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Molecular Analysis of Prion Protein Gene (PRNP) in Korean Patients

with Creutzfeldt-Jakob Disease

Creutzfeldt-Jakob disease (CJD), a relatively uncommon human dementia, is
caused by an unconventional slow infectious agent. Several cases of CJD,
clinically or histopathologically diagnosed, have been reported in Korea. In order
to confirm the diagnosis of CJD and also differential diagnosis of sporadic and
familial types of CJD in Korea, we studied two patients who had symptoms
of CJD. The histopathological and immunohistochemical studies showed spongi-
form neurodegeneration and expression of abnormal isoform of prion protein
(PrP*°} in astrocytes. Thus, these two patients were diagnosed CJD. To inves-
tigate whether these patients were sporadic or familial type of CJD, the molecular
analyses of the prion protein gene (PRNP) were done by restriction fragment
length polymorphism (RFLP) and DNA sequencing. In the cases of a healthy
Korean and two CJD patients, no point mutation was detected in the known
hot spots (178, 180, 200, 210, and 232) and they exhibited wild type PRNP
sequences. We concluded that both patients have a sporadic type of CJD, but
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INTRODUCTION

Prion diseases are neurodegenerative diseases caused
by unconventional slow infectious pathogens, designated
ptions, which ate responsible for transmissible and inhet-
ited disorders. The definitive diagnosis of human prion
disease requires at least one of the four following cti-
teria: presence of prion amyloid plaques, transmission of
spongiform encephalopathy to animals, presence of ab-
normal isoform of prion protein, or presence of a path-
ogenic PRNP gene mutation (1). Four prion diseases
have been identified in humans: kuru, Creutzfelde-Jakob
disease (CJD), Gerstmann-Straussler-Scheinker syndrome
(GSS), and fatal familial insomnia (FFI). CJD is not only
characterized clinically by dementia, ataxia, and myoclo-
nws (2, 3), but also pathologically by neuronal loss, astro-
cytosis, and spongiform neurodegenetations (4-6). Spo-
radic CJD, which appears wotldwide, is found in one
petson out of a million (7). Familial type CJD comptises
10 to 15 percent of all reported cases of CJD (8), and
fatrogenic CJD occuts in small numbers (9). Patients gen-
etally develop CJD between the ages of 50 and 70 and
die within 1 year. The human prion gene on chromosome
20 encodes a protein designated PrP® (10). An abnormal,
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protease-resistant isoform (PrP™) of the prion protein is
present in the brain of CJD patients (11). Familial CJD
is known to be caused by a point mutation at codon 178
(12, 13), 180 (14), 200 (15-19), 210 (20, 21), or 232
(14), and several insert mutations in the octapeptide
repeats of the open reading frame (ORF) of PRNP (22,
23). Recently, several cases of CJD have been reported
in Korea (24-27), however all of them wete clinically and
histopathologically diagnosed. This study was undertaken
to confirm the diagnosis of CJD in Kotean patients, and
to differentiate sporadic ot familial types of CJD patients
in Korea.

MATERIALS AND METHODS

Neuropathology and immunohistochemistry

The biopsy brains (temporal cortex) wete fixed in 10%
neutral formalin, rinsed with 0.01 M phosphate-buffered
saline (PBS, pH 7.0), dehydrated with ethanol, and em-
bedded in paraffin. Coronaty sections of the brain (10 ym
thick) were cut with a mictotome. The brain sections
wete deparaffinized with xylene and hydrated through
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grades of ethanol. For obsetvation of histopathological
changes, the tissue sections were stained with hema-
toxylin and eosin (H & E). Double immunostaining for
PrP* and glial fibrillary acidic protein (GFAP) has been
petformed in the following order: Sections were incu-
bated with proteinase K (10 yg/ml) for 7 min, and rinsed
with 0.01 M PBS. The sections were treated with 10%
normal goat serum in PBS for 1 hout, and incubated
with rabbit antiserum against PrP* (provided by Dr.
Richard J. Kascsak) overnight at 4°C. The tissue sections
wete rinsed in PBS, and incubated for 2 houts in peroxi-
dase-conjugated goat anti-rabbit IgG (Vector, USA) di-
luted at 1:50 in PBS. The tissue sections wete then
rinsed in 0.05 M Tris-HCI (pH 7.6). For the detection of
horseradish peroxidase, the sections wete incubated in a
mixture of 0.05% diaminobenzidine (DAB, Sigma, USA)
and 0.01% H,O; in 0.05 M Tris-HCl for 1 min at room
temperature. After tinsing in PBS, the sections wete
treated with 10% notmal goat serum in PBS for 1 hout,
and incubated overnight at 4°C in rabbit antiserum
(Zymed, USA) against GFAP diluted at 1:300 in PBS.
The tissue sections wete tinsed in PBS, and incubated
for 2 houts in gold labeled goat anti-rabbit IgG (Amet-
sham, England) diluted at 1:40 in PBS. The tissue sec-
tions were then incubated in silver enhancement mixture
(Ametsham, England) for 15 min at room temperatute.
After rinsing in deionized watet, the sections wete count-
erstained with hematoxylin.

RFLP and DNA sequencing

Blood samples were received from a normal person and
two cases of CJD patients. Genomic DNA was extracted
from peripheral lymphocytes. Polymerase chain reaction
(PCR) was performed with T-1 (GATGCTGGTTCTCT-
TTGTGG) and T-2 (CCCACTATCAGGAAGATGAG)
ptimers. The PCR conditions were left in 94C for 10
min to denature, and 30 cycles of 94C for 1 min, 62C
for 1 min, and 727C for 1 min 30 sec. The 714 bp PCR
product was digested with 776111 I (Promega, USA) to
analyze the codon 178. Restriction products wete sepa-
rated on 1.5% agarose gel, stained with ethidium bro-
mide, and visualized under a lamp. 7T#111 I cuts the
738 bp PCR product of PRNP into 514 bp and 224 bp
fragments in codon 178. The complete DNA sequence
was determined by the dideoxy chain termination meth-
od using the Sequenase Version 2.0 Kit (USB, USA). The
following sequencing primers were used: H-3 (CACCC-
ACAGTCAGTGGAACA), K4 (GGTCCTCATAGTCA-
GTGCCG), K-5 (CATGAGCAGGCCCATCATACQ), K-6
(ACACATCTGCTCAACCACGC), K-7 (GTCACCACA-
ACCACCAAGGG), K-14 (TGTTCCACTGACTGTGG-
GTG), T-1 (GATGCTGGTTCICTTTGTGG), T-2 (CC-
CACTATCAGGAAGATGAG).

RESULTS

Neuropathological and immunohistochemical diagnoses
of CJD

Spongiform changes are one of the typical neuropath-

Fig. 1. Neuropathological findings. Case 1 (A) and Case 2 (B) in temporal cortex stained with hematoxylin and eosin show spongi-
form degeneration (arrows) { X400).
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Fig. 2. Immunohistochemical changes. Case 1 (A) and case 2 (C) show temporal cortex stained with anti-GFAP showing intense
reaction astrocytosis and case 1 (B) and case 2 (D) stained with double immunostaining for PrP® (brown: DAB) and GFAP (black:

silver) (X 400).

ological findings of prion diseases including CJD. To de-
termine the spongiform changes in these cases, we pet-
formed H&E staining. Spongiform changes wete ob-
served predominantly in the temporal cortex in both
cases (Fig. 1. A, B arrows). And then we used GFAP im-
munohistochemistty to determine the astrocytosis, we ob-
served remarkable reactive astrocytosis in the temporal
cortex of these cases (Fig. 2. A, C arrows). Futhermore, to

determine the immunoreactivity and the distribution of
infectious prion proteins (PtP*), we used the double im-
munohistochemistry of PrP* and GFAP antiserum. In
these cases, we found that PrP* immunoreactivity was
detected in astrocytes, not in neuronal cells (Fig. 2. B, D
atrows). These results demonstrate that the two patients
were diagnosed with CJD.
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Fig. 3. Nucleotide sequence of PrP open reading frame in a healthy Korean. The underlined sequences indicate DNA sequencing

primer and the site of point mutation with familial CJD and GSS patient.

< 738
<« 514

< 224

Fig. 4. Restriction analysis of PrP ORF with Tth111l-digestion.
The enzyme Tth111l cleaves the 738bp PCR fragments of
normal allele into two smaller fragments of 514bp and 224bp.
Lane 1, 100bp DNA ladder marker. Lane 2, PCR product. Lane
3, the Tth111l-digested PCR product from control. Lane 4, 5,
the Tth111l-digested PCR products from the two patients.

Analysis of DNA sequence of PrP ORF in a healthy
Korean and two clinically diagnosed CJD patients

The complete structure and full sequence of the hu-
man PrP gene have been determined (10). Familial type
of CJD was linked to several point mutations at codon
178 (GAC—AAQ), 180 (GTC—ATC), 200 (GAG—AAG),
210 (GTT—ATT) and 232 (ATG—AAG). Thus, we ex-
amined the first full sequence of PtP ORF in a healthy
Korean using DNA sequencing. PrP gene in the Korean
exhibited octapeptide tepeat sequence and observed same
sequences compared to data of foreignets (Fig. 3). RFLP
and DNA sequencing of PRNP ORP wete cartried out
in two Kotean patients who wete clinically diagnosed
with CJD. At fitst, to identify the codon 178 mutation,
we petformed a T#h111 I digestion of the PCR product.
A wild type of the PCR product was then cut into 514
and 224 bp, while a mutant type abolished the 75111
I restriction site. Patterns of 77111 I digestion (Fig. 4)
showed that both patients had no mutations at codon
178. We sequenced the ORF of PP gene from the two
patients to identify the familial type of CJD. The point
mutations at codon 178, 180, 200, 210, and 232 wete
not observed: GAC (Asp) at codon 178, GTC (Val) at
codon 180, GAG (Glu) at codon 200, GTT (Val) at co-
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Fig. 5. DNA sequence pattern of the subcloned PrP gene of
patients at codon 178 (A), 180 (A), 200 (B), 210 (C) and 232
(D). Point mutations at codon 178 (GAC—AAC), codon 180
(GTC—ATC), codon 200 (GAG—AAG), codon 210 (GTT—ATT),
and codon 232 (ATG—AAG) were linked to familial CJD.

don 210, and ATG (Met) at codon 232 (Fig. 5). Accord-
ing to these results, point mutations of PrP ORF were
not found in the two Kotean patients. These results
indicate that both patients had the sporadic type of CJD,
but not familial type.

DISCUSSION

Recently, five cases of CJD have been repotted in
Korea (24-27). All of them were based on only clinical
symptomns, elctroencephalograph (EEG), and pathological
findings. In this study, we described the clinical features
and histopathological and genetic evaluation of sporadic
CJDs. The clinical features of the two patients are rapid
course, rapidly progressive dementia, visual distutbance,
gait disturbance, myoclonus, mute, and bed confinement.
Clinical findings in out cases ate similar to those of spo-
radic or familial type previously reported (6, 28). The de-
tailed histopathological studies demonstrate the presence
of a lesion charactetized by spongiform neurodegeration
and reactive astrocytosis. PrP™ is synthesized from the
normal cellular isoform, PrP®, by posttranslational proc-
ess. PrP™ is partially digested by proteases to form a frag-
ment designated PrP27-30. On the other hand, PrP is
completely degraded under the same condition (29). And
PrP* selectively accumulates in astrocytes during the
progress of prion disorders (30). The etiology of CJD
remains unclear, but it may involve spontaneous conver-
sion of PtP“ to PrP* or PRNP mutations. In immuno-
histochemistry, our cases show the expression of PrP* in
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astrocytes, however these findings were not exhibited in
normal controls (data not shown). Recently, PtP gene
sequences were well known in humans. We analysed the
first ORF of PRNP in Koreans. The result showed the
same sequences found in published data (10). There are
several reports of mutations in the familial types of hu-
man ption diseases. For example, familial type of CJD
was linked to insettion of vatiable numbers of octapep-
tide repeats and mutations at codon 178, 180, 200, 210,
ot 232. These two kinds of mutations have been reported
in many families of CJD. The first group is insettion mu-
tation of octapeptide repeats in a Japanese (31) and two
Americans (32, 33). The second group is the point muta-
tions: codon 178 in a Finnish, two French, a Dutch, a
Canadian (34), and a Hungarian (35); codon 180 in two
Japanese families (14); codon 200 in a English (36), three
Japanese (17), and a German (37); codon 210 in five Ital-
ians (20) and a French family (21); codon 232 in three
Japanese families (14). In our studies, point mutations of
codon 178, 180, 200, 210, and 232 and insertion muta-
tion of octapeptide tepeat were not found in these pa-
tients. FFI, another familial prion disotder, was clinically
distinguishable from CJD because of the ptesence of
insomnia. Point mutation of PRNP at codon D178N-
M129 was genetically diagnosed as FFI, while point mu-
tation of PRNP at colon D178N-V129 was diagnosed
as familial CJD (13). PrP gene of Korean patients appears
at D178-M129. Thus, this result indicates that both pa-
dents wete not FFI and familial CJD. GSS was related
to mutation at codon P102L, P105L, A117V, T145Stop,
P198S, or G217A (14, 38-42). Also, point mutation of
these wete not present in Kotrean patients. These results
show that both patients were a sporadic CJD, but not
familial CJD, nor FFI, GSS.
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