) N 2

W CF 2

(5) N 3

(6) CF 3
'

(7) CF 4

N - normal control fibroblast medium

CF - CF fibroblast medium
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PLATE 6

Rocket Immunoelectrophoresis

A- antiserum 11 absorbed with control fibroblast

medium 1:0.2 (50^)

samples (1Qu1) (1) N 1

(2) CF 1

(3) N 2

(4) CF 2

(5) N 3

(6) CF 3

(7) N k

(8) CF k

B- antiserum 12 absorbed with control fibroblast

medium 1:0.2 (50^)

samples (iCJul) (1) N 1

(2) CF 1

(3) N 2

(*0 CF 2

(5) N 3

(6) CF 3

(7) N k

(8) CF k

N - normal control fibroblast medium

CF - CF fibroblast medium
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PLATE 7

Double Immunodiffusion

A - antiserum 8 absorbed with normal control

fibroblast medium 1:0.5 (25ul)

samples (25jul) ■CD CF 1

(2) CF 2

(3) CF 3

(4) N 1

(5) N 2

(6) N 3

B - antiserum 11 absorbed with normal control

fibroblast medium 1:0.2 (25jul)

samples (25,/ul) (1) CF 1

(2) CF 2

(3) CF 3

(*0 N 1

(5) N 2

(6) N 3

CF

N

- CF fibroblast medium extract, concentrated four times

- normal control fibroblast medium extract, concentrated

four times.
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(2) IMMUNOFLPORESCENT STUDIES

Plate 8 shows the fibroblasts fron two controls and three CF

patients after reaction with;

(a) antiserum 8 (absorbed 1:0-5 with control fibroblast medium)

(b) antiserum 12 (absorbed 1:0.2 with control fibroblast medium)

followed by reaction with fluorescein-conjugated swine anti-rabbit

serum IgG.

Control samples in which the antiserum had been replaced by

non-immune rabbit serum showed no fluorescence. There was also no

fluorescence in the unfixed cells, presumably because the antibodies

were unable to enter the cells.

The reaction with antiserum 8 and 12 within each sample

appeared to be similar. However, the following differences were

observed between samples :

(A) control sample 1 (Plate 8A) showed some cytoplasmic

fluorescence

(B) control sample 2 (Plate SB) also showed some cytoplasmic

fluorescence

(C) CF sample 1 (Plate 8C) showed brighter cytoplasmic fluorescence

than controls and also showed a bright ring of fluorescence

around the nuclear membrane.

(D) CF sample 2 was similar to CF sample 1 (Plate 8D)

(E) CF sample 3 showed a similar pattern of fluorescence

to the control samples, although it was brighter than the

controls. There did appear to be fluorescence around the

nuclear membrane, but it was difficult to detect in some cells

(Plate 8E).
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There appeared to be differences between the normal control

and CF fibroblasts reaction to the antisera, but the fluorescence

in the control fibroblasts was in some cases bright enough to make

a blind study of the samples difficult. Therefore, although this

technique appeared to indicate that the antisera had some specificity

for the CF fibroblasts, it could not, at this stage, be used as a

definitive test.

1C&



PLATE 8

Immunofluorescence

using fibroblasts from (A) control sample 1

(B) control sample 2

(C) CF sample 1

(D) CF sample 2

(E) CF sample 3

(a) antiserum 8 (b) antiserum 12
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(3) RADIOLABELLING EXPERIMENTS

(a) Specific Activities of Labelled Antigens

The specific activities of the CF fibroblast medium extract

varied from 100 -250 jaCi/ml and the CF and control IgG from

70 -150 /iCi/ml.

(b) Antiserum Dilution Curves

An antiserum dilution curve was carried out for each of the

125
antisera used. Antisera 1-7 were tested against I labelled

125
CF IgG and antisera 8-12 against I labelled CF fibroblast

medium extract ( see Figure 12 ) .

(c) Antisera to Fibroblast Medium Extract

125(i) Polyacrylamide Disc Gel Electrophoresis of I Labelled

Fibroblast Medium Extracts: The controls used for these

125
experiments were I labelled normal control fibroblast medium

extract, (MW 700 - 10,000). Both I125 labelled CF and normal

control fibroblast medium extract were run on polyacrylamide

gels and the radioactivity measured in each portion of the gels

(see Figure 13)•

(ii) Radioimmunoassay : The assay was carried out on all

antisera which had been raised to CF fibroblast medium extract.

Each antiserum was assayed using all the gel fractions from

both labelled CF and normal control fibroblast medium. The

percentage counts precipitated when no antiserum was added to
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the assay was subtracted and the counts for each antiserum were

plotted (Figure 14 a-e).

Only one of the antisera (antiserum 11) showed any

125
significant difference when measured against I labelled CF

and control fibroblast medium extracts (Figure 14 d and e). When

different bleeds of this antiserum were tested, similar resulte

were obtained. Fraction 15 precipitated 5-1Q& more counts in

the labelled CF sample than in the control sample, indicating

that the antiserum had some specificity for CF samples, but at

this level of precipitation the antiserum was too weak to be

usable in a radioimmunoassay system.



FIGURE 12.

Antibody dilution curve

antiserum dilution
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FIGURE 13-

125
Polyacrylamide disc gel electrophoresis of I labelled CF

and normal control fibroblast medium fraction (MW 700-10,000).

gel fraction

(•) CF

(A) control

114



FIGURE 14.

Percentage radioactive counts precipitated with polyethylene
125

glycol, after reacting I labelled CF and control fibroblast

medium extract with antisera raised to fibroblast medium.

(a) Antiserum 8.

Q a?
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(d) Antisera to CF serum and CF IgG

125
(i) Polyacrylamide disc gel electrophoresis of I labelled

125
CF IgG : I labelled CF IgG was run on polyacrylamide

gels and the radioactivity measured in each portion of the gel

( see Figure 15 )•

(ii) Radioimmunoassay : The assay was carried out on all

antisera which had been raised to CF serum and CF IgG. Control

antisera, from rabbits immunised with normal control serum,

were also assayed and plotted against the CF antisera. The

percentage counts precipitated in each gel fraction without the

addition of antiserum was measured and subtracted from the percen¬

tage counts precipitated for each antiserum (Figure 16 a-g).

The traces for the antisera which had been raised in rabbits

tolerised to normal control serum ( antisera 5? 6 and 7) showed

no significant difference to that obtained with the control

antiserum (Figure 16 e-g). All the other antisera showed a

difference of 10-15% in fraction 8. This was the only peak which

was sufficiently greater than the control to attempt competition

analysis.

(iii) Analysis of gel fraction 8 : The gel fraction 8 was

reassayed with the addition of control and CF serum samples

at various dilutions. Gel fractions 3 and 5 were used as controls.

The results from this assay are shown in Figure 17- It can be seen

that the unlabelled CF serum appears to be competing with the

labelled CF IgG in gel fraction 8. When CF serum is added at
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a 1:10 dilution, precipitation is 8% lower than when normal

control serum is added, but the level of precipitation indicates

that the antisera are too weak to be used in a radioimmunoassay

system.
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FIGURE 15-

125
Polyacrylamide disc gel electrophoresis of I labelled

CF IgG-
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FIGURE 16.

Percentage radioactive counts precipitated with polyethylene

glycol, after reacting I labelled CF IgG with antisera

raised to CF serum and CF IgG.

(a) Antiserum 1.

5 10 15 20 25 30

gel fraction

V CP^ro\ 121



(b) Antiserum 2.

gel fraction
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(c) Antiserum J>.

gel fraction
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(e) Antiserum 5-

gel fraction
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(f) Antiserum 6.

gel fraction



(g) Antiserum 7-

gel fraction
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FIGURE 17-

Radioimmunoassay of gel fractions, with the addition of CF and

control serum, at various dilutions to the assay mixture.
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C - ACTIVITIES OF LYSOSOMAL ENZYMES AND ALKALINE PHOSPHATASE IN

CULTURED FIBROBLASTS FROM CF PATIENTS AFTEP INCUBATION WITH TAMM

HORSFALL URINARY GLYCOPROTEIN

(1) Preparation of TH Protein

The yield of TH from urine varied from 20-25 per litre

of urine. Each preparation was run on a polyacrylamide gel and

scanned on a Unicam spectrophotometer SP 500. The trace for each

preparation was similar to that shown in Figure 18.

(2) Alkaline Phosphatase Assay

The results for the alkaline phosphatase assay in two control

and two CF fibroblast cell lines, with no TH and with 100 jig TH

per ml of fibroblast medium for 2k and k8 hours, are given in

Table 6. Each cell line was assayed several times and the results

are given as mean values with standard deviations. The results

for AP activities when 250 jig TH per ml was added to six control

and five CF cell lines for 2k and *f8 hours are given in Table 7.

Mean alkaline phosphatase activities in the absence of TH

are shown for each cell line in Figure 19- It can be seen from

this graph that the range of activities in the control samples is

very wide and that all the CF samples fall within this range.

This is not in agreement with the results of Hosli et al.,(l97&)

who found AP activities of CF samples were up to J>k(f/o above

control samples.

A wide range of activities was also found in different

subcultures of the same cell line, which can be seen form the
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individual results plotted for two cell lines in Figure 20.

When TH was added to the medium, only two of the CF cell lines

(1 and 3) showed any increase in activity. When Student's t-test

was applied to these samples the increase in activity was not

found to be significant. These assay results therefore showed no

significant induction of alkaline phosphatase in fibroblasts

from control or CF patients by TH protein.

(3) Alpha-glucosidase Assay

The results for alpha^glucosidase activities in fibroblast

cultures from five control and five CF patients, with no TH

and with 250 jig TH per ml culture medium, for 2k and ^-8 hours

are shown in Table 8. Mean alpha-glucosidase activities in the

absence of TH are shown for each sample in Figure 21. It can

be seen from this graph that all the CF samples except CF1 lie

within the control range.

The range of activities in different subcultures of the same

cell line was again wide, as can be seen in Figure 22, in which

individual results for two cell lines have been plotted. No

significant change in activity, in CF or control samples, could

be shown on the addition of 250 jig TH for 2k or *f8 hours.

(k) Hexosaminidase Assay

The results for hexosaminidase activities in fibroblast

cultures from five CF and five control patients, with no TH

and with 250 p.g TH per ml culture medium are shown in Table 9-

Mean hexosaminidase activities in the absence of TH are shown

130



for each sample in Figure 23- As with the alpha-glucosidase, all

the CF samples, except CF1, lie within the control range. The

range of activities within each cell line was similar to that

observed in the other enzyme measurements (Figure 2b) and the

increase in activities in CF1 and CF2 was not found to be

significant using Student's t-test.

Hosli et al.,(l976) had found using ultramicrochemical methods,

that AP levels in CF fibroblasts were up to 3btf/o above the AP levels

in normal control fibroblasts, but they found wide fluctuations

between different CF cell strains and between different subcultures

of the same cell line. They also found on addition of TH for bS

or 96 hours, that the level of AP in CF fibroblast cultures was

significantly higher than the AP level in non-induced CF cultures

and up to 50C^ above the level in similarily treated control

fibroblasts.

In the present experiments, the AP levels were found to vary

considerably between samples and within subcultures of the same

sample, but all the AP activities in CF fibroblasts fell within

the range of activities found in the control fibroblasts.

Alpha-glucosidase and hexosaminidase activities in CF

fibroblasts were also found to lie within the control range,

except for one CF sample which, in both enzyme assays, was about

20CP/o above the control range. These alpha-glucosidase activities

in CF fibroblasts appear to be in agreement with those of Hosli

et al.,(1976) who found two levels of alpha-glucosidase activity

in CF fibroblasts, those from clinically severe patients being
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220 % above controls. Hosli and Vogt (1977) found hexosaminidase

in CF fibroblasts was 53-58% of the activity found in control

fibroblasts and that the intracellular activities of both enzymes

decreased after TH induction. In these experiments, however,

no significant change in the activity of these enzymes was found

after incubation of the fibroblasts with TH.
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FIGURE 18.

Polyacrylamide gel of TH preparation.

gel frartion
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TABLE
6

ALKALINE
PHOSPHATASE

(MOLES"12
/

CELL
/

HR)
IN

CULTURED
SKIN

FIBROBLASTS
FROM
CF

PATIENTS
AND

<p

CONTROLS
WITH
AND

WITHOUT
THE

ADDITION
OF
TH

(100

ng/ml).
RESULTS
ARE

GIVEN
AS

MEAN

ACTIVITY

t

STANDARD
DEVIATICN.

(

)

number
of

times
each

sample
was

assayed

Sample

No,
TH

TH

for
24

hours

TH

for
48

hours

CF1

w

2.36
+

1.69

(3)

17,44
+

20.5

(3)

2.20
+

2.56

CF2

w

0.45
+

0.29

(3)

•

1.15
+

1.34

(3)

0.49
+

0.23

control
1

w

0.48
+

0.25

(3)

0.82
+

0.43

(3)

1.55
+

1.25

control
2

w

1.74
+

1.67

(3)

1.53
+

1.03

(3)

1.72
+

0.88



TABLE
7

ALKALINE
PHOSPHATASE

(MOLES'12
/

CELL
/

HR)
IN

CULTURED
SKIN

FIBROBLASTS
FROM
CF

PATIENTS

AND

CONTROLS
WITH
AND

WITHOUT
THE

ADDITION
CF
TH

(250

Wml).
RESULTS
ARE

GIVEN
AS

MEAN

ACTIVITY
-

STANDARD
DEVIATION.

(

)

number
of

times
each

sample
was

assayed

Sample

No.
TH

TH

for
24

hours

TH

for
48

hours

LT\(A

CF1

(8)

2.36
+

1.69

(5)

5.44
-

7.39

(4)

8.24
+

5.62

CF2

(3)

0.45
+

0.29

(3)

0.55
-

0.36

(3)

0.28
+

0.11

CF3

(6)

1.59
+

1.28

(4)

10.05
-15.16

(4)

1.60
+

1.45

CF4

(3)

0.25
+

0.85

(3)

0.23
-

o.o4

(2)

0.19
+

0.08

CF5

(6)

0.92
+

0.33

(3)

1.4o
i

0.36

(3)

0.95
+

0.07

control
1

(4)

0.48
+

0.25

(4)

0.48
~

0.35

(3)

0.97
+

0.48

control
2

(7)

1.74
+

1.67

(6)

3.15
i

4.5

(6)

1.25
+

0.95

control
3

(3)

0.42
+

0.21

(4)

0.37
-

0.18

(2)

0.36
+

0.19

control
4

(3)

1.2
+

0.07

(3)

1.45
i

0.49

-

control
5

(2)

7.2
+

9.24

(2)

8.25
i

9.55

control
6

(4)

8.76
+

2.18

(4)

7.43
+

2.62



FIGURE 19-

-12
Mean alkaline phosphatase activities (Moles /cell/hr) in

the absence of TH.
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FIGURE 20.

Alkaline phosphatase activity- individual results for two

samples, with and without the addition of TH (25Qhg/m-0 •
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TABLE
8

Sample

ALFHA-GLUCQSIDASE
(MOLES"12
/

CELL
/

HR)
IN

SKIN

FIBROBLASTS
FROM
CF

PATIENTS
AND

CONTROLS,

WITH
AND

WITHOUT
THE

ADDITION
OF
TH

(250

>Wml).
RESULTS
ARE

GIVEN
AS

MEAN

ACTIVITY
t

STANDARD
DEVIATION.

(

)

number
of

times
each

sample
was

assayed

No.
TH

TH

for
2k

hours

TH

for
k8

hours

OO

CF1

(5)

10.25
+

7.55

(6)

11.30
+

5.13

(k)

9.00
+

6.79

CF2

(k)

^.30
+

1.63

(k)

3.68
+

0.82

(3)

k.76
+

1.89

CF3

(8)

k.5k
+

1.98

(3)

5.35
+

3.76

W

2.90
+

1.35

CFk

(3)

2.2k
+

0.90

(3)

3.17
+

0.68

-

CF5

(7)

3.2k
+

0.6k

Cf)

^.79
+

2.̂3

(3)

3.03
+

1.95

control
1

(̂)

2.85
+

0.28

(k)

2.60
+

1.52

(3)

1.85
+

0.62

control
2

(5)

5.79
+

3.25

(7)

k.12
+

1.13

(5)

2.95
+

0.86

control
3

(k)

2.0^
+

1.32

(k)

1.85
+

1

.k8

-

control
k

(3)

2.23
+

1.̂+5

(2)

2.65
+m*

1.56

(2)

2.55
+

1.32

control
5

(2)

2.28
+«•>

1.95

(2)

3.68
+

k.33



FIGURE 21.

—12
Mean alpha-glucosidase activities (Moles /cell/hr) in

the absence of TH.
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FIGURE 22.

Alpha-glucosidase activity- individual results for two samples,

with and without the addition of TH (25fyig/ml).
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TABLE
9

HEXOSAMINIDASE
ACTIVITY

(MOLES"12
/

GELL
/

HR)
IN

SKIN

FIBROBLASTS
FROM
CF

PATIENTS
AND

CONTROLS,

WITH
AND

WITHOUT
THE

ADDITION
OF
TH

(250

jug/ml).
RESULTS
ARE

GIVEN
AS

MEAN

ACTIVITY
-

STANDARD

DEVIATION.
(

)

number
of

times
each

sample
was

assayed

Sample

No.
TH

TH

for
2k

hours

TH

for
*l8

hours

-4-

CF1

(5)

6^.82
+

26.2k
(5)

88.69
+

67.81

(3)

127.65
+

122.̂7

CF2

(3)

29.28
+

15.52
(2)

57.73
+

33.36

(2)

22.50
+

2.55

CF3

(8)

20.27
+

6.96

(k)

25.80
+

12.9*i

(*1)

17.75
+

7.72

CF*f

(3)

13.7*1
+

3.82

(3)

17.3*1
+

2.29

-

CF5

(7)

19.26
+

*1.07
(3)

20.09
+

7.87

(3)

16.95
+

13.65

control
1

(3)

27.75
+

10.5*1
(3)

25.7*1
+

7.01

(2)

29.70
+

11.58

control
2

(6)

29-39
+

8.39
(k)

29.25
+

5.81

(3)

16.90
+

9.25

control
3

(3)

15.8*1
+

5.90

(3)

19.75
+

12.09

-

control
k

(3)

19.53
+

0.25

(2)

28.75
+

3.89

(2)

26.01
+

5.32

control
5

(3)

17.3
+

*1.81

(3)

29.30
+

1^.1^



FIGURE 23.

-12
Mean hexosaminidase activities (Moles /cell/hr) in the

abscence of TH.
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FIGURE 2k.

Hexosaminidase activity- individual results for two samples,

with and without the addition of TH (259ug/ml).
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CONCLUSIONS



Although cystic fibrosis of the pancreas (CF) is the most

common serious Mendelian disorder found in North European populations,

its molecular pathology remains obscure. The clinical diagnosis

of CF depends on physiological tests which are complex and imperfect.

A number of biological assays for the presence of the CF gene have

been described, but all suffer from uncontrollable fluctuations

and none is sufficiently reliable to have been accepted in general

usage. For these reasons, it was the objective of this study to

attempt to produce quantitative biochemical methods which would

assist in the detection of individuals homozygous and heterozygous

for the CF gene.

Attempts were made to produce an antiserum specific for CFF,

a substance shown to be present in the serum and fibroblast medium

from CF patients and obligate heterozygotes. Three preparations

which have been shown to contain CFF ( as described in the

introduction) - whole CF serum, IgG fraction of CF serum ( prepared

by the use of Sepharose-linked protein A) and CF fibroblast medium

fraction with MW 700- 10000 - were used as antigenic material.

The CFF was not purified further as,

(a) unconjugated CFF is a low MW protein and therefore, may not

have antigenic properties, but in serum it is associated

with IgG which should act as a carrier molecule in antiserum

production;

(b) procedures described for the isolation of CFF involve the use

of DEAE cellulse chromatography and guanidinium chloride which

may affect the antigenic properties of CFF and

(c) no reliable system was available to follow the activity of CFF

during purification.
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The rabbits used in these experiments were both normal adults

and rabbits neonatally tolerised to CF serum and fibroblast medium.

It was expected that the tolerised rabbits would give better results

than the normal rabbits, since in all the antigenic preparations

used, CFF is a minor component and if antibodies were produced to

OFF their presence may be masked by the other antibodies. Rabbits

which had been tolerised with control fibroblast medium gave

indications in both immunoprecipitation and radiolabelling experiments

of producing a stronger antiserum than the non-tolerised rabbits.

However, tolerisation was never complete and broke down fairly

rapidly ( within 8 weeks ), if therefore, a more efficient

tolerisation procedure could be developed, a stronger antiserum may

be produced using fibroblast medium.

However, the antisera from rabbits tolerised with normal

control serum and injected with CF serum, produced after absorption,

no reaction with CF serum in either immunoprecipitation or

radiolabelling experiments. This could be due to (a) a failure to

produce completely tolerant animals (b) early breakdown of

tolerance or (c) the possibility that the animals may have been

tolerised with heterozygous serum, since no reliable assay was

available to test for carriers of the CF gene.

The antisera produced were tested by three different methods.

Immunoprecipitation techniques indicated that three of the antisera

produced to fibroblast medium - two from tolerised rabbits and one

from a non-tolerised rabbit - were specific for CF samples. This

could only be shown however, when using the antiserum at 5&/°

concentration, under which conditions the technique is not highly

reproducible and also uses large quantities of antiserum.
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Similar results were obtained for these antisera using

immunoflourescent techniques. However, the main disadvantage in this

case was that the background fluorescence in the control samples made

it difficult, in some cases to differentiate between CF and control

samples.

Hadiolabelling experiments indicated that the antisera to CF

serum, IgG and fibroblast medium had some specificity for the CF

samples, but all the antisera were too weak to obtain a sufficient

level of precipitation for use in a radioimmunoassay.

All the above systems have disadvantages which as they stand

make them unsuitable for routine detection of CF. The major problem

seems to be the weakness of the antisera.Thus, if a method could be

perfected for fractionation and concentration of the antisera or

for the production of stronger antiserum, by improving the tolerisa-

tion procedure,

(a) a lower concentration could be used in the immunoprecipitation

system, eliminating some of the problems caused by the 50^

solution;

( b) the background fluorescence in normal controls in the

immunofluorescence system should be lowered while, at the same

time, the specific reaction with the CF fibroblasts should

be intensified and

(c) in the radiolabelling experiments, the use of a more concentrated

antiserum should increase the precipitation reaction to a level

suitable for a radioimmunoassay system.

Despite the fact that the various antisera produced during the

course of the work proved too weak for the development of practical

assays for the CF gene, sufficient evidence was obtained of
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antibodies specific to CFF to validate the general approach. It

seems reasonable to assume that the use of fibroblast medium

as antigen, neonatally tolerised rabbits as a source of antiserum

and radiolabelling techniques as a testing system will eventually

yield an assay for the quantitative estimation of OFF.

As an alternative to the use of a protein antigen in an

immunological assay, various enzyme activities have also been

studied. Hdsli et al., (1976) looked at the induction of alkaline

phosphatase with TH protein, using ultramicrochemical techniques,

and claimed a substantial increase in the levels of induced and

uninduced CF fibroblasts as compared with controls - a difference

which they claimed could be used for prenatal diagnosis. They

also found differences in the levels of several lysosomal enzymes

( Hosli and Vogt, 1977)-

In the present study induced and uninduced levels of

alkaline phosphatase, alpha-glucosidase and hexosaminidase were

examined. In only one CF cell line did the activities of the

latter two enzymes fall outside the control values. No significant

difference could be detected in either induced or uninduced levels

of alkaline phosphatase in either CF or control cell lines.

The reason for the vast discrepancy in results is not known.

It could be explained by the difference in experimental techniques

used, but it was felt that differences of the level observed by

Hosli et al.,(l9?6)should be detectable without the use of

ultramicrochemical techniques. However, none of the enzyme activities

measured in these experiments, in the absence or presence of TH,

1^-7



could distinguish between CF or control fibroblasts and as such

could offer no possibility of heterozygote detection or prenatal

diagnosis.
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faat, this relatively narrow weight band
which Frisoh has identified as being asso¬
ciated with most female mcnarches.—Ed.,
B.M.J.

1 Frisch, R. E., Revelle, R., and Cook, S., Science,
1971, 174, 1148.

2 Frisch, R. E., in Control of the Onset of Puberty,
ed. M. M. Grumbach, G. D. Grave, and F. E.
Mayer. New York, Wiley, 1974.

Sir,—Certain statements in your leading
article on this subject (12 April, p. 52) may
be misleading and require clarification. We
believe that on the evidence presented it
should not be concluded Chat a weight-
dependent differential response to luteinizing
hormone, follicle-stimulating hormone, re¬
leasing hormone (L.'H./F.S.H./iR.H.) exists
wihich will distinguish anorectics from other
women of similar weight with secondary
"functional" amenorrhoea.

You state that "it has been found that the
hormonal responses to L.H./F.S.H./R.H.
are particularly dependent on body weight.
Wihen patients treated with normal diet (but
not ambulant) were studied it became clear
that there is a weight threshold of close to
45 kg. Below this weight gonadotrophic re¬
sponses to the releasing hormone were re¬
stricted. . . ." It is important to appreciate
that Che reference quoted1 referred not to
normal patients but to patients with anorexia
nervosa. We could find no comment about
the weights of normal patients investigated
by Besser et al.' Nor was reference made
to any comparable study of normal patients
who were below 45 kg body weight.

Your article goes on to say chat "Other
workers,3 2 however, studying anorectic
patients but using twice the amount of re¬

leasing hormone (100 pg instead of 50 jug)
as a stimulus found that pituitary respon-
sivity was adequate. Apparently the pituitary
is capable of releasing L.H. and F.S.H. at
low weights but it requires a greater
stimulus." Though this may be true, in our
opinion the references quoted in support of
this view have been misinterpreted. In the
paper by Mortimer el a I.* an adequate re¬
sponse obtained by administering various
doses of L.H./F.S.H./RjEjL to nortml
patients was reported but we could find no
mention of the effect in anorexia nervosa
nor of ithe patients' body weights. In the
paper by Mortimer et al.' an adequate re¬
sponse to 100 pg of L.H./F.S.H./R.H. was
demonstrated in 11 out of 13 anorectics, but
again they made no mention of .the patients'
body weights. While these patients may have
weighed less than 45 kg, we feel Chat this is
an unjustifiable assumption. It should not be
assumed that anorectic patients of low body
weight would necessarily respond to a

100-p,g dose of L.H./F.S.H./R.H.
Furthermore, Akande et al.,' whose work

is quoted, studied the effect of 25-100 pg of
L.If./F.S.H./R.H. in eiglht amenorrhoic
women whose weights were not stated. If, as
seems likely, body weight is an important
factor in determining ithe response to
L.H./F.S.H./R.H. it is possible chat
low-weight patients with "functional"
amenorirhoea may also have a poor response
to a 50-pg dose of L.H./F.S.H./R.H.—We
are, etc.,

B. Alderman
Michael Burke

Department of Obstetrics and Gynaecology,
University of Liverpool

1 Palmer, R. L.. et al., British Medical Journal,
1975, 1, 179.

2 Besser, G. M., et al., British Medical Journal,
1972, 3, 267.

3 Mortimer, C. H., et al., British Medical Journal,
1973, 4, 73.

4 Akande, E. O., et al.. Lancet, 1972, 2, 112.

Serum ^-Fetoprotein in Cystic Fibrosis

Sir,—The recent article by Professor R. K.
Chandra and his colleagues (29 March, p.
714) concerning elevated levels of «-feto¬
protein (AFP) in the serum of patients with
cystic fibrosis and their relatives is of great
interest. Over the past 12 months we have
examined by both counterimmunoelectro-
phoresis and radioimmunoassay sera from
(a) 37 patients with cystic fibrosis (age 6
months to 17 years), (b) 10 of their siblings,
and (c) 24 of 'their parents for the presence
of raised serum levels of AFP. The controls
included sera from adults and children
without a history of cystic fibrosis as well as
sera from 62 patients with a variety of
hepatic diseases, including hepatoma,
jaundice, and hepatitis.

The accompanying table gives a summary
of our findings and shows that by counter-
iminunoeleotrophoresis we were unable to
detect an increased serum concentration of
AFP in any of the cystic fibrosis patients or
their relatives. The limit of detection of

Serum AFP

Counterimmuno¬ Radio¬
electrophoresis immunoassay

No. No. Median
Exam¬ Detec¬ Exam¬ values
ined tion ined (pg/1)

Patients with
cystic fibrosis 37 0 24 10

Heterozygoles 24 o 9 10
Siblings 10 0 2 10
Positive controls 62 8 62 >128
Negative controls 30 0 15 10

AFP by counterimmunoelectrophoresis in
our laboratory is about 100 jug/1. The
majority of the positive control patients with
hepatoma who liad serum AFP concentra¬
tions above 128 jug/1 gave a positive AFP
immunoprecipitin line by the counter-
immunoeleotrophoretic method, but no such
immunoprecipitin lines were delectable in
any of the .sera from the cystic fibrosis
patients. In addition, the results from the
radioimmunoassay method showed that all
of ithe cystic fibrosis patients and their rela¬
tives had normal concentrations of AFP in
their serum. The median values obtained for
serum AFP concentrations by radio¬
immunoassay in all 'the cystic fibrosis
patients and their relatives whom we tested
was 10 jug/1. The upper limit of the normal
value of serum AFP concentration is 25 jug/1.
—We are, etc.,

J. C. Wallwork
H. McFarlane

Department of Medical Biochemistry,
University of Manchester Medical School,
Manchester

Susan Hingley
A. Milford Ward

Immunology Seotion,
University of Sheffield,
Sheffield

Sir,—Dr. R. K. Chandra and his colleagues
(29 March, p. 714) report values of serum
a-fetoprotein (AFP) whioh were greatly
elevated in children with cystic fibrosis of

british medical journai 17 may 1975 f
the pancreas (56-8825 jug/1; normal range »
5-25 ju.g/1). They also found no overlap
between the serum AFP levels of the parents
(25-568 jug/d), who are presumed heterozy- !
gotes, and those of healthy controls. This
suggests a promising new method of diag¬
nosing the disorder and even identifying
those at risk of having affected children.

We have not been able to confirm these
findings. Using a double antibody radio¬
immunoassay1 we found the mean serum
AFP for seven children with cystic fibrosis
to be little different from that of controls
(see table), while all seven values fell within
the normal range for this series and also for
those of Dr. Chandra and his colleagues and
of Ruoslahti and Seppala.3 We are unable to

No. of
Subjects

Serum AFP (ng/I)

Range
Mean and

S.D.

Cystic fibrosis
Controls

7
10

2 0-9 25
3 4-18 0

6 3 ±2 5
8-2 ±5 2

explain this discrepancy, for, though Die
assay used by Dr. Ghandta and his col¬
leagues is inadequately described, they
appear to be using the same rabbit anti¬
serum and standards as ourselves.—We are,
etc.,

D. J. H. Brock
J. c. Manson

J. A. Raeburn
University Department of Human Genetics,
Western General Hospital,

A. E. Bolton
M.R.C. Radioimmunoassay Team,
Forrest Road,

W. M. McCrae
Royal Hospital for Sick Children,
Edinburgh

1 Brock, D. J. H., Bolton, A. E., and Scrimgeour,
J. B., Lancet, 1974, 1, 767.

2 Ruosiahti, E., and Seppala, M., Nature, 1972,
235, 161.

Sir,—The report by Professor R. K.
Chandra and others (29 March, p. 714)
makes very interesting reading, I would like
to confirm their findings and support the
hypothesis they are proposing. In seven
patients considered to have cystic fibrosis
on the basis of a sweat chloride level above
65 mmol/1 the mean serum a-fetoproteia
(AFP) level was 1825 (range 130-2360) gg/l,
The corresponding level in the parents was
433 (range 80-1055) jug/1. Three out of 11
siblings showed elevation of AFP concentra¬
tion, the figures being 840, 1365, and 1980
jug/1 respectively.

There are three additional points to be
made. Drug therapy given to these patients
may have a subtle hepatotoxic influence,
thereby causing a rise in AFP levels. The
severity of the disease does not influence the
degree of elevation. There is a correspond¬
ing rise in carcinoembryonic antigen levels
also, but the latter is related to the degree
of tissue damage and results from the sero-
cross-reaotivity between mucus-producing
respiratory mucosa and fetal tissues.

If confirmed by other workers, these data
would have considerable relevance to genetic
counselling and primary prevention of the
disease.—I am, etc.,

J. A. Smith
Bronx, New York
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Summary

Serum alphafetoprotein concentrations were measured by three different
types of radioimmunoassay in 30 patients with cystic fibrosis of the pancreas
and in 55 controls. The highest value obtained in a cystic patient was 10.2 ng/
ml and in a control 10.8 ng/ml. These are within published normal limits. Pre¬
viously reported large increases in serum AFP in patients with cystic fibrosis
and in heterozygote carriers have not been confirmed.

Introduction

Elevated serum alphafetoprotein (AFP) concentrations have been reported in
patients with cystic fibrosis of the pancreas and in symptomless heterozygotes
for a single dose of the cystic fibrosis gene [1], These findings have not been
confirmed in other studies [2—5]. Nonetheless the AFP values reported by
Chandra and colleagues [1] were so striking and the implications for both diag¬
nosis and heterozygote detection so important that we felt it worthwhile
re-examining the claim using a variety of AFP assay techniques.

Materials and methods

Serum samples from 30 patients with cystic fibrosis of the pancreas, and 55
controls were assayed for AFP concentrations. Controls were healthy labora¬
tory personnel and may have included some heterozygotes for cystic fibrosis.
Serum samples were assayed fresh or after several months in frozen storage.
Previous studies have shown that AFP is completely stable to frozen storage
[6],

* To whom correspondence should be addressed.
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AFP was assayed by radioimmunoassay using three methods, which differed
in the antiserum used and the technique of precipitation of the antigen-
antibody complex.

(1) Second antibody method. In this procedure the antigen-antibody com¬
plex was precipitated with a second antibody directed against the primary anti-
AFP. The first antibody was pool 1 of a commercial rabbit anti-AFP (Behring-
werke) and the precipitating antiserum a commercial donkey anti-rabbit (Well¬
come). The method has been described in detail [7].

(2) Polyethylene glycol method. In this procedure polyethylene glycol 6000
(BDH) was used to precipitate the complex. The antiserum was pool 2 of a
commercial rabbit anti-AFP (Behringwerke). The method has been described
elsewhere [8].

(3) Solid-phase method. In this procedure a commercial anti-AFP (Dako-
patts) was insolubilised through linkage to a sepharose matrix [9], Reaction
tubes contained 0.02 ml of plasma, 0.05 ml sepharose-linked anti-AFP (diluted
1/64 in 0.05 M potassium phosphate buffer (pH 7.5) containing 2% Wellcome
inactivated horse serum and 1% Tween-20) and 0.2 ng 12SI-labelled AFP (spe¬
cific activity 0.5 pCi/pg) in a final volume of 0.120 ml: Tubes were vigorously
shaken overnight. Thereafter 3 ml 0.05 M potassium phosphate buffer (pH 7.5)
containing 2% horse serum and 1% Tween-20 was added to each tube, the mix¬
ture centrifuged, the supernatants decanted and the precipitates counted.

Results

The sensitivity limits for serum AFP of the three assays used were: (1) sec¬
ond antibody method 4 ng/ml, (2) polyethylene glycol method 14 ng/ml and
(3) solid-phase method 20 ng/ml. None of the cystic fibrosis or control samples
registered positive values in either the polyethylene glycol or solid-phase assay
and therefore all samples were regarded as having AFP values of less than 14
ng/ml. With the second antibody method 15 of the 30 cystic samples had AFP
concentrations less than 4 ng/ml, while the remainder ranged from 4.0 to 10.2
ng/ml with a median of 4.6 ng/ml. Among the 55 controls 20 had AFP concen¬
trations less than 4 ng/ml while the remainder ranged from 4.0 to 10.8 ng/ml
with a median of 5.6 ng/ml. Since radioimmunoassay loses precision near its
sensitivity limit, statistical tests of the significance of the apparent small differ¬
ence did not seem warranted.

Discussion

Using three different radioimmunoassay procedures we have been unable to
detect any increase in serum AFP concentration in 30 patients with cystic
fibrosis of the pancreas. All values fell within previously published normal
ranges [1-5], as did those of the 55 normal controls tested. This obviated the
necessity of age matching patients and controls and of excluding possible cystic
fibrosis heterozygotes from the control group.

Though the sensitivity limits of the assays used here were not really adequate
for the AFP concentrations encountered, the assays were designed for optimum
measurement of the concentrations recorded by Chandra et al. [1], They
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showed a mean serum AFP concentration in cystic fibrosis patients of 690 ng/
ml (range 56—8825 ng/ml) and a mean of 178 ng/ml in heterozygotes (range
25—568 ng/ml).

We are puzzled at the discrepancy between the results reported here and
those of Chandra et al. Accurate radioimmunoassay is of course highly depen¬
dent on the availability of a monospecific antiserum directed against the pro¬
tein in question [10]. The three pools of antisera used in this study were all
exhaustively tested by crossed Immunoelectrophoresis against serum protein
and reacted uniquely with AFP. The antigen used for preparation of radio-
labelled tracer gave a single band on SDS gel electrophoresis. All three assays
performed well over a period of a year in a nationally organised quality control
scheme. Though two of the three assays would not discriminate between AFP
and homologous anti-AFP, the polyethylene glycol assay would not register
auto-antibodies as excess AFP. Since the three assays showed serum AFP to be
within the same range in all samples, this argues strongly against the presence of
circulating anti-AFP antibodies in the cystic patients. We are therefore forced
to the conclusion that the important claim made by Chandra et al. [1] is erron¬
eous.
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