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Inherited Creutzfeldt-Jakob disease in a British
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Abstract
A case of familial Creutzfeldt-Jakob
disease associated with a 144 base pair
insertion in the-open reading frame ofthe
prion protein gene is described.
Sequencing of the mutated allele showed
an arrangement of- six octapeptide
repeats, distinct from that of a recently
described British family with an insertion
of similar size. Thirteen years previously
the brother of the proband had died from
"Huntington's disease", but re-examina-
tion of his neuropathology revealed
spongiform encephalopathy and anti-
prion protein immunocytochemistry
gave a positive result. The independent
evolution of at least two distinct patho-
logical 144 base pair insertions in Britain
is proposed. The importance of main-
taming a high index ofsuspicion ofinher-
ited Creutzfeldt-Jakob disease in cases of
familial neurodegenerative disease is
stressed.

(J Neurol Neurosurg Psychiatry 1995;58:65-69)
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Between 6% and 15% of cases of Creutzfeldt-
Jakob disease may be familial with an autoso-
mal dominant pattern of inheritance.' 2 A

variety of point mutations and base pair inser-
tions of the open reading frame of the prion
protein gene have been reported to cosegre-
gate with cases of inherited Creutzfeldt-Jakob
disease.36 The pathogenicity of these muta-
tions is suggested by their absence in normal
subjects,78 and the apparent development of
spontaneous neurodegeneration in transgenic
mice carrying the murine equivalent of the
leucine substitution at codon 1029 (character-
istically associated with Gerstmann-Straussler
syndrome'0). The region between codons 51
and 91 of the open reading frame normally
comprises one nonapeptide and four octapep-
tide repeats." Insertions of two and between
five and nine extra octapeptide repeats have
been associated with Creutzfeldt-Jakob dis-
ease."' In their paper on a large family from
the south east of England with a 144 base pair
insertion (six extra repeats), Collinge et al
described the remarkable diversity of clinical
and neuropathological features of affected
cases. 12-14 The nucleotide sequence of the
mutated allele in this family showed that the
144 base pair insertion had remained stable
over at least six generations.8 In the current
communication another British family with a
base pair insertion of similar size but novel
sequence (unrelated to the original family)
is described. There were remarkable similari-
ties to the first pedigree with respect to the.
diversity of clinical features in affected
members.

Case report
The propositus (III.6, fig 1) presented aged
46 with a two month history of progressive
visual disturbance and unsteadiness. He was
unable to operate machinery at work and
seemed less concerned about his perfor-
mance. One month before admission he could
not recognise large objects or relatives' faces,
and by the time of his admission could only
distinguish between light and dark. By then he
had difficulty standing independently.
Medical history was unremarkable, and he
took no medication. He smoked 20 cigarettes
daily and consumed 4 units of alcohol
monthly. On examination he was euphoric,
disoriented in time, and had impaired short
term memory (with confabulation). He was
mildly dysphasic. He could not perceive hand
movements, but pupils were equal with nor-
mal responses to light stimulation. There was
tremor on maintained posture of his arms.
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Figure I Family tree.
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Tone and reflexes were physiological and
symmetric, and plantar responses were down-
going. Gait was unsteady.
The following investigations were normal

or negative: routine biochemistry and haema-
tology, liver function tests, autoantibody pro-
file, syphilis serology, TSH, copper studies,
and HIV serology. Examination of CSF
showed 4 lymphocytes per mm' and a protein
content of 0 16 g/l. Computerised tomogra-
phy showed enlarged ventricles, and cerebral
and cerebellar cortical atrophy. Electro-
encephalography showed bilaterally synchro-
nous, repetitive, triphasic discharges at 1 per
second on a background of slow rhythms.
Pattern reversal visual evoked potentials could
not be performed, and in response to a flash
stimulus the late components were dispersed
(P3 at 178 ms bilaterally).

Figure 2 (A) Occipital cortex in case III. 6 sho
with severe reactive astrocytosis (haematoxylin-e
(B) Immunocytochemistry for prion protein shoe
product around areas of confluent spongiform ch

reaction after hydrolytic autoclaving and haema

..~~~~~~~~~~~~.
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Figure 3 (A) Putamen in case III. 4 showing
loss in an irregular distribution (haematoxylin-
(B) Immunocytochemistry for prion protein shc
product around areas ofconfluent spongiform c

technique after hydrolytic autoclaving with hae

Myoclonic jerks were noted soon after
admission, and he developed dressing apraxia.
Frontal release signs recurred, and paratonic
rigidity of his limbs emerged. Gait ataxia
worsened and he became bedbound.
Terminally he had rest and startle myoclonus,
and became akinetic and mute. He died one
month after admission.
The patient's brother III.4 (fig 1) was

thought to have died from Huntington's
disease at the age of 39, 13 years previously.
His terminal illness had been of five years'
duration, and had been characterised by chor-
eiform movements, gait disturbance, and
dementia. Several other members of the
pedigree had also succumbed to dementing
illnesses, variously described as "shellshock",
Huntington's disease, general paralysis of the
insane, and "organic dementia" (fig 1). After
his brother's presentation, III.4's neuro-
pathology was reviewed.

Materials, methods, and results
NEUROPATHOLOGY
After necropsy, the brain from case III.6 was
fixed in 10% formalin and submitted to
the National Creutzfeldt-Jakob disease Sur-
veillance Unit for investigation. The fixed
brain weighed 1234 g and showed a moderate
degree of cortical atrophy in the cerebral
hemispheres. No other relevant external
abnormalities were noted. Tissue blocks from

g 5t ^ all cortical areas, the basal ganglia, thalamus,
hypothalamus, brainstem, and cerebellum
were decontaminated in 96% formic acid for
one hour before routine processing into paraf-
fin wax. Five ,um sections were cut and
stained by conventional histological tech-

B niques and by immunocytochemistry for

neuronal loss prion protein using a polyclonal antibody
?wing spongiformchaxng and raised against scrapie associated fibrils (cour-

wing a positive reaction with a dark stain tesy of Dr J Hope, MRC/AFRC Neuro-
tange in the occipital cortex (avidin-biotin pathogenesis Unit, Edinburgh).
ctoxylin counterstain, originally x 240). From case III.4, unstained paraffin sections

were obtained from the cerebellum, frontal,
parietal, temporal, and occipital lobes, basal
ganglia, and thalamus. These were stained by
conventional histological techniques and by
immunocytochemistry for prion protein as

described earlier.
In case III.6, the sections of the cerebral

hemispheres showed a spongiform encepha-
lopathy involving the cerebral cortex in a
widespread distribution with particularly
severe occipital and parietal involvement.

A > t y ; B:Reactive gliosis in these regions was conspicu-
.). ! :i,.,'...ousas well as spongiform change and neu-

ronal loss. The visual cortex showed status

spongiosus. Spongiform change was noted in
the basal ganglia, particularly involving the
putamen, and was also noted in a patchy dis-
tribution throughout the molecular layer in
the cerebellar cortex. Prion protein immuno-

E!- B cytochemistry showed a positive reaction in
the cerebral cortex within and around areas of

Iconfluent spongiform change with neuronal spongiform change (fig 2). In the cerebellum,
-eosin, originally x 200). focal deposition of prion protein was
owing dense deposition of the dark reaction accompanied by a more diffuse staining in the
;hange in the putamen (avidin-biotin
matoxylin counterstain, originally x 240). granular layer. No evidence of Huntington's
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Figure 4 Analysis ofprion protein gene PCR products by gel electrophoresis. 10 of
each PCR reaction was loaded directly (lanes 2-4) or after P3vuII digest (lanes S and 6).
PCR was performed on genomic DNA ofpatient III. 6 (lanes 2 and 5) and an unrelated
patient without any mutation of the open readingframe of the prion protein gene (lanes 3
and 6). A PCR reaction with no template DNA was added as a contamination control
(lane 4). The sizes of the PCR products were estimated by comparison with markerDNA
(lanes 1 and 7, 1 kb ladder, GicoBRL; sizes on the left in bp). Calculated values of the
published human prion protein gene sequence fragments are given in bp on the right.

disease or any other primary neuro-

degenerative disorder was noted. Occasional
blood vessels in the deep grey matter and
central white matter regions showed arterio-
sclerosis with patchy calcification but there
was no evidence of appreciable ischaemic
damage.

In case III.4, spongiform change was noted
in a patchy distribution in the cerebral hemi-

spheres, most conspicuously in the temporal
and frontal lobes. Cortical atrophy in these
regions was accompanied by neuronal loss
and reactive gliosis. Spongiform change was
also present in a patchy distribution in the
cerebellar cortex and the basal ganglia. There
was no evidence of Huntington's disease or
any other primary neurodegenerative disor-
der. Immunocytochemistry for prion protein
showed a patchy positive reaction in the cere-
bral cortex in relation to areas of spongiform
change (fig 3). Occasional astrocytes also
showed punctate prion protein immunoreac-
tivity within the cytoplasm.

MOLECULAR BIOLOGY
Genomic DNA was extracted from the blood
of patient III.6 and control subjects by stan-
dard techniques.'5 The open reading frame of
the prion protein gene was amplified by the
polymerase chain reaction (PCR) in a 50 ul
reaction containing 1 jug of genomic DNA, 50
mM KC1, 10 mM Tris HC1 (pH 9-0), 0-1%
Triton X-100, 1-5 mM MgCl,, 0-2 mM of
each deoxynucleotide triphosphate, 1 pM of
each oligonucleotide primer, and 2-5 units
Amplitaq DNA polymerase (Perkin Elmer
Cetus). The sequence of the oligonucleotide
primers were 5'-CGCAAGCTTGAACTCT-
GAACATTCTCCTCTTC-3' and 5'-TTC-
GAATTCCTCCCTCAAGCTGGAAAAAG-
3', which are situated 5' or 3' to the human
open reading frame of the prion protein
gene. 16 The mixture was overlayered with
mineral oil and subjected to 35 temperature
cycles (05' 95°C, 1' 55°C, 2' 72°C) in an

Omnigene thermal cycler. To analyse the
product, 10 jul of the reaction was loaded on
to a 1-5% agarose gel either directly or after
cleavage with the restriction endonuclease
PvuII, electrophoretically separated, and
stained with ethidium bromide. To clone and
sequence the PCR products, they were cut

Sequence comparison of the normal and mutated tandem repeat regions of the prion protein gene

Mutant allele Mutant allele Mutant allele
(patient III. 6) (Owen, et al'7) (Owen et al'9)
144bp insert 144 bp insert 216 bp insert

Normal allele
CCT CAG GGC
Pro Gln Gly
CCT CAT GGT
Pro His Gly
CCT CAT GGT
Pro His Gly
CCC CAT GGT
Pro His Gly
CCT CAT GGT
Pro His Gly

GOT
Gly
GOT
Gly
GOT
Gly

GGOT
Gly

GGOT
Gly

GOT
Gly
GOC
Gly
GOC
Gly

GGOC
Gly

GGOC
Gly

GOC TGO

Gly Trp

-G-- TG

Trp

-G-- TG

Trp

-G-- TG

TrP

-G-- TG

Trp

GOG
Gly
GOG
Gly
GGO
Gly

GGOA
Gly

GGOT
Gly

CAG

Gln
CAG

Gln

CAG
Gln
CAG
Gln
CAA
Gln

Only in mutant alleles

CCC CAT
Pro His
CCT CAT
Pro His

GGT GGT GGC ---

Gly Gly Gly -

GGT GGT GGC ---

Gly Gly Gly -

TGG GGG CAG
Trp Gly Gln
TGG GGA CAG
Trp Gly Gln

RI RI

R2

RIRI

R2

R2

R3

R4

R2

R2 R2

R3

R2

R3g
R2

R3g
R2

R3g R3

R2a R4

R2

R2

R3

R2

R3g
R2

R3g
R2

R3

R4

R2

R3
R2
R3g
R2
R2

R3

R4

R2a
<R2

R2

Repeats are named according to the proposed nomenclature of Goldfarb et al 4 and the top to bottom order reflects the 5' to 3'
direction. The nucleotide and amino acid sequences of the repeats in the normal allele and of the repeats R2a and R3g, unique to
mutated alleles, are presented. Silent nucleotide changes in R2a, R3, R3g and R4 compared with R2 are underlined. The
differing regions between the mutated alleles with 144 bp are printed in bold, and the position of the three additional repeats in
the allele with a 216 bp insert is indicated.
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PvuII

874 bp

-,

144 bp
Figure 5 Schematic representation of the human open
readingframe of the prion protein gene. The open reading
frame is shown as a dotted bar and the five tandem repeats
are indicated. The size of the PCR product of a normal
allele (874 bp) exceeds the open readingframe at the 5'
and 3 ends, and the approximate position and scale of the
six repeat inserts (144 bp) are indicated. The restriction
enzyme PvuII cleaves the prion protein gene
asymmetrically.

with the restriction endonucleases MspI and
Sau3A to create a large fragment including
most of the open reading fraction of the
prion protein gene. The digestion products of
the alleles were isolated from an agarose gel
separately. They were cloned into the vector
pBluescriptIIKS(-) (Stratagene), that was
itself cut with the enzymes Cla I and BamH I
to create compatible ends. The inserted open
reading frame was sequenced with
SequenaseII (United States Biochemicals) as
double stranded material according to the
manufacturer's recommendations. The
sequencing primers used were either the T3
and T7 primers (Stratagene) or the synthetic
oligonucleotides 5'-TGGCACCCACAGTC-
AGT-3' and 5'-TTCTCCCCCTTGGTGG-
T-3', which correspond to internal sequences
of the human open reading frame of the prion
protein gene.'6

Agarose gel electrophoresis of the PCR
products from the genomic DNA of III.6
showed two major products of about 850 bp
and 1000 bp in size (fig 4, lane 2). This indi-
cated that one prion protein allele in III.6 had
an insertion of about 150 bp. In normal sub-
jects (and patients with Creutzfeldt-Jakob dis-
ease without extra octapeptide repeats in their
prion protein gene) both prion protein alleles
are represented by a single 850 bp fragment
(fig 4, lane 3). A digest of the PCR amplified
material with the restriction endonuclease
PvuII showed in a normal subject two frag-
ments of 400 bp and 470 bp, corresponding
to the 5' and 3' parts of the gene respectively
(fig 4, lane 6; fig 5). The same treatment of
the PCR product of III.6 showed a third
band at about 550 bp (fig 4, lane 5) indi-
cating the presence of an insertion of about
150 bp in the 5' part of the gene. This locali-
sation matched to the only known insertion
site within the prion protein gene that is
associated with familial Creutzfeldt-Jakob dis-
ease, the octapeptide repeat region, and the
size estimation of the mutated PCR product
was compatible with a 144 bp insertion (fig
5).

Archival CNS tissue from III.4 was avail-
able, but several attempts at DNA extraction

and amplification of the open reading frame
of the prion protein gene were unsuccessful.
This was probably due to the old age and pro-
longed fixation time of the tissue.
The open reading frame of the prion pro-

tein gene of III.6 was further analysed after
subcloning and sequencing. To exclude
amplification errors caused by the Taq DNA
polymerase, the products of five PCR reac-
tions were analysed independently. The
results were consistent and confirmed a 144
bp insertion in the octapeptide region of the
mutated allele. The arrangement of the
repeats was different from the sequence
described in the previous British pedigree
with an insertion of the same size.'7 Whereas
the first (Rl, R2, R3) and the last (R2, R3,
R4) three repeats were identical, the order of
the five repeats in the middle of the mutated
allele was R3, R2, R3g, R2, R3g compared
with R2, R3, R2, R3g, R2 in the previously
described pedigree (table). Although these
changes have not influenced the amino acid
sequence of the octapeptides, the nucleic acid
sequence clearly establishes this as a case of
familial Creutzfeldt-Jakob disease with a novel
144 bp insertion in the octapeptide repeat
region of the prion protein gene.

Discussion
The clinical course of the propositus was typi-
cal of Heidenhain's variant of Creutzfeldt-
Jakob disease. 18 In this form occipital
blindness is an early and prominent feature,
and seems to correlate with severe spongiform
change of the visual cortex (as here). The
finding of an insertion of 144 extra base pairs
in the N-terminal octapeptide repeat region of
the open reading frame of his prion protein
gene was consistent with familial Creutzfeldt-
Jakob disease. Re-evaluation of his brother's
neuropathology confirmed the presence of
spongiform encephalopathy, although due to
technical reasons an identical insertion in his
prion protein gene could not be demon-
strated. Other members of this pedigree had
been diagnosed as having a variety of neuro-
degenerative illnesses, and the variety of labels
attached to them in previous generations is
remarkably similar to the previously reported
pedigree from the south east of England.'2
Although the size of the insertion was identi-
cal in these two families, there was no known
relationship and, as demonstrated, the
sequence of the extra repeats was different.
Given the similar size of the insertion and the
identical amino acids encoded, however, it is
hardly surprising that a similar spectrum of
clinical phenotypes was noted.

Various sizes of insertions of the open read-
ing frame of the prion protein gene have
been associated with familial Creutzfeldt-
Jakob disease.3'5 6 Recently Duchen et al
have described a family with nine extra
repeats,5 19 and although larger by three extra
repeats the similarity in sequences between
this and the insertion in the present report is
noteworthy (table). The complete octapeptide
repeat sequence of the current family can be
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represented by the first six and the last five
repeats of the larger sequence. There is insuffi-
cient knowledge at present regarding the
mechanisms leading to the generation of extra
repeats to judge whether the similarities in the
sequences of the extra repeats in these two
pedigrees arose by chance or whether they
evolved from a common ancestor.
The clinical illness of III.4 was compatible

with Huntington's disease with choreiform
movements, progressive intellectual decline,
and a family history of neurodegenerative dis-
ease. Neuropathological findings in this case
and the clinical, neuropathological, and mole-
cular biological findings in his brother, how-
ever, make this diagnosis untenable. The gene
mutation responsible for Huntington's disease
has been identified recently,20 but cases of
hereditary chorea without this mutation (an
expansion of a trinucleotide repeat sequence)
are described.2' Familial Creutzfeldt-Jakob
disease is clearly an important diagnosis to
bear in mind in these cases. Expansions of
trinucleotide repeat sequences are increas-
ingly recognised in inherited neurological dis-
ease, and seem to correlate with the clinical
phenomenon of anticipation.22 This is not a
clinical feature of inherited Creutzfeldt-Jakob
disease, and as noted from the molecular bio-
logical perspective, there is stability in
octapeptide repeat sequences in successive
generations.
The present report emphasises the impor-

tance of neuropathological examination in
cases of undiagnosed dementia, although
Creutzfeldt-Jakob disease as a cause seems to
be rare.2' Nevertheless, the importance of
establishing this diagnosis, especially where it
has implications for succeeding generations, is
readily apparent. The feasibility of offering
presymptomatic diagnosis to families with
inherited Creutzfeldt-Jakob disease has
already been investigated.24 This was compli-
cated, however, not only by ethical dilemmas,
but also by methodological problems (the less
efficient amplification of alleles carrying inser-
tions in PCR). These are likely to be espe-
cially acute when considering antenatal
diagnosis.

Necropsies were performed by Dr De Kretser and Dr Brown
at the North Manchester General Hospital. Archival material
from case III.4 was made available by the Huntington's disease
brain bank (Dr Bruton). The Centre for Genome Research
receives funding from the AFRC, and this work was supported
by its BSE programme (grant No LRG 15/344). The National
Creutzfeldt-Jakob disease Surveillance Unit is funded by the
Department of Health. Immunocytochemistry was performed
by Ms C Barrie (supported by the AFRC, grant No AG
15/610). Mrs H Southworth and Miss J MacKenzie provided
secretarial assistance.
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