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Circulating organ-specific autoantibodies are
serological markers of destruction or impairment of
the relevant endocrine tissue cells and may be
associated with abnormal hormone levels with or
without clinical evidence of overt disease. We sought
organ-specific cardiac antibodies in patients with
autoimmune polyendocrinopathy because of
increasing evidence that the heart has endocrine
characteristics (secretion of atrial natriuretic peptide
[ANP] and other peptide hormones). Serum
samples from 166 patients with polyendocrinopathy,
80 with autoimmunity confined to one gland, and
200 healthy blood donors were tested for these
antibodies by means of immunofluorescence on
human heart. Skeletal muscle was used to identify
cross-reacting antibodies. Organ-specific cardiac
antibodies were detected in significantly more of the
patients with autoimmune polyendocrinopathy (28
[17%]) than of those with autoimmunity confined to
one gland (1 [1%]) or of normal subjects (7 [3-5%];
p=0-0001). Among the patients with autoimmune
polyendocrinopathy, the prevalence of systemic
hypertension was higher in those with cardiac
autoantibodies thanin those without (5/28 [18%] vs
2/80 [3%]; p=0-01); the same was true for a family
history of hypertension (11 [42%] vs 5 [7%];
p=0-0001). There were no significant differences in
mean basal or stimulated ANP concentrations
between patients with or without antibodies or
between patients and controls. 5 of the 22 antibody-
positive patients had ANP concentrations outside
the normal range, but these disturbances were not

associated with systemic hypertension or a family
history of the disorder. Patients with autoimmune
polyendocrinopathy can have organ-specific cardiac
antibodies, which may represent novel serological
markers for an autoimmune form of systemic
hypertension in the absence of overt cardiac disease.

Lancet 1991; 337: 1111-15.

Introduction

Organ-specific autoimmunity largely affects endocrine
organs and, in genetically predisposed individuals,
autoimmune endocrine disorders tend to group together.'
Patients with autoimmune polyendocrinopathy have many
organ-specific autoantibodies, which are serological
markers of damage or destruction of the corresponding
endocrine cells. Their detection may precede the onset of
overt disease by several years or be associated with abnormal
hormone levels with or without apparent Cclinical
manifestations.!?

The heart seems to have endocrine-like functions—there
is active synthesis and secretion of atrial natriuretic peptide
(ANP), primarily by atrial myocytes.’ We have found
“organ-specific” cardiac autoantibodies in patients with
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dilated cardiomyopathy, a disorder suspected to be
autoimmune and characterised by chronic heart failure.®

The detection of “organ-specific” cardiac antibodies in
polyendocrinopathic  patients without overt heart
dysfunction might suggest a role for these antibodies as early
markers of cardiovascular disease. We have studied the
prevalence of organ-specific cardiac antibodies in a group of
such patients, in patients with only one autoimmune
endocrinopathy, and in normal subjects. We carried out
detailed cardiovascular assessment to search for subclinical
heart dysfunctdon and/or positive family history of
cardiovascular disease in the polyendocrinopathic patients.
Plasma concentrations of the putative cardiac hormone,
ANP, were also measured.

Patients and methods

Serum samples were obtained from 166 patents with
polyendocrine autoimmune disease, 53 with autoimmune thyroid
disease only, and 27 with insulin-dependent diabetes mellitus
(IDDM) of recent onset, apparently not complicated by other
endocrine abnormalities. Samples from 200 blood donors served as
controls for the indirect immunofluorescence studies.

The mean (SD) age of the autoimmune polyendocrinopathy
patients was 45 (15) years; the 115 women and 51 men all lived in
southern England. Their serum samples were tested at the
autoimmune serology laboratory at the Middlesex Hospital,
London, between Jan 1, 1976, and Jan 1, 1987, and various
organ-specific autoantibodies were detected. Detailed personal and
family histories, as well as clinical information, were initially
obtained from a questionnaire completed by their doctors (general
practitioners or consultants). Clinical classification of endocrine/
organ-specific disease was based on the diagnosis given by the
referring physician. All 166 polyendocrine patients had at least two
glands and/or tssues (ie, stomach) affected clinically by organ-
specific autoimmune disease and/or had circulating autoantibodies
to the relevant organ.”

The distribution of the clinical and serological autoimmune
manifestations in different organs among these patents is shown in
fig 1. The autoimmune diseases affecting these patients included
thyrotoxicosis (in 28), primary myxoedema (41), Hashimoto’s
thyroiditis (11), pernicious anaemia (18), IDDM (56), Addison’s
disease (19), idiopathic amenorrhoea (2), and vitiligo (15). Organ-
specific antibodies included antibodies to islet cell (142), gastric
parietal cell (116), pituitary (4), adrenal (40), thyroglobulin (75),and
thyroid microsomes (130). 23% of these patients were positive for at
least two autoantibodies but did not have any clinically overt
autoimmune disease (fig 1).

The mean age of the 51 women and 2 men with clinical and/or
serological autoimmune thyroid disease was 45 (18) years. 5 had
thyroid antibodies but no clinical disease, 16 had thyrotoxicosis, 22
primary myxoedema, and 10 Hashimoto’s thyroiditis. All had
antibodies to thyroglobulin (51) and/or thyroid microsomes (53). 15
patients also had gastric parietal cell antibodies. The patients with
recent-onset IDDM had a mean age of 21 (9) years; they were all
male. They entered the study within 1 year of diagnosis; 21 had islet
cell antibodies. The 200 healthy blood donors had a mean age of 35
(11) years; there were 109 women and 91 men.

For detection of cardiac autoantbodies serum samples were
initially tested by indirect immunofluorescence at 1/10 dilution on
4 pm unfixed fresh frozen cryostat sections of blood group O
normal human atrium, ventricle, and skeletal muscle.® All positive
samples were titrated to endpoint on cardiac sections. As internal
control for assay detection limit, two samples were chosen as
standard positive and negative controls and titrated in every assay.
The intensity of immunofluorescence of the positive standard at
1/40 dilution was used as the threshold of positivity. All samples
tested at 1/10 dilution were read against these standards by two
independent observers unaware of the clinical details. An additional
control serum was tested to assess reproducibility.® Endpoint titres
for this serum were between 1/40 and 1/80 in 14 of 15 assays.
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Fig 1—Distribution of clinical and serological organ-specific
autoimmune manifestations in polyendocrinopathic patients.
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For the detection of other organ-specific antibodies standard
indirect immunofluorescence methods and haemagglutination
assay (for thyroid microsomal and thyroglobulin antibodies) were
used.’

We contacted all 166 polyendocrinopathic patients included in
the cardiac autoantibody screening. The 28 patients with organ-
specific cardiac antibodies and 80 of the 118 without these
antibodies consented to undergo detailed medical history and
clinical evaluation by at least two of us and were recruited for the
clinical association study. The cardiovascular assessment included:
personal and family history of cardiovascular disease, including
systemic hypertension (blood pressure above 150/90 mm Hg),
coronary artery disease symptoms, and family history of these
disorders in first and second degree relatives; clinical evaluation
with blood pressure measurement; 12 lead electrocardiogram; chest
radiograph and/or two-dimensional echocardiographic and doppler
evaluation by conventional protocols.

Basal (after 10 min standing) and stimulated (after 20 min supine
with leg-raising) plasma ANP concentrations were measured by
standard radioimmunoassay® in 22 consecutive patients with
organ-specific  cardiac  antibody, 20 antibody-negative
polyendocrinopathic patients matched for age and disease, and 22
healthy controls matched for age and sex. Blood was collected and
centrifuged immediately at 4°C; plasma was stored at —20°C. ANP
was extracted by passage of 3 ml plasma through a preactivated
‘Sep-Pak Cl18 cartridge (Waters Associates, Milford,
Massachusetts, USA) and eluted with a mixture of acetonitrile and
water (60/40 by volume). The solvent was evaporated in a
centrifugal drier. The ANP was resuspended in 1 ml assay buffer
and assayed with ANP antibody (Peninsula Laboratories, St
Helens, UK) and ANP tracer (Amersham, Aylesbury, UK).

The chi-square test or Fisher’s exact test was used to compare the
prevalence of cardiac antibodies in disease and normal groups and to
assess the association of clinical features with serological findings as
well as the association of clinical diagnoses with systemic
hypertension and positive family history of this disorder. The
unpaired Student’s ¢ test was used to compare mean basal and
stimulated ANP concentrations among the study groups.

TABLEI-PREVALENCEOFCARDIACANTIBODIESIN ENDOCRINE
AUTOIMMUNE DISEASE
: No (%)
Cross- Cross-
Organ- | reactive |reactive
specific 1 2
Polyendocrine autounmune disease
(n=166) 28* (17%) |10 (6% ) 10(6%)
Autoimmune thyroid disease (n=53) | 1(2%) 1(2%) 2(4%)
Newly diagnosed IDDM (n=27) 0 0 0
Blood donors (n =200} 7(35%)| 3(1'5%) | 8(4%)

*Chi-square test for comparison with normal subjects, p=0-0001
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borderline basal ANP concentration. Among antibody-
negative patients and normals there was no paradoxical
ANP response to stimulation.

No significant association was found between the
presence of abnormal ANP concentratons and any
particular  clinical  diagnosis, including systemic
hypertension; ANP abnormalities were detected in similar
proportions of patients with and without hypertension (1/5
[20%] ws 4/17 [23%]) and of patients with and without a
positive family history (1/9 [11%)] s 4/13 [31%]).

Discussion

Patients with autoimmune polyendocrinopathy have
been invaluable for the identification of novel autoantibody
specificities.>!? Autoimmune polyendocrinopathy was
lately associated with Stff-man syndrome!® and it was
within this association that autoantibodies to GABA-ergic
neurons'#and to glutamic acid decarboxylase, also one of the
putative islet autoantigens in IDDM,** were first identified.
Our finding of organ-specific cardiac antibodies in dilated
cardiomyopathy® and the suggested endocrine function of
myocytes by their synthesis and secretion of peptides (eg,
ANP),5 led us to postulate that myocytes might be liable to
an autoimmune attack similar to that exerted against other
endocrine organs. The detection of cardiac antibodies with
organ-specific reactivity in serum from patients with
autoimmune polyendocrinopathy is as we expected.

Organ-specific antibodies are serological markers of a
clinical or subclinical dysfunction of the corresponding
target organ. Organ-specific cardiac antibodies are
associated with dilated cardiomyopathy,® but these
antibodies were found in autoimmune polyendocrinopathy
in the absence of overt cardiac dysfunction. In the
polyendocrinopathic patients, however, there was a positive
association with systemic hypertension and with a family
history of hypertension. Systemic hypertension is not found
in dilated cardiomyopathy, which suggests that the clinical
relation of these autoantibodies in autoimmune
polyendocrinopathy differs from that in dilated
cardiomyopathy. The immunofluorescent staining patterns
of cardiac antibodies in dilated cardiomyopathy and in
autoimmune polyendocrinopathy are similar, but
recognition by distinct antibodies of various cardiac
autoantigens may account for the differences in the observed
clinical associations. Potential cardiac-specific cytoplasmic
autoantigens include myosin isoforms,* !® cardiac isoforms
of other contractile proteins,!’*® and mitochondrial*®*#® and
microsomal antigens.?!*?

Systemic hypertension is a complex disorder and, in most
cases, its aetiology is unknown. The possibility that the high
blood pressure in the autoimmune polyendocrinopathic
patients with organ-specific cardiac antibodies was due to
poor hormonal control?32* was excluded by the finding that
all of them had hormone concentrations within the normal
ranges. Furthermore, the finding of systemic hypertension
was not associated with any particular autoimmune disease.
The concomitant association of these antibodies with a
family history of coronary artery disease is probably related
to systemic hypertension, the latter being an important risk
factor for development of coronary artery disease.?* Organ-
specific cardiac antibodies, similarly to other autoantibody
specificities, might precede overt clinical manifestations of
disease. In 1 of our polyendocrinopathic patients (patient
22), these antibodies were detected a year before systemic
hypertension developed. Follow-up of the patients who are

cardiac antibody positive but without hypertension will
allow us to assess the potential role of these new antibodies in
prediction of disease onset.

We suggest that the presence of organ-specific cardiac
antibodies in polyendocrinopathy may characterise an
autoimmune form of systemic hypertension. We suspected
abnormalities of ANP secretion as a possible factor to
explain this association. In our study, however, there was no
significant association between the postulated defect of ANP
secretion and hypertension.

The physiological role of ANP in blood pressure
regulation is controversial.2® Plasma ANP within the normal
range has been reported in patients with mild essential
hypertension, but it is raised in moderate to severe
hypertension in association with Ieft ventricular
hypertrophy and/or heart or renal failure; this might
represent a compensatory effect due to increased
intracardiac pressures and/or hypervolaemia.?® These data,
and experimental data,”” do not support a key role for the
cardiac hormone as a natriuretic substance in the long-term
regulation of blood pressure. OQur results in
polyendocrinopathic patients with organ-specific cardiac
antibodies and systemic hypertension are consistent with
this view. Alternatively, the part played by ANP may be
small and overwhelmed by the effect of other cardiac
peptides, such as iso-rANP or brain natriutretic peptide.?82°
Longitudinal studies are needed to see whether the ANP
abnormalities detected in a minority of our patients with
cardiac antibodies (fig 2) will be associated with and
ultimately lead to any precise clinical syndrome. Most
importantly, circulating basal and stimulated levels of the
newly identified cardiac peptides should also be measured.

Prospective studies are now needed to confirm whether
these antibodies characterise a subtype of autoimmune
systemic hypertension, and to see if their detection may be
useful in the identification of patients at risk of systemic
hypertension or other cardiovascular disease.
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Results

As in our previous study® of dilated cardiomyopathy, we
detected cardiac antibodies with three distinct
immunofluorescence staining patterns: organ-specific
antibodies, which stained diffusely the cytoplasm of atrial
and, to a lesser extent, ventricular myocytes; cross-reactive 1
antibodies, which gave fine striational staining on cardiac
tissue, but only weak staining on skeletal muscle fibres; and
crossreactive 2 antibodies, which stained with a broad
striational pattern both heart and skeletal muscle sections.
Absorption studies with relevant tissues confirmed the
organ-specificity and cross-reactivity of the three antibody
types.

Organ-specific cardiac antibodies were detected in
significantly more of the patients with polyendocrine
autoimmune disease than of the healthy blood donors (table
1). Skeletal muscle crossreactive 1 and 2 antibodies were
found in similar proportions among patients and normal
subjects (table 1).

The titres of both organ-specific and crossreactive cardiac
antibodies ranged from 1/10 to 1/40. The antibodies were all
IgG. 4 samples contained also IgM and 2 IgA in addition to
1gG.

Table 11 lists the endocrine disorders in the 28 patients
with organ-specific cardiac antibodies. All patients were
clinically well controlled with or without the appropriate
hormone replacement therapy and had hormone
concentrations within the normal ranges. The finding of
organ-specific cardiac antibody was not significantly
associated with age, with any particular autoimmune
disease, or the presence of other organ-specific
autoantibodies.

Of the 28 patients with organ-specific cardiac antibody,
all but 1 (patient 25) were without clinical, radiographic,
and/or echocardiographic evidence of left or right heart
failure or ventricular wall hypertrophy (table 11). 5 of 28
patients had systemic hypertension but their blood pressure
was well controlled by treatment and they were
normotensive at the time of cardiac examination and of
blood sampling for ANP. In 2 of these 5 patients systemic
hypertension was associated with IHD (table 11). None of
the 80 cardiac-antibody-negative polyendocrinopathic
patients examined had clinical or radiographic evidence of
left or right ventricular dysfunction, but 2 of them were
receiving treeatment for systemic hypertension. The
prevalence of systemic hypertension was significantly
higher among patients with organ-specific cardiac
antibodies than in those without such antibodies (5/28
[18%] ws 2/80 [3%], p=0-01). The prevalence of IHD did
not differ significantly between these subgroups (2 [7%] vs 3
[4%]).

A complete family history for cardiovascular disease was
obtained in 26 of the 28 polyendocrine patients with
organ-specific cardiac antibodies and in 67 of the 80 who
were antibody negative. The presence of organ-specific
cardiac antibodies was associated with a family history of
hypertension (11 [42%)] vs 5 [7%)], p=0-0001) and family
history of IHD (8 [31%] vs 6 [9%] p =0-01). The presence
of systemic hypertension or positive family history was not
associated with any particular autoimmune disease among
the patients who underwent cardiovascular assessment.

Basal ANP levels did not differ significantly between the
group with organ-specific cardiac antbodies (5-8 [5:8]
pmol/1) and the antibody-negative group (4-8 [1-1] pmol/1)
or the healthy controls (4-6 [1-2] pmol/l). Stimulated ANP

TABLEIlI—CLINICALDATAON POLYENDOCRINE PATIENTS WITH
CARDIAC SPECIFIC ANTIBODY

_[ Family
history
Age Hyper—
Patient | (yr) |Sex Clinical disorders tension| IHD
1 35 | F |None + <A
2 37 | F | Thyrotoxicosis 33 =
3 66 | F |Primary myxoedema, hypertension + +
4 66 | F | IDDM, thyrotoxicosis, pernicious
anaemia, chronic active hepatitis — +
5 36 | M |IDDM = =1
6 54 | F |Primary myxoedema = =
7 28 | F |Addison’s, hypoparathyroidism - +
8 49 | F |IDDM + -
9 25 | M |Addison’s + +
10 55 | M ! Vitiligo, hypertension, IHD - +
11 40 | F |IDDM, Addison’s, thyrotoxicosis =
12 48 | F |Addison’s, thyrotoxicosis - -
13 56 | F |IDDM ? ?
14 44 | F |None = =
15 38 | F |IDDM = =
16 61 | F |Hashimoto’s thyroiditis + =
17 40 | F |Primary myxoedema i ¥
18 62 | M |IDDM, euthyroid post-thyrotoxicosis = =
19 37 | F |Primary myxoedema + +
20 25 | F |IDDM, polycystic ovaries = P
21 28 | M |IDDM ? ?
22 47 | F |Hashimoto’s thyroiditis, hypertension + e
23 22 | F |IDDM, primary myxoedema - -
24 50 | F |Euthyroid post-thyrotoxicosis,
polycystic ovaries =
25 52 | F |IDDM, Hashimoto’s thyroiditis,
vitiligo, hypertension, IHD = =
26 68 | F |IDDM, vitiligo, hypertension + ==
27 41 | M | IDDM, Addison’s, primary
myxoedema, vitiligo + -
28 45 | M | Type 2 DM, primary myxoedema + -

IHD = ischaemic heart disease

levels were also similar within the three study groups (10-5
[4:5]; 10-0 [2-0); 9:6 [2-3] pmol/l, respectively). However, 5
of 22 patients with cardiac antibodies had values above or
below the range of values in the normal group (fig 2). Patient
25, who had hypertension and congestive heart failure, had
high basal and stimulated ANP concentrations. In the other
4 patients with abnormal basal and/or stimulated ANP
concentrations there was no apparent clinical association.
Only 1 antibody-negative control patient had a low
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30 conirols -ve patients +ve patients
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£
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Fig 2—ANP response in patients with and without cardiac
antibodies and normal subjects.

Bars= mean values
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Diagnosis of genetic disease by primer-specified
restriction map modification, with application to
cystic fibrosis and retinitis pigmentosa

ERIC J. SORSCHER ZHEN HUANG

Detection of small alterations or abnormalities in
genomic DNA (eg, point mutations or small
deletions) has become increasingly important in the
diagnosis of genetic disease and polymorphism.
When a mutation or polymorphism creates a new
restriction endonuclease site, it can easily be
identified by polymerase chain reaction (PCR)
amplification of the DNA region of interest, followed
by digestion with the restriction endonuclease.
However, useful restriction sites are the exception,
and a variety of specialised techniques have been
developed to identify subtle DNA abnormalities. We
have shown that where a DNA mutation does not
create a useful novel restriction site, such asite can be
introduced by PCR and specially chosen primers.
The approach is simple and inexpensive and should
be broadly applicable in the diagnosis of genetic
polymorphism and mutation. The technique is
illustrated here by the three base-pair deletion
responsible for most cases of cystic fibrosis and by
detection of the point mutation in the rhodopsin
gene that has been associated with some cases of
autosomal dominant retinitis pigmentosa.

Lancet 1991; 337: 1115-18.

Introduction

A growing number of genetic diseases and other
phenotypic polymorphisms can now be identified at the
level of the responsible gene. Haemoglobinopathies,

muscular dystrophy, cystic fibrosis, neurofibromatosis, and
Lesch-Nyhan disease are examples of hereditary conditions
that are amenable to DNA diagnosis,® and
histocompatibility type is an illustration of a polymorphism
that can be characterised in this way too.? The DNA
alteration responsible is often just a single base change or
small deletion or insertion, and several techniques have been
devised to identify small lesions or variable regions of DNA.
When a small change in DNA creates or destroys a unique
restriction site, the presence or absence of a mutation can be
identified in a sample of DNA simply by cutting the region
of DNA of interest with a specific restriction enzyme.
Examples are the [-globin mutation in sickle-cell anaemia
and the defective allele in the factor VIII gene associated
with haemophilia A. In mutations such as these, the DNA
region of interest may be amplified by the polymerase chain
reaction (PCR) before digestion with a restriction enzyme.
This approach only works where a natural mutation causes a
useful change in a restriction site, and that is rare. As aresult,
other techniques have evolved.

Allele-specific oligonucleotide hybridisation is the most
widely used alternative approach, permitting even a single
base change to be identified. Other approaches are
competitive oligonucleotide priming PCR, ligase-mediated
allele detection, multiplex PCR detection, cleavage

ADDRESS: Department of Medicine, Division of Hematology-
Oncology, and Department of Physiology and Biophysics,
University of Alabama at Birmingham, Birmingham, Alabama
35294, USA (E. J. Sorscher, MD, Z. Huang, MD). Correspondence to Dr
Eric J. Sorscher.
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mismatch  detection, denaturing  gradient  gel A Restriction

electrophoresis, and identification of single-stranded DNA genomic DNA endonuclease
polymorphism—but all are more complex than simple PCR site S
amplification  followed by restriction  digestion. |/" B &
Oligonucleotide specific hybridisation, for example, 5,/_\_/“/——../ =

requires great care with hybridisation and washing M’
conditions and radioactive probes or non-radioactive primer

colorimetric techniques. Competitive oligonucleotide A PCR

priming PCR®” refers to detection of polymorphic alleles l Amplify

using the PCR and primers encompassing a polymorphic
region of interest. Under carefully specified conditions, a
PCR product will only be obtained if the primer exactly
matches the template. However, PCR primers tend to
amplify despite significant mismatch with template—and it
is this observation that forms the basis of PCR-directed
mutagenesis. No-one doubts that competitive PCR priming
can offer rapid diagnosis of DNA polymorphism but
technical difficulties have left allele-specific hybridisation as
the procedure of choice for detecting small changes in DNA.

Restriction map modification

The approach used here is summarised in fig 1. The
region of DNA under study is restriction mapped—ie, a
computer print-out is obtained showing restriction enzyme
recognition sites within the region of interest. If a unique
restriction site is already present due to the polymorphic
sequence itself, standard PCR and digestion can be used,
provided there are no such sites elsewhere to complicate
interpretation of the restriction digests. If no useful
restriction site is present, one is introduced by primer-
specified restriction map modification. A list of restriction
endonuclease recognition sites is consulted to choose sites
that more closely resemble the polymorphic allele under
study than other alleles at the same position in the locus.
Primers are chosen around the area of interest so that a
mutation will be introduced into a PCR product. The
mutation is designed so that it will create a new restriction
site in a PCR product from the polymorphic allele of interest
but not in products from the wild type allele or from other
polymorphic alleles which are not being targeted.

Applications to cystic fibrosis AF ., deletion

In cystic fibrosis (CF), the most common defective
allele has a deletion of three base-pairs (CTT) in the CF
gene and is known as AF,,. The enzyme Clal recognises
the sequence 5’ATCGAT?3'. This sequence is not present
in either the defective gene (CF) or the wild type
(normal) allele but it can be introduced if two bases of the CF
allele are changed (fig 2). Amplification of the wild
type allele also leads to a PCR product but since this allele
has three extra base pairs in the polymorphic region, a
new Clal site should not be introduced. The
predicted sequence of the PCR product would be
5'AAAGAAAATATCATCTTCGATGTT3': the Clal
site would thus be destroyed by the extra bases in the wild
type allele and only the mutant allele would be predicted to
be cut with this enzyme.

Application to autosomal dominant retinitis pigmentosa

Some cases of autosomal dominant retinitis pigmentosa
have been attributed to a point mutation in the rhodopsin
gene.?® The normal sequence in the region of the point
mutation and the sequence of the mutated allele are shown in
fig 3. The point mutation is a C—A transversion. The
enzyme Dralll should be able to identify this mutation after
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Fig 1—Restriction map modification using PCR.

Region surrounding polymorphism or mutation of interest (/) is
amplified by PCR. One amplification primer is chosen to introduce new
mutation (small arrow) in the PCR product. This mutation creates a novel
restriction endonuclease site in PCR product from polymorphic allele of
interest (A) but not from wild type allele (B)

PCR amplification, since it recognises the sequence
5'CACNNNGTG?3’, where N is any base. A Dralll site
would be expected in a PCR product for the mutant, butnot
the normal allele, if an A—T mutation is placed in the
position shown by the asterisk in fig 3.

Methods
PCR and endonuclease cutting

Whole blood was used to prepare PCR-suitable genomic DNA.®
Briefly, 0-5 ml blood was added to 0-8 ml lysis buffer (0-32 mol/l
sucrose, 10 mmol/l “uris” HCl pH 75, 5 mmol/l magnesium
chloride, and 1% “Triton X-100’) in a 1-5 ml tube. Samples were
spun at 13 000 g for 20 s, supernatants were discarded, and pellets
resuspended in 1-0 ml lysis buffer; centrifugation and resuspension
steps were repeated twice more. After a final spin (13 000 g, 20 s)
pellets were resuspended in 500 pl buffer containing 50 mmol/l
KCl, 10 mmol/1 tris HCI pH 8-3, 2-5 mmol/l magnesium chloride,
0-1 mg/ml gelatin, 0-45% NP40, and 0-45% ‘“Tween 20’. 0-6 pl of a
10 mg/ml solution of proteinase K in water was added to every 100
ul of buffer just before use. Samples were incubated at 50-60°C for
1 h and then at 90°C for 10 min to inactive proteinase K, and then
stored frozen. Tissue samples and cell-culture material were also
used for DNA preparation for PCR.%?



