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Introduction

Inherited prion diseases (IPD) are a group of rare autoso-
mal dominant, neurodegenerative and fatal diseases caused by 
mutations in the prion protein gene (PRNP). They constitute 
up to 15% of all prion diseases. The major IPD phenotypes 
include familial Creutzfeldt-Jakob disease (fCJD), fatal famil-
ial insomnia (FFI) and Gertsmann-Sträussler-Scheinker disease 
(GSS). Most IPD cases are caused by point mutations and pre-
mature stop codon mutations, but a minority of mutations are 
insertions of extra octapetide repeats (OPRI) in the N-terminal 
region of PRNP. Insertions of 4 to 12 OPRI, also known as 
base pair insertions (BPIs), lead to heterogeneous phenotypes.1-4 
These phenotypes include progressive and varying degrees of 
early-onset cognitive decline/dementia; movement disorders, 
e.g., parkinsonism, chorea; ataxia; pyramidal symptoms; apha-
sia; seizures; and psychiatric symptoms/behavioral distur-
bances. The rarity of PRNP mutations with extra OPRI has 
limited understanding of genotype-phenotype correlations and 
the polymorphisms modulating disease expression.

Only four families affected by IPD with 8-OPRIs (192 bp) 
have been reported. Two of them were unrelated French fami-
lies (M-E and Che families) displaying some features of GSS.5-8 
The third family was a Dutch kindred (A family) displaying 
predominantly hypokinesia and dementia.9 The fourth family 
was a 3 generation Swedish kindred in which 4 of 7 affected 
subjects had chorea, initially attributed to Huntington’s disease 
(HD). Following the exclusion of HD in this kindred10 and 
after identifying the PRNP gene mutation11 this phenotype was 
labeled Huntington disease-like 1 (HDL1).12 HDL1, which can 
be more accurately referred to as IPD with 8-OPRI, consists of 
rapidly progressive early-onset cortical dementia, various move-
ment disorders, and psychiatric symptoms.10-12

The neuropathological features of IPD with 8-OPRI include 
varying degrees of spongiosis, cell loss, and astrocytosis in dif-
ferent areas of the brain,7,9,10 and the presence of prion pro-
tein (PrP) plaques in the cerebellum.8,13,14 Brain homogenates 
from one subject in each of the Che and M-E families were 
injected into monkeys.7,8 Only in the first case was transmission 
achieved7
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a minority of inherited prion diseases (IPD) are caused by four to 12 extra octapeptide repeat insertions (OPRI) in the 
prion protein gene (PRNP). Only four families affected by IPD with 8-OPRI have been reported, one of them was a three-
generation swedish kindred in which four of seven affected subjects had chorea which was initially attributed to hun-
tington’s disease (hD). Following the exclusion of hD, this phenotype was labeled Huntington disease-like 1 (HDL1). here, 
we provide an update on the swedish 8-OPRI family, describe the clinical features of one of its affected members with 
video-recordings, compare the four 8-OPRI families and study the effect of PRNP polymorphic codon 129 and gender on 
phenotype. surprisingly, the swedish kindred displayed the longest survival of all of the 8-OPRI families with a mean of 
15.1 years from onset of symptoms. subjects with PRNP polymorphic codon 129M in the mutated allele had significantly 
earlier age of onset, longer survival and earlier age of death than 129V subjects. homozygous 129MM had earlier age 
of onset than 129VV. Females had a significantly earlier age of onset and earlier age of death than males. Up to 50% of 
variability in age of onset was conferred by the combined effect of PRNP polymorphic codon 129 and gender. an inverse 
correlation between early age of onset and long survival was found for this mutation.
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Here we provide an update on the Swedish kindred affected 
by an IPD with 8-OPRI and describe the clinical features of 
one of its affected members with video recordings. Based on this 
update, we review and compare the features of 4 reported families 
with this mutation, and analyze the effect of PRNP polymorphic 
codon 129, a well-known susceptibility factor for prion diseases, 
on disease phenotype.

Results

Case presentation of one member of a Swedish kindred 
affected by IPD with 8-OPRI and update on the Swedish 
family

The subject presented here was born in 1959 and has been 
described previously as III:3.10 His mother was also affected by 
HDL1. The subject was adopted at the age of 3 and was in normal 
health until the age of 29. He then developed insidious personal-
ity changes, severe apathy, cognitive decline and bizarre behavior. 
He often talked incoherently to himself and displayed aggression 

toward inanimate objects. Three years later he developed dys-
praxia, urinary incontinence, short-term memory impairment, 
and his speech was limited to short answers. Gait difficulties 
were evident although chorea was not documented. A CT-scan 
of the brain revealed general atrophy with particularly reduced 
volume in the temporal lobes. At the age of 34 he was admitted 
to a psychiatric ward due to his aggressive behavior. He had then 
developed severe dementia with expressive aphasia, dysphagia and 
seizures. The subject was treated with tetrabenazine, although 
documentation of the rationale for this decision is not available. 
He was also treated with carbamazepine and zuclopentixol. A 
stooped posture with antecollis, bradykinesia and rigidity were 
evident, and may have been due to neuroleptic medication (see 
Video S1). It is possible that this medication may have prevented 
the appearance of chorea. No 123I-ioflupane SPECT scan was per-
formed but a HMPAO-SPECT scan showed marked reduction 
of blood flow in both parietotemporal areas. EEG showed gen-
eralized slowing with a 2–4 Hz frequency. When his aggressive 
behavior waned he was transferred to a nursing home. Gradually 
he became wheelchair-bound and progressed into a state of aki-
netic mutism with generalized spasticity. In the last stages of dis-
ease he had frequent seizures until dying of pneumonia at the age 
of 48. Genetic test in this subject and in subjects III:1, III:8 and 
III:10 revealed an insertion of 8-OPRI in the PRNP gene and 
homozygosity—MM —at codon 129. At the time of the first 
description of the Swedish family affected by IPD with 8-OPRI10 
three of the seven affected subjects were alive; now all subjects are 
deceased (Table 1).

Comparison between 8-OPRI families
Age of onset
The mean age of onset (SD) for the Swedish kindred was 29.7 

y (±5.4 y) (Fig. 1; Table 2). ANOVA revealed a significant differ-
ence between the families, post hoc comparisons using the Tukey 
HSD test revealed significantly (P = 0.026) earlier mean age of 
onset (SD) in the Swedish family which was 29.7 y (±5.4 y), when 
compared with the Che (43.3 ± 6.8 y), and A (43.3 ± 12.4 y) 
families, but not with the M-E family (31.8 ± 7.0 y) (P = 0.95).

Age of disease onset at less than 30 y was significantly associ-
ated with longer disease duration across the four families (log-
rank test P < 0.001) as seen in Figure 2A and B.

Table 1. age of onset and disease duration in the swedish family affected by IPD with 8-OPRI

Nr in pedigree Gender
Age of onset/Age 

of death, years
Disease 

duration, years
PRNP polymorphic codon 

129 (mutated allele)
PRNP polymorphic 

codon 129 (both alleles)

I:2 M 41/52 11 M M-

II:2 F 28/42 14 M M-

II:6 F 29/43 14 M M-

III:1 F 23/46 23 M MM

III:3 M 29/48 19 M MM

III:8 F 29/42 12 M MM

III:10 M 29/41 12 M MM

III, 3 is the subject reported here; M, inferred polymorphism.

Figure  1. age of onset with mean and sD in the four 8-OPRI families. 
*P = 0.026 only when compared with the a and che families.
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Early age of onset correlated inversely with long disease dura-
tion only when data from the Swedish family was added to the 
calculation (Fig. 3). This Pearson correlation was performed for 
deceased subjects, age of onset in years vs. disease duration in 
years, and yielded r = – 0.642 (P < 0.001).

Disease duration
The mean disease duration (SD) of the Swedish family was 

15.1 y (± 4.3 y) (Fig. 4; Table 2). Survival ranged from 11–23 y  
in the Swedish family and from 0.3 to 13 y in the other 3 8-OPRI 
families combined. ANOVA revealed a significant difference 
between the families, post hoc comparisons using the Tukey HSD 
test revealed that the Swedish kindred had the longest survival of 
all the 4 8-OPRI families (P = 0.004, Fig. 2A). This long survival 
occurred despite the fact that 2 of the affected with the longest 
disease duration (19–23 y) were homozygous at codon 129 -MM- 
in the PRNP gene. Two more-affected in the Swedish kindred 
were MM and with survivals of 12 and 13 y respectively (Table 2).

Six subjects (2 in the A family and 4 in M-E family) were still 
alive at the time of the respective publications and their disease 
duration was reported as >2 to >12 y.8,9 Update on the other fami-
lies’ survival was not possible to obtain.

Age of death
The mean age of death for the Swedish family was 44.9 y  

(±4.0). In the four families combined the mean age of death was 
45.5 y (±6.9) (Fig. 5; Table 2). ANOVA revealed significant dif-
ferences between the families. Post hoc comparisons using the 
Tukey HSD test revealed that mean age of death was earlier 
in the M-E family, 40.6 y (±4.8), than in the A family, 53.6 y  
(±3.9) (P = 0.009). Age of death was not significantly correlated 
with disease duration.

PRNP polymorphic codon 129
Subjects with PRNP polymorphic codon 129M in the 

mutated allele had significantly earlier age of onset, longer 

survival and earlier age of death than 129V subjects (Table 3). 
Homozygous MM at codon 129 (n = 8) displayed an earlier age 
of onset than VV homozygous (n = 2) (mean 26.4 y vs. 41.5 
y; P < 0.001). Of note, the case with the earliest age of onset,  
21 y, was a heterozygous male, 129VM, in the A family.9 Missing 
information on survival and age of death for the 2 129VV subjects 
precluded further comparisons with 129MM. Age of onset, 
survival and age of death did not significantly differ between 
129M females and 129M males but 129V females (n = 3) had 
earlier mean age of onset (SD) than males (n = 9) which were 32 y 
(5.5) vs. 47.1 y (2.0), respectively (P = 0.0085). We also compared 
the 8-OPRI 129MM cases with their counterparts harboring the 
following mutations: E200K mutation; P102L mutation; and 
IPD with 6-OPRI. This comparison was done by performing 
ANOVA (Table 4). E200K causes fCJD and is the most common 
conventional PRPN mutation. The P102L mutation was included 
in this analysis since it is a classic example of GSS15 which 
shares clinical and neuropathological similarities with 8-OPRI 
associated IPD. IPD with 6-OPRI is the most common IPD with 
extra OPRI. Age of onset and disease duration were compared 
after performing Bonferroni correction for multiple testing which 
yielded a new α of 0.008 (Table 5). Age of onset was significantly 
earlier in IPD with 6-OPRI and 8-OPRI when compared with 
subjects with the E200K and P102L mutations (P < 0.001 in all 4 
comparisons). GSS caused by P102L had earlier age of onset than 
E200K (P = 0.005) while IPD with 8-OPRI also had earlier age of 
onset than 6-OPRI, however this difference was not statistically 
significant (P = 0.02). Subjects affected by IPD with 6-OPRI 
had significantly longer survival than E200K and P102L subjects  
(P < 0.001 in both cases). In turn, IPD with 8-OPRI subjects had 
a longer survival than E200K subjects (P = 0.008), this difference 
was border-line significant. The longer survival among 8-OPRI 

Table 2. comparison of 4 8-OPRI families

A family Che family M-E family Swedish family All the families

n (females; males) 6 (2;4) 6 (1;5) 11 (7; 4) 7 (4;3) 30 (14; 16)

PRNP polymorphic codon 129 
in mutated allele (n) 129V6 129V6 129M11 129M7 129V,12 129M18

PRNP polymorphic codon 
129 in both alleles (nr of 

homozygous and heterozygous)

2 pol 129VV 1 pol 
129 VM

Na 4 pol 129MM 4 pol 129 MM
1 pol 129 VM 
2 pol 129VV 

8 pol 129 MM

Age of onset, 
mean in years; sD 

(range; missing values)

43.3; 12.4  
(21–54; 0)

43.3; 6.8 
(35–54; 0)

31.8; 7.0  
(21–43; 1)

29.7; 5.4 
(23–41; 0)

36.1; 6.6 
(21-54; 1)

Disease duration,mean in 
years; sD (range; number for 

which information is available; 
missing values; still alive at the 

time of publication)

3.6; 2.6 
(0.4–6a; 4; 0; 2)

3.3; 4.9 
(0.3–13; 6; 0; 0)

3.4; 2.3 
(1.3–7b; 6; 1; 4)

15.1; 4.3 
(11–23; 7; 0; 0)

6.9; 6.6 
(0.3–23; 23; 1; 6)

Age of death, 
mean in years; sD (range; n)

53.6; 3.9 
(50.4–59; 4)

46.6; 8.7 
(35.3–56; 6)

40.6; 4.8 
(35-47;7)

44.9; 4.0 
(41–52; 7)

45.5; 6.9 
(35-59; 24)

aTwo subjects were still alive at the time of report publication more than 1 and two years after disease onset. bOne subject was still alive more than 12 y after 
symptom onset. Disease duration is the longest of all the reported IPD families with 8-OPRI (P < 0.001).
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subjects when compared with P102L and 6-OPRI subjects was 
not statistically significant.

Gender
The mean age of onset was 9.5 y earlier among females than 

males (P < 0.001). The mean age of death was 7.8 y earlier among 
females (P < 0.001). Disease duration did not significantly differ 
between males and females (Table 6).

Regression models
Multiple linear regression revealed that both PRNP polymor-

phic codon 129 (P = 0.002) and gender (P = 0.037) combined 
conferred up to 50% of variability in age of onset (Table 7). In 
one model, PRNP polymorphic codon 129 was found to confer 
25.3% of variability in survival (P = 0.024) after correcting for 
gender (Table 8). Additional regression models revealed that age 
of onset conferred 48% of variability in survival (P = 0.010) and 
54.6% of variability in age of death (P = 0.026) after correcting 
for PRNP polymorphic codon 129 and gender (Tables 9 and 10).

Clinical features in IPD with 8-OPRI
Disease onset was studied in the four families affected by 

IPD with 8-OPRI. Information on symptom onset was available 
in 22/30 cases. Psychiatric symptoms/behavioral disturbances 
alone at disease onset were present in 27% of cases while a move-
ment disorder alone was reported in 22% of cases and cognitive 
decline alone in 9% of cases. A combination of psychiatric symp-
toms and cognitive decline together at disease onset was reported 
in 18%, while a movement disorder and psychiatric symptoms at 
onset were reported in 14%. Psychiatric, symptoms, movement 
disorders and cognitive decline together were reported in 14% 
of cases.

During the course of the disease, psychiatric features com-
monly included personality changes and a wide variety of 
symptoms such as manias, perseveration, aggressive behavior, 
emotional lability and in some cases psychotic symptoms, anxi-
ety and depression. Aggressive behavior was reported in 30% and 
psychotic symptoms in 13% of all cases during the course of dis-
ease. Authors reported “unsteadiness, gait difficulties and coor-
dination problems” as the presenting symptom which suggests 
ataxia. Ataxia was present in 50% of cases during in the course of 
disease, followed by parkinsonism (43%), myoclonus (20%) and 
rarely chorea (13%). Chorea was described in 4 subjects from the 
Swedish family only. It was not possible to discriminate whether 
parkinsonism was caused by medication or was part of the natu-
ral history of the disease. The presence of ataxia and other move-
ment disorders together were reported in 25% of cases. Other 
neurological features included dysarthria, apraxia, aphasia, 
frontal release signs, seizures, urine incontinence and pyramidal 
abnormalities. Progressive cognitive decline eventually leading to 
dementia was present at some point in the course of disease in all 
of the 22 cases and appears to be a universal feature. Information 
on this feature was not reported in the remaining 8 subjects.

Imaging modalities included mostly CT-scans and MRI of the 
brain. These displayed varying degrees of cerebral and/or cerebel-
lar atrophy, in one case hyperintensities of the basal ganglia were 
described.9 Only two 8-OPRI cases were studied with SPECT, 
one is described in the present study. EEG was performed on 
13/30: 5 displayed slow activity, di and/or triphasic waves was 
reported in 4 subjects, 2 displayed “encephalopathic findings,” 1 
had pseudo-rhythmic appearance and 1 had irregular paroxysmal 
discharges. Determination of 14-3-3 levels in the CSF was not 
performed in the Swedish family, nor were they reported to have 
been performed in the other three families.

Figure  2. (A) Kaplan-Meier survival curve for the 4 8-OPRI fami-
lies. The swedish family had the longest survival (log-rank test with  
P value = 0.004). (B) Kaplan-Meier survival curve when early age of onset 
is set as less than 30 y (log-rank test with P value < 0.001).
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Of note, early prodromal symptoms, originating in child-
hood, were reported in the M-E family. One subject displayed 
aggressiveness at the age of 13 as well as early learning disabilities 
and clumsiness. Two more individuals from the same family also 
displayed early learning disabilities.8 We did not find evidence 
of premorbid features in the Swedish family or in the other two 
8-OPRI families. Anticipation is suggested in the A and M-E 
families only.

Cause of death was reported in 10 cases: 3 died of pneumonia, 
3 died of hyperthermia, 2 of cachexia, 1 of tuberculosis and 1 of 
myocardial infarction. All the three subjects who died of hyper-
thermia belonged to the M-E family.8

Discussion and Conclusion

We provide an update on the Swedish family affected by IPD 
with 8-OPRI and a video case displaying the major phenotype 
features. There are only two 8-OPRI cases where functional 
imaging—HMPAO-SPECT scan—has been reported. An 
HMPAO-SPECT in a subject from the A family had reduced 
cortical perfusion, and her MRI showed diffuse cortical and 
cerebellar atrophy.9 The same modality in the case we describe 
here displayed a marked bilateral reduction of blood flow in 
atrophied parietotemporal areas. This abnormality resembles 
what is typically seen in Alzheimer disease.16,17

The Swedish kindred affected by IPD with 8-OPRI displayed 
the longest survival of all four described families. Another strik-
ing finding was a significant inverse correlation between early 
age of onset and long disease duration, a pattern that has been 
described in a large British 6-OPRI kindred18 and in sporadic 
prion diseases.19 This inverse correlation in IPD with 6- and 
8-OPRI can be contrasted with what is seen in HD and kuru 
where a direct correlation between early age of onset and shorter 

survival has been described.20,21 Similar to IPD with 6-OPRI, 
age of onset was not correlated with age of death.18

Both PRNP polymorphic codon 129 and gender combined 
conferred up to 50% of variability in age of onset but did not 
have a significant effect in the variability of survival or age of 
death. The effect of PRNP polymorphic codon 129 resembles 
again what was found for IPD with 6-OPRI.18 Furthermore, 
PRNP polymorphic codon 129 was found to confer 25.3% of 
variability in survival after correcting for gender. Age of onset, 
on the other hand, conferred 48% and 54.6% of the variability 
of survival and age of death, respectively, after correcting for 
PRNP polymorphic codon 129 and gender.

129M subjects had significantly earlier age of onset, lon-
ger survival and earlier age of death than 129V. In contrast to 
what Goldfarb reported for IPD with extra OPRIS, we found 
that 129V subjects had a shorter survival than 129M subjects.22 

Figure 4. Disease duration with mean and sD in the 4 8-OPRI families. ** 
P = 0.004 when compared with all the 3 families.

Figure  5. age of death with mean and sD in the 4 8-OPRI families. 
**P = 0.009 only when compared with the a family.

Figure  3. Pearson correlation for early age of onset and long survival 
(n = 23) with r = –0.642 and P value < 0.001.
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Homozygous129MM in this small sample size had an earlier 
age of onset than 129VV. Again, the scarcity of heterozygous 
cases precludes further comparisons with homozygous cases, 
but we found a remarkable modulation of PRNP polymorphic 
codon129 on age on onset and disease duration.

Age of onset among 129MM 8-OPRI subjects was signifi-
cantly earlier than their counterparts affected by fCJD caused 
by the E200K mutation, GSS caused by P102L mutation and 
IPD with 6-OPRI. These findings provide strong counterevi-
dence to previous reports in which larger OPRI were associated 
with shorter survival.23 Survival was also longer among 8-OPRI 
129MM subjects than for fCJD subjects harboring the E200K 
mutation. Survival was not significantly longer among 8-OPRI 

129MM subjects when compared with 6-OPRI and E200K 
counterparts. However, this difference is in our opinion clini-
cally important (5.4 respectively 12.2 y), particularly when con-
sidering the possible future use of neuroprotective treatments.

Females had earlier age of onset and age of death than males 
(mean difference 9.8 y and 7.8 y, respectively). This difference 
was more striking than in vCJD (which had a mean difference 
of 9.5 and 2 y, respectively).24 The role of gender in prion dis-
eases has otherwise yielded contradicting results, for instance 
females had longer survival in sporadic prion disease19 but not 
in IPD with 8-OPRI as shown here. Similarly to IPD with 
8-OPRIs, individuals affected by vCJD display both younger 
age of onset and longer disease duration when compared with 

Table 5. comparison of homozygous 129MM in 3 IPD-e200K, IPD with 6-OPRI, and IPD with 8-OPRI

Homozygous 129MM
Compared PRNP 
mutation types

Mean difference, years (95% CI) t statistics P value

age of onset

e200K and P102L 12 (3.5, 20.5)e 2.9 0.005*

e200K and 6-OPRI 26.6 (18.6, 34.6)u 8.1 <0.001*

e200K and 8-OPRI 31.6 (20.3,42.9)u 9.6 <0.001*

P102L and 6-OPRI 14.6 (7.2, 21.9)u 5.1 <0.001*

P102L and 8-OPRI 19.6 (8.7 30.5)u 6.8 <0.001*

6-OPRI and 8-OPRI 5.0 (-5.4, 15.5)e 2.4 0.02

Disease duration

e200K and P102L −3.9 (−7.1, −0.8)u −7.5 <0.001*

e200K and 6-OPRI −10.8 (−13.8, −7.9)u −10.2 <0.001*

e200K and 8-OPRI −16.2 (−21.1, −11.3)u −6.2 0.008

P102L and 6-OPRI −6.9 (−9.9, −3.8)u −5.8 <0.001*

P102L and 8-OPRI −12.2 (−17.2, −7.3)u −4.6 0.02

6-OPRI and 8-OPRI −5.4 (−10.2, −0.5)e −2.1 0.05

eequal variance, uunequal variance. *significant P value, new α = 0.008 after Bonferroni correction.

Table 3. Differences based on PRNP polymorphic codon 129 in the mutated allele

129M 129V Mean difference in years P value and 95% CI

Age of onset mean in years, (n) 30.9 (17) 43.3 (12) 12.3 0.0002*; – 18.41 to – 6.371

Disease duration mean in years (n) 9.7 (13) 3.3 (10) 6.4 0.0170*; 1.262 to 11.53

Age of death mean in years (n) 42.7 (14) 49.4 (10) 6.7 0.0154*; – 12.00 to – 1.408

*significant value based on the student t test at P < 0.05.

Table 4. aNOVa for age of onset and disease duration for homozygous 129MM in three IPD: e200K, 6-OPRI and 8-OPRI

E200K P102L 6-OPRI 8-OPRI P value

Age of onset  
number of cases, mean in years (sD)

17 
58 (12.8)

22 
46 (12.4)

30 
31.4 (5.7)

8 
26.4 (3.2)

P < 0.001 
(F3,73 statistics = 35.2)

Disease duration  
number of cases, mean in years (sD)

17 
0.6 (0.3)*

15 
4.5 (2.0)*

19 
11.4 (4.6) *

4 
16.8 (5.2)

P < 0.001 
(F3,51 statistics = 49.6)

Information obtained from Mead et al.18 other than that denoted by * which was provided by personal communication also with Professor simon Mead.
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sCJD.25 There is, however, an important survival difference 
with 8-OPRI associated IPD; the median survival time for 
vCJD is only 1.1 y.19

Both age of onset and survival for IPD with 8-OPRIs reported 
here differ substantially from those estimated by Kovács, being 
39 y and 3 y, respectively, in a comprehensive review in which 
data from the Swedish family was not included.23 In his analy-
sis, Kovács included the other 3 8-OPRI families (Che, A, and 
M-E).7-9 Our observations should be qualified by the complex 
effect of PRNP polymorphic codon 129 and the scarcity of avail-
able data on heterozygotes.

It is unknown how PRNP mutations with additional OPRI 
arise, the result of an unequal recombination phenomenon 
has been proposed.6,18 The tandem repeat region, represented 
by R1-R2-R2-R3-R4, spans between codons 51 and 91 in the 
PRNP gene. R1 encodes a nonapeptide while R2-R4 encode 
octapetides.6,26 Additional OPRI in the reported 8-OPRI fami-
lies display two silent nucleotide substitutions designated as R2a 
and R3g. The insertion sites of additional OPRI are the same 
only for the M-E and Che families, their order differ in the 
Swedish and A family (Table 11). Despite these differences, the 
amino acid sequence of R2-R4 OPRI in all four families will 
remain the same (PHGGGWGQ). Thus, the only difference in 
terms of protein structure is still the PRNP polymorphic codon 
129 as previously observed by Laplanche when he compared the 
M-E family with the Che and A families.8

Also unknown is the mechanism of disease in IPD with addi-
tional OPRI. The tandem OPRI sequences were initially believed 
to lack a role in PrP misfolding since mice expressing prion pro-
teins devoid of 4 and 5 OPRI were able to sustain disease upon 

transmission in a model of scrapie.27,28 However, incubation time 
for the transgene animals was longer and the neuropathology 
milder than in wild-type animals.28 There is though evidence 
supporting a role of additional OPRI in the pathogenesis of 
IPD. For instance, Leliveld suggested that the wild-type OPRI 
sequences act as reversible copper-dependent switch of prion 
conformation,29 this switch function was suggested to become 
irreversible with additional OPRI.29 Additional OPRI were also 
found to increase the rate of protease-resistant prion formation30 
and to reinforce PrP misfolding.31

Psychiatric symptoms alone, movement disorders alone, and a 
combination of psychiatric symptoms with cognitive decline, are 
the most common features of disease onset in IPD with 8-OPRI. 
Also similar to IPD with 6-OPRI is the universal feature of pro-
gressive cognitive decline leading to dementia. It is otherwise dif-
ficult to associate 129M and 129V with the other main features 
of this mutation, neurological and psychiatric, since different 
authors emphasized various aspects of this heterogeneous disor-
der. Laplanche, for instance, emphasized the psychiatric features 
of the M-E family but the same family’s phenotype was labeled 
as GSS in the original description.5,8 This is not a coincidence 
since ataxia is the most common movement disorder in IPD with 
8-OPRI. Similarity with GSS was also mentioned by Goldfarb7; 
van Gool et al. emphasized the cognitive deficits and Xiang 
the features resembling Huntington’s disease.9,10 Atrophy of the 
caudate nucleus was seen in 3/4 of the choreic subjects in the 
Swedish family,10 this abnormality likely contributed to uphold 
the suspicion of HD.

OMIM includes HDL1 as a prion disease phenotype of its 
own,12 however given the wide expressivity of IPD with 8-OPRI 

Table 6. Gender differences in IPD with8-OPRI

Males Females Mean difference in years P value and 95% CI

age of onset mean in years (n) 40.4 (16) 30.7 (13) 9.8 0.0057*; 3.094 to 16.40

Disease duration mean in years (n) 6.1 (14) 8.3 (9) 2.3 0.4351; – 8.158 to 3.643

age of death mean in years (n) 48.8 (14) 41.0 (10) 7.8 0.0037*; 2.824 to 12.80

*significant value based on the student t test at P < 0.05.

Table 8. Regression model for disease duration (dependent variable) in IPD with 8-OPRI

Independent variables Coefficient (β) 95% CI P value

PRNP polymorphic codon 129  −0.56 −13.36 to −1.06 0.024*

Gender 0.12 −4.67 to 7.82 0.605

R2 = 25.3%.

Table 7. Regression model for age of onset (dependent variable) in IPD with 8-OPRI

Independent variables Coefficient (β) 95% CI P value

PRNP polymorphic codon 129 0.52 4.26–16.24 0.002*

Gender 0.33 0.414–12.28 0.0037*

R2 = 50%.
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and the wide intrafamilial variation, the HDL1 term may be 
inappropriate and misleading. For instance, ataxia but not cho-
rea was the most common movement disorder described for this 
mutation. Second, chorea was not a universal trait in the Swedish 
kindred, but was described in 4/7 individuals. The subject from 
the Swedish family we describe here exhibited rather parkinso-
nian features but was not clearly documented as having chorea. 
Whether this parkinsonism was induced or aggravated by neuro-
leptics remains unclear. Finally, chorea is not an uncommon fea-
ture in other OPRI-associated prion diseases or in sporadic prion 
diseases. This is illustrated by the fact that some individuals from 
the large English 6-OPRI kindred were diagnosed with clinical 
HD.18,32 Other disadvantages of using the HDL term have been 
summarized by Walker.33 Using the term IPD followed by the 
mutation34 or OPRI-associated prion disease or prion encepha-
lopathy with OPRIs would appear to be more suitable terms.13

A premorbid personality disorder has been described for some 
IPD cases.18,34 The striking presence of early learning disabilities 
in three subjects from the M-E kindred, aggressiveness and pro-
longed psychiatric symptoms seem to support this observation.8 
We did not find evidence of premorbid features in the other IPD 
families with 8-OPRI. Another interesting finding in the M-E 
family is the fact that three affected subjects died of hyperthermia. 
A neuropathological study in one of these individuals displayed 

marked spongiosis in the thalamus.8 This abnormality and the 
suggestion of dysautonomia resemble the features of FFI.35

The differential diagnosis of OPRI-associated IPD is broad 
and includes sporadic and acquired prion diseases as well as 
familial and sporadic disorders with early-onset dementia like 
HD, spinocerebellar ataxias caused by CAG expansions (poly-Q 
SCA), dentatorubropallidoluysian atrophy (DRPLA), MAPT-
related disorders and familial Alzheimer disease.2,18 The MAPT-
related disorders encompass frontotemporal dementia with 
or without parkinsonism linked to chromosome 17 (FTDP-
17), progressive supranuclear palsy (PSP) and corticobasal 
degeneration.36

Despite our findings, questions remain regarding genotype-
phenotype associations for IPD with 8-OPRI. For instance, it is 
still unclear what determines the striking gender differences we 
found as well as the wide phenotype heterogeneity documented 
so far and a premorbid personality disorder in some cases. Other 
disease-modifying factors for IPD with 8-OPRI, such as poly-
morphisms other than PRPN polymorphic codon 129, remain 
to be studied as well. Whether differences in symptomatic treat-
ment and/or care may have influenced the remarkable survival 
differences in the four 8-OPRI families is also unknown. Two 
other unclear aspects of disease are the progression rate and the 
suggestion of anticipation. Progression rate cannot be assessed in 

Table 9. Regression models for disease duration in IPD with 8-OPRI

Independent variables Coefficient (β) 95% CI P value

PRNP polymorphic codon 129 −0.1 −8.11 to 5.52 0.69

Gender 0.32 −1.45 to 9.87 0.14

age of onset −0.76 −0.94 to −0.15 0.01*

R2 = 48%

Table 10. Regression models for age of death in IPD with 8-OPRI

Independent variables Coefficient (β) 95% CI P value

PRNP polymorphic codon 129 0.09 8.11 to 5.52 0.69

Gender 0.30 1.45 to 9.97 0.14

age of onset 0.59 0.06 to 0.85 0.026*

R2 = 54.6%

Table 11. structure of the OPRI region in a normal case and in the 4 8-OPRI families

Family OPRI region Codon 129 in the PRNP gene

Wild-type R1-R2-R2-R3-R4 M or V

Che R1-R2-R2-R3-R2-R2-R2-R2-R2-R2-R2-R2a-R4 V

M-E R1-R2-R2-R3-R2-R2-R2-R2a-R2-R2-R2-R3-R4 M

A R1-R2-R2-R3g-R3-R2-R2-R2-R2-R2-R2-R3-R4 V

Swedish R1-R2-R2-R3g-R2-R2-R2-R3g-R3g-R2-R2-R3-R4 M

R1 encodes a nonapeptide, R2-R4 encode octapetides of similar amino acid sequence and structure. additional repeats are in bold, R2a and R3g case are 
variants of R2 and R3 with a silent amino acid substitution in each.7-10
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the published work on this mutation. Anticipation is suggested 
in the A and M-E families but the sample size in every genera-
tion is again too small to make firm conclusions. Anticipation 
has otherwise been suggested for fCJD caused by the E200K 
mutation.37 The small size of this sample with missing infor-
mation on genotype and survival for some subjects constitute a 
weakness in our study.

Knowledge regarding the spectrum of OPRI-associated prion 
diseases continues to broaden. The most recently described 
mutation in this subgroup was an insertion of 12 OPRI caus-
ing a FTD-like disorder.3 To further clarify genotype-phenotype 
associations for IPD with extra OPRI as well as rate of disease 
progression additional thorough phenotype characterizations 
using validated tools such as the recently published scale for 
prion diseases,38 functional imaging studies, EEG and biochemi-
cal analysis of neurodegenerative markers in the CSF and plasma 
would be needed. We therefore encourage other researchers and 
clinicians to report cases of IPDs with extra OPRI.

In conclusion, we found an inverse correlation between early 
age of onset and long survival for IPD with 8-OPRI. PRNP 
polymorphic codon 129 and gender have a complex effect on 
this disease’s phenotype. OPRI-associated prion diseases should 
be considered in the differential diagnosis of individuals with a 
family history of early-onset progressive dementia with move-
ment disorders and psychiatric symptoms.

Materials and Methods

The study was approved by the Ethical Review Board in 
Stockholm (Etikprövningsnämnden) and written consent was 
obtained from a next-of-kin.

PCR for the PRNP gene for subjects III:1, III.3, III:8 and 
III:10 in the Swedish family was performed according to the 
details reported by Moore et al.12

Statistical analysis and graphs, survival curves, linear regres-
sion, ANOVA tests and Person’s correlation, were performed 
using SPSS package 20. Significance rates were calculated using 
the two-tailed, unpaired Student’s t test with a value of P < 0.05 
accepted as significant. When the Levene’s test for equality of 

variance was significant (P < 0.05) we have reported the results 
for unequal variance.

Disease duration in all the four families was defined as the 
time elapsed between age of onset and age of death; this defini-
tion was the same in three of the reported 8-OPRI families.7,9,10 
For the M-E family we have used the information provided in 
the publication and applied our definition of disease duration.8 
Updated information on disease duration for 3 subjects of the 
Swedish family (III:3, III:8, and III:10) was obtained from 
chart reviews. Genotype information was available in 24/30 
individuals from the four reported families affected by IPD 
with 8 OPRI.7-10 Genotype data on the remaining 6 subjects was 
missing, 3 belonged to generation I in the A family and 3 to the 
Swedish family (I:2, II:2, and II:6). Genotype on the mutated 
allele for the missing 6 subjects was inferred based on the clinical 
phenotype, course of disease, family history and neuropatho-
logical features. Since affected subjects in generation II in the A 
family were all VV, then those in generation I were inferred to be 
at least 129V. Similarly, in the Swedish family, all the affected in 
generation III were MM which implies that generation I and II 
would have to be 129M in the mutated allele, at least. Phenotype 
information was also obtained from previous publications7-10 and 
from chart reviews (for the case description). Percentage ratios 
are the number of cases displaying a particular clinical feature or 
a combination of features divided by the total number of cases.
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