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Abstract.
Background: Patients presenting with the classical idiopathic normal pressure hydrocephalus (iNPH) triad often show addi-
tional parkinsonian spectrum signs. Accurate differential diagnosis strongly influences the long-term outcome of cerebrospinal
fluid (CSF) shunting.
Objective: The aim of this study was to find potential CSF microRNA (miRNA) biomarkers for NPH mimics with parkin-
sonian syndromes that can reliably distinguish them from iNPH patients.
Methods: Two cohorts of 81 patients (cohort 1, n = 55; cohort 2, n = 26) with possible iNPH who were treated in two centers
between January 2011 and May 2014 were studied. In both cohorts, CSF samples were obtained from patients clinically
diagnosed with iNPH (n = 21 and n = 10, respectively), possible iNPH with parkinsonian spectrum (PS) (n = 18, n = 10,
respectively), possible iNPH with Alzheimer’s disease (AD) (n = 16), and non-affected elderly individuals (NC) (n = 6).
A three-step qRT-PCR analysis of the CSF samples was performed to detect miRNAs that were differentially expressed in
the groups.
Results: The expression of hsa-miR-4274 in CSF was decreased in both cohorts of PS group patients (cohort 1: p < 0.0001,
cohort 2: p < 0.0001), and was able to distinguish PS from iNPH with high accuracy (area under the curve = 0.908). The
CSF concentration of hsa-miR-4274 also correlated with the specific binding ratio of ioflupane (123I) dopamine transporter
scan (r = –0.494, p = 0.044). By contrast, the level of hsa-miR-4274 was significantly increased in the PS group after CSF
diversion.
Conclusion: Levels of CSF hsa-miR-4274 can differentiate PS from patients with iNPH, AD, and NC. This may be clinically
useful for diagnostic purposes and predicting shunt treatment responses.
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INTRODUCTION

Idiopathic normal pressure hydrocephalus (iNPH)
is a chronic neurological disorder primarily affect-
ing the elderly population, and usually presenting
with Hakim’s triad of symptoms (dementia, urinary
incontinence, and gait imbalance) [1, 2]. If not treated
promptly, iNPH can cause significant disability [3,
4]. However, even after timely and careful diagnosis
according to these criteria, the success of treatment
is difficult to predict [5]. Indeed, the clinical pic-
ture of iNPH often overlaps with the symptoms of
other neurodegenerative diseases, including demen-
tias such as Alzheimer’s disease (AD) and dementia
with Lewy bodies, or extrapyramidal spectrum disor-
ders including Parkinson’s disease (PD), progressive
supranuclear palsy (PSP), and corticobasal syndrome
[1, 6]. This is not unexpected given that iNPH is
also considered a neurodegenerative disorder [6–8],
and that symptoms of different neurodegenerative
diseases often coexist. Indeed, these problems can
make precise diagnosis impossible before death and
postmortem analysis. Even then, a coexistence of
multiple types of pathological processes can be found
in the brain [6–13]. Thus, identification of specific
biomarkers is important to improve accurate diag-
nosis and for use of most appropriate treatment
strategies.

Protein biomarkers for AD, such as amyloid-
� (A�), total tau, and phosphorylated tau (p-tau),
are already clinically established [14–16]. Similar
proteins have also been investigated in a num-
ber of studies of on iNPH patients, albeit with
mixed results [17–20]. MicroRNAs (miRNAs) are
small, non-coding RNA molecules that consist of
approximately 19–25 nucleotides. miRNAs act epi-
genetically through posttranscriptional control of
gene expression, mainly by regulating stability and
translation of messenger RNA [21, 22]. In the last
decade, there has been an increasing interest in the
use of miRNAs as biomarkers in different neurode-
generative diseases, including AD, PD, and other
pathological conditions, although findings are often
conflicting [23–28].

To our knowledge, the potential role of miR-
NAs in the diagnosis of NPH mimics combined
with parkinsonian spectrum has not been reported.
Thus, the aim of this study was to characterize
the differential expression of microRNAs in NPH
mimics with parkinsonian spectrum versus iNPH
patients.

METHODS

Patients

Two cohorts of patients with possible iNPH were
studied. The first cohort involved 55 patients with
possible iNPH treated in Juntendo University Hospi-
tal, and the second cohort involved 26 patients treated
in Takasaki General Medical Center, between January
2011 and May 2014. The first cohort was used for the
screening of miRNAs in the CSF. The second cohort
was used for validation of selected miRNAs in the
CSF.

The following criteria were used for possible iNPH
diagnosis: age 60 years or older, with more than one
symptom of the classical iNPH triad (gait distur-
bance, cognitive impairment, urinary incontinence),
MRI findings of ventricular dilation with Evans index
>0.3, clinical symptoms that cannot be explained by
other underlying neurological or non-neurological
diseases, and no obvious preceding diseases possibly
explaining ventricular dilation such as subarach-
noid hemorrhage, meningitis, head injury, congenital
hydrocephalus, or aqueductal stenosis. Patients in the
first cohort were divided into 3 groups. The first group
consisted of 21 patients (5 women, 16 men; median
age of 75 years) with definite iNPH according to the
Japanese guidelines for iNPH [29]. The second group
consisted of 18 patients (6 women, 12 men; median
age of 74 years) with possible iNPH along with an
abnormal cardiac scan according to metaiodoben-
zylguanidine (MIBG) scintigraphy, and/or ioflupane
(123I) dopamine transporter scan (DaTScan) suggest-
ing an extrapyramidal disease (PS group). The third
group consisted of 16 patients (6 women, 10 men;
median age of 81 years) with possible iNPH and
additionally fulfilling National Institute of Neurolog-
ical and Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Associ-
ation (NINCDS-ADRDA) criteria for AD [30], or
having CSF protein biomarkers indicative of AD
pathophysiology (AD group).

Patients in the second cohort were further divided
into 3 groups. The first group consisted of 10 patients
(3 women, 7 men; median age of 78 years) with
iNPH. The second group consisted of 10 patients (5
women, 5 men; median age of 79 years) with PS.
The normal control group (NC) had 6 non-affected
patients (1 woman, 5 men; median age of 73 years).
Scores on the iNPH Grading Scale (iNPHGS) [29,
31], Mini-Mental State Examination (MMSE) [32],
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Table 1
Demographics and test scores of Cohort 1

iNPH PS AD
21 18 16

Age (years) 75 [72∼80] 74 [72∼80] 81 [79∼84]
Sex (female/male) 5/16 6/12 6/10
Evans index (%) 35 [33∼37] 33 [31∼35] 32 [30∼35]
DESH 95% (20/21) 67% (12/18) 25% (4/16)
ARWMCRS 1 [1∼2 ] 1 [0∼1] 1 [1∼1]
Positive tap test 90% (19/21) 44% (8/18) 38% (6/16)
CSF shunt surgery 100% (21/21) 72% (13/18) 25% (4/16)
mRS 2 [2∼2.5] 2 [2∼3] 3 [2∼3]
iNPHGS (G+C+U) 5 [4∼6.5] 5 [3∼6] 7 [6∼8]
MMSE 22 [19.5∼26.5] 22 [17∼27] 18 [11∼21]
FAB 11 [9∼13] 12 [9∼13] 8 [5∼11]

Data are shown as median values with interquartile range or as a
percentage. iNPH, idiopathic normal pressure hydrocephalus; PS,
possible iNPH with parkinsonian spectrum; AD, possible iNPH
with Alzheimer disease; NC, non-affected elderly individuals;
CSF, cerebrospinal fluid; mRS, modified Rankin scale; iNPHGS,
idiopathic normal pressure hydrocephalus grading scale; G+C+U,
gait disturbance + cognitive impairment + urinary dysfunction
score; MMSE, mini-mental state examination; FAB, frontal assess-
ment battery, ARWMCRS, Scale for Age-Related White Matter
Changes; DESH, disproportionately enlarged subarachnoid space
hydrocephalus.

Frontal Assessment Battery (FAB) [33], and mod-
ified Rankin Scale (mRS) [34] were collected.
Based on MRI imaging, the Evans Index was calcu-
lated, and 2nd to 3rd degree white matter changes
according to the Scale for Age-Related White
Matter Changes (ARWMCRS) [35], together with
presence of disproportionately enlarged subarach-
noid space hydrocephalus (DESH), were estimated
[4]. The demographics and scores of the patients

of the 2 cohorts are shown in Tables 1 and 3,
respectively.

In all patients, a CSF sample was obtained using a
tap test at the initial evaluation. Based on the results,
a lumboperitoneal shunt (LPS) was introduced in
patients with probable iNPH. LPS was performed
using adjustable valves with a small lumen catheter
(Medtronic Neurosurgery, Goleta, CA, USA). Lum-
bar puncture was performed at the L3–L4 or L4–L5
interspace before LPS. CSF sampling prior to LPS
was performed using an 18-gauge spinal needle. Re-
evaluation and new CSF samples were obtained in
patients at 1 year after LPS. To confirm that the shunt
system was operating effectively, CSF was resampled
through a puncture of the reservoir using a 27-gauge
needle. No infections were reported following the
tap-test or shunt valve puncture. All CSF samples
were centrifuged to remove cells and debris, and then
aliquoted and stored in polypropylene tubes at –80◦C
until biochemical analysis.

Ethics statement

All procedures were approved by the Juntendo
University Hospital and Takasaki General Medical
Center ethics committee. The patients and/or their
relatives signed written informed consent to be a part
of the investigation. Written informed consent was
also obtained from patients and families prior to LPS
placement for all patients who were positive for the
tap test. The procedures were conducted according
to the principles of the Declaration of Helsinki, and

Table 2
CSF protein biomarkers, hsa-miR-4274-��Ct values, and specific binding ratio of DaTScan in Cohort 1

N iNPH PS AD p-value

21 18 16 p1 = iNPH:PS
p2 = iNPH:AD
p3 = PS:AD

sA�PP� (ng/ml) 157 (61) 165 (64) 266 (81) ∗p2 < 0.0001
∗p3 = 0.002

A�42 (pg/ml) 630 (188) 474 (186) 433 (173) ∗p1 = 0.047
∗p2 = 0.008

p-Tau
(pg/ml) 27 (9) 33 (17) 75 (23) ∗p2 < 0.0001

∗p3 < 0.0001
�-syn (ng/ml) 0.65 (0.27) 0.51 (0.23) 0.69 (0.20) ∗p3 = 0.022
hsa-miR-4274 –8.90 –5.14 –9.92 ∗p1 < 0.0001

[–10.07∼–7.77] [–6.83∼–3.11] [–10.94∼–7.12] ∗p3 < 0.0001
SBR 4.3 1.9 – ∗p1 = 0.003

[3.3∼4.4] [1.3∼2.1]
(n = 10) (n = 8)

Data are shown as mean values (SD) or median values with interquartile range. ∗p < 0.05, significant
difference (Dunnett’s test). Only statistically significant results are presented. sA�PP�, soluble amyloid
precursor protein �; p-tau, phosphorylated Tau; �-syn, �-synuclein; SBR, specific binding ratio of ioflupane
(123I) dopamine transporter scan (DaTScan).
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Table 3
Demographics, test scores, CSF protein biomarkers, and hsa-miR-4274 –��Ct values in Cohort 2

N iNPH PS NC p-value
10 10 6 p1 = iNPH:PS

p2 = PS:NC
p3 = NC:iNPH

Age (years) 78 [70–80] 79 [77–79] 68 [65∼75]
Sex (female/male) 3/7 5/5 1/5
Evans Index (%) 36 [32∼39] 32 [30∼34] –
Positive tap test 90% 30% –
DESH 100% 50% –
MMSE score 24 [16∼27] 17 [14∼22] –
sA�PP� (ng/ml) 124 (43) 149 (136) 271 (82) p3 = 0.033
A�42 (pg/ml) 591 (243) 496 (249) 627 (230)
p-Tau (pg/ml) 22 (7) 29 (11) 34 (13)
hsa-miR-4274 –7.96 [–8.56∼–5.54] 2.25 –6.46 [–7.69∼–5.77] p1 < 0.0001

[1.75∼2.63] p2 < 0.0001

Data are shown as mean values (SD) or median values with interquartile range. Only statistically significant results are
presented.

in accordance with international Good Laboratory
Practice and Good Clinical Practice standards.

Immunochemistry

Measurements of soluble amyloid-� protein
precursor � (sA�PP�), amyloid-� 1–42 (A�42),
p-tau, and �-synuclein (�-syn) levels in the
CSF were performed using commercial enzyme-
linked immunosorbent assay kits (Human sA�PP�
highly sensitive assay kit #27719, human �-syn
assay kit #27740; IBL, Takasaki, Japan; Innotest
A�42, phospho-tau-181p #81583; Fujirebio, Gent,
Belgium), according to the manufacturer’s protocol.

RNA extraction and reverse transcription by
qRT-PCR

Total RNA was obtained from 300 �l of CSF
using the miRNeasy serum/plasma kit (Qiagen,
Crawley, UK) following the manufacturer’s rec-
ommendations, and was spiked with miR-39 (C.
Elegans miRNA cel-miR-39 oligonucleotide). The
RT product (3 �l) was preamplified using a miS-
cript PreAMP PCR kit (Qiagen). Preamplification
products were analyzed by a 7500 Real-Time PCR
System (Applied Biosystems, Thermo Fisher Scien-
tific, Waltham, MA, USA) using SYBR Green Master
Mix (Thermo Fisher Scientific). Relative miRNA
expression levels between the groups were calculated
using the 2(–��Ct) method [36], with normaliza-
tion of raw data to stable miRNAs levels (miR-3714,
miR-659, miR-345). We set a quantification cycle
(Cq) of 35 as a cut-off to define an miRNA as
positive.

The three-step analysis started with processing
the CSF samples for 1008 candidate miRNAs using
the Human miRNome miRNA PCR array (v16.0,
96-well/Rotor-Disc, R100, Format A; Qiagen) and
qRT-PCR. An initial screening of 4 patients (2 pure
iNPH, 1 PS, and 1 AD) showed dysregulation of 20
miRNAs, which were then further analyzed in steps
2 and 3. All qPCR experiments were designed and
performed in compliance with the MIQE guidelines
(Fig. 1). The target prediction for the tested miRNAs
was performed using Ingenuity Pathway Analysis
(IPA) software (Qiagen).

Fig. 1. Study flow chart. iNPH, idiopathic normal pressure hydro-
cephalus; PS, possible iNPH with parkinsonian spectrum; AD,
possible iNPH with Alzheimer’s disease; NC, non-affected elderly
individuals.
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Statistical analysis

Statistical analysis was performed with statistical
software (SPSS v.18 for Windows; SPSS, Cary, NC,
USA). One-way analysis of variance (ANOVA) and
Dunnett’s C post-hoc analysis were used for multiple
comparisons between the three groups for numeri-
cal data, while a chi-squared test with Bonferroni’s
correction was used for multiple comparisons for
nominal data. Wilcoxon signed-rank test was used
for in-group comparisons. Receiver operating char-
acteristic (ROC) analysis was performed, and the
area under (AUC) the curve calculated, for compar-
ing miRNA levels between the groups. Correlations
between biomarkers were obtained by Spearman’s
rank correlation. In all cases, p < 0.05 was considered
statistically significant.

RESULTS

Clinical evaluation and CSF protein biomarker
analysis

Demographic data of the first cohort, including
Evans index, DESH percentage, the percentage of
positive tap tests, the percentage of CSF shunt surg-
eries performed, and the scores of the mRS, iNPHGS,
MMSE, FAB, and ARWMCRS, are shown in Table 1.
There was a significant difference in the percentage
of positive tap tests and neuroradiological findings
of DESH in the iNPH group compared with the other
groups. Based on these results, 21 patients from iNPH
group and 13 patients from PS group underwent sub-
sequent shunting procedures. The results of protein
biomarker testing from CSF samples of all groups of
patients before shunting are shown in Table 2. Lev-
els of sA�PP� and p-tau were significantly different
between iNPH and AD patients, and between PS and
AD patients. sA�PP� and p-tau concentrations were
significantly higher in patients with concomitant AD
pathology compared with the other groups. A�42 con-
centrations were significantly lower in the PS and
AD groups compared with the iNPH group. The �-
syn concentration was significantly lower in the PS
group compared with the AD group.

CSF microRNA analysis

The first step of the CSF microRNA analysis pro-
vided 106 microRNAs with significant value out of
the 1008 miRNAs initially screened by miRNA PCR
array. Out of these 106 miRNAs, we selected the top

20 miRNAs that showed higher levels of expression
in patients with iNPH, than in patients with PS or
AD, with a cut-off cycle of 30 or less. We proceeded
to secondary qPCR screening of those 20 microR-
NAs, which revealed a significant decrease of nine
promising candidate microRNAs (Fig. 1). These nine
miRNAs were further tested in 55 patients divided
into three groups. The nine tested microRNAs, their
genetic sequences, and –��Ct values expressed as
a median with interquartile range are shown in Sup-
plementary Tables 1 and 2. qPCR analysis showed
that all nine tested miRNAs were significantly dys-
regulated in the PS group compared with the iNPH
and AD groups, and two miRNAs showed excel-
lent results: miR-4274 (p < 0.0001) and miR-1280
(p < 0.0001). These findings were then confirmed
in a second independent cohort of 10 patients with
PS, 10 iNPH subjects, and 6 NC subjects (Table 3).
Only hsa-miR-4274 was significantly decreased in
the PS group compared with the iNPH and NC groups
(Fig. 2). As our focus was to find new biomarkers
to help in differentiate PS from iNPH, we per-
formed a ROC analysis to evaluate the diagnostic
potential of the examined miRNAs, and to test their
sensitivity and specificity (Supplementary Table 3).
hsa-miR-4274 showed the greatest diagnostic poten-
tial (AUC = 0.908; p < 0.0001), with a high sensitivity
and specificity (Fig. 2).

Correlation between hsa-miR 4274 expression
and specific binding ratio of DaTScan

Next, we calculated the correlation of tested
miRNAs with the specific binding ratio (SBR) of
the DaTScan, noting that 123I-ioflupane binds the
dopamine transporter in the nigrostriatal dopamin-
ergic neurons. hsa-miR-4274 showed the best
correlation, with a lower hsa-miR-4274 level associ-
ated with a lower SBR (r = –0.494, p = 0.044; Fig. 2).

Post-shunting analysis

Additional CSF sampling was subsequently per-
formed in 21 patients in the iNPH group and 13
patients with the PS group at 1 year after shunt-
ing. Protein biomarker analysis was repeated, and
a complete re-evaluation of the clinical state was
performed using MMSE, FAB, mRS, and iNPHGS
(Table 4). All the re-evaluated data in the iNPH
group were significantly different from initial eval-
uation scores. Although the clinical state of patients
in the PS group did not improve at 1 year after CSF
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Fig. 2. Graphical analysis comparing candidate miRNAs. A) Comparison of hsa-miR-4274 –��Ct values between the various groups in
the 2 individual cohorts. Box and whisker plot of hsa-miR-4274 expression in CSF samples of definite iNPH (NPH), possible iNPH with
parkinsonian spectrum (PS), possible iNPH with Alzheimer’s disease (AD), and non-affected elderly individuals (NC). y-axis: –��Ct
values; x-axis: studied groups. Boxes: interquartile range, central line is the median. Whiskers: upper and lower adjacent values. Dots: outlier
values. B) Receiver operating characteristic (ROC) analysis of the hsa-miR-4274 in iNPH group compared with the PS group. x-axis shows
specificity values. y-axis shows sensitivity values. C) The correlation of hsa-miR-4274 expression with the specific binding ratio (SBR) of
the dopamine transporter scan (DaTScan). hsa-miR-4274 –��Ct values are plotted against SBR. iNPH patients (blue circles). PS patients
(green triangles). hsa-miR-4274 levels are correlated with SBR (r = –0.493, p = 0.044; Spearman’s correlation.)

diversion, the concentrations of all three tested pro-
tein biomarkers in both groups were significantly
increased. Next, we analyzed hsa-miR-4274 levels in
CSF samples obtained from both groups. The level of
hsa-miR-4274 was significantly lower in the PS group
compared with the iNPH group before shunting.
Additionally, the concentration of hsa-miR-4274 was
significantly increased in the PS group 1 year after
CSF diversion (p = 0.028), while there was no signif-
icant change in the iNPH group (p = 0.476; Table 4).

DISCUSSION

The target prediction for the nine miRNAs was
performed using IPA software (Qiagen). IPA anal-
ysis found no information on the target prediction
for hsa-miR-1280. In support, hsa-miR-1280 was
recently suggested to be part of transfer RNA, rather
than a classic microRNA [37]. IPA analysis also
found no target genes for miR-3675. However, the
remaining miRNAs provided numerous target genes
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Table 4
Comparison of test scores, CSF protein biomarkers, and miRNA –��Ct values in iNPH and PS

patients of Cohort at 1 before and 1 year after shunting

iNPH PS p-value
before after before after

shunting shunting shunting shunting p1 = iNPH before : after
(n = 21) (n = 21) (n = 13) (n = 13) p2 = PS before : after

MMSE 22 27 26 24 ∗p1 < 0.0001
[19.5∼26.5] [24.25∼28] [20∼27] [22.5∼26.5]

FAB 11 [9∼13] 12.5 [10.75∼15] 12 [9∼14] 11 [9∼13] ∗p1 = 0.011
mRS 2 [2∼2.5] 1 [1∼1.75] 2 [2∼3] 2 [2∼3] ∗p1 = 0.001
iNPHGS (G+C+U) 5 [4∼6.5] 2 [1∼3] 5 [3.5∼6.5] 6 [3∼7] ∗p1 < 0.0001
sA�PP� (ng/ml) 157 (61) 218 (83) 153 (68) 229 (161) ∗p1 = 0.001

∗p2 = 0.008
A�42 (pg/ml) 630 (188) 782 (295) 496 (192) 731 (403) ∗p1 = 0.030

∗p2 = 0.008
p-Tau (pg/ml) 27 (9) 65 (35) 25 (7) 58 (34) ∗p1 < 0.0001

∗p2 = 0.008
hsa-miR-4274 –8.9 –9.6 –4.6 –7.4 ∗p2 = 0.028

[–10.1∼–7.8] [–9.9∼–8.5] [–5.2∼–2.0] [–9.9∼–7.0]
(n = 6) (n = 6)

Data are shown as mean values (SD) or median values with interquartile range. ∗p < 0.05, significant difference (Wilcoxon’s
signed rank test). Only statistically significant results are presented.

involved in various pathways, including neurogenesis
and neurodegeneration, such as dopaminergic, gluta-
matergic, amyloid, apoptotic, and axonal guidance
signaling (Supplementary Table 4). hsa-miR-4274
was the most promising biomarker in our study,
and IPA analysis showed that SAC18A2 (VMAT2;
the vesicular monoamine transporter 2) was a tar-
get gene, with a connection between hsa-miR-4274
and dopamine receptor signaling. The exocytotic
release of neurotransmitters requires active transport
into synaptic vesicles and other types of secre-
tory vesicles. SLC18A2 performs this function for
monoamines such as dopamine and serotonin [38]. As
hsa-miR-4274 levels were decreased in patients in the
PS group, and were correlated to SBR of DaTScan,
this may relate to impairment of the dopaminergic
signaling pathway.

We also found an increase in a number of protein
biomarkers at 1 year after shunting. As previously
reported, this may be a consequence of an increase in
extracellular space after shunting, which leads to bet-
ter clearance of substances from the interstitial fluid
to the CSF, or because of increased brain metabolism
in the periventricular zone, as seen in PET and
MRI studies [39, 40]. However, hsa-miR-4274 lev-
els in iNPH were not changed after CSF diversion,
suggesting that hsa-miR-4274 was not affected by
hydrocephalus.

The generalization of our findings are limited
because of the small number of patients and the
absence of pathological confirmation. Further stud-
ies are required in a larger patient cohort to confirm

the differential expression of hsa-miR-4274 in PS and
iNPH patients, and to verify the relationship between
hsa-miR-4274 and the responses of the patients to
shunting. Nevertheless, as hsa-miR-4274 is relatively
abundant and stable in the CSF, it may be a useful
biomarker for differential diagnosis of iNPH, as well
as for Parkinson’s syndrome.

In conclusion, hsa-miR-4274 is a potential CSF
biomarker for differentiating PS from iNPH patients.
hsa-miR-4274 may be useful for diagnostic pur-
poses, as well as for predicting shunt treatment
responses.
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I. Jurjević et al. / MicroRNA Biomarker for Parkinsonian Syndromes 325

[33] Dubois B, Slachevsky A, Litvan I, Pillon B (2000) The
FAB: A frontal assessment battery at bedside. Neurology 55,
1621-1626.

[34] Banks JL, Marotta CA (2007) Outcomes validity and relia-
bility of the modified Rankin scale: Implications for stroke
clinical trials: A literature review and synthesis. Stroke 38,
1091-1096.

[35] Wahlund LO, Barkhof F, Fazekas F, Bronge L, Augustin M,
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