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The establishment of a laboratory diagnosis of human Creutzfeldt-Jakob disease

by using new biomarkers
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Abstract

The gamma-isoform of the 14-3-3 protein (14-3-3 gamma) is expressed in neurons, and could be a specific
marker for neuronal damage. This protein has been reported as a detectable biomarker, especially in the
cerebrospinal fluid (CSF) of Creutzfeldt-Jakob disease (CJD) patients by Western blotting (WB) or enzyme-
linked immunosorbent assays (ELISAs). Western blotting for 14-3-3 gamma is not sensitive, and the reported
data are conflicting among publications. An ELISA specific for 14-3-3 gamma is not available. CJD patients (n
= 114 sporadic CJD patients, 7 genetic CJD, and 3 iatrogenic CJD) and 99 patients with other neurodegenerative
diseases were examined in this study. The CSF samples obtained were analyzed by Western blotting for 14-3-3
gamma, and by ELISA for total tau protein. We evaluated the sensitivity and specificity of the newly developed
sandwich ELISA for 14-3-3 gamma. The cut-off value of the 14-3-3 gamma ELISA was > 1, 683 AU/ml; and
sensitivity was 95.2 %, with 72.7 % specificity. This specificity was the same for the total tau protein ELISA.
Seven CJD cases were negative by WB but positive using the 14-3-3 gamma ELISA, indicating that the ELISA
is more sensitive. All 21 cases of early stage CJD could be diagnosed using a combination of the 14-3-3y ELISA
and diffusion weighted MR imaging (DWI-MRI). The 14-3-3 gamma ELISA was more sensitive than
conventional WB, and was useful for laboratory diagnosis of CJD, similar to the ELISA for the tau protein. Using

DWI-MRI and these ELISA tests on CSF, diagnosis of CJD will be possible even at early stages of the disease.
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%<, WHOIZ X % CIDZWiAHEIZD 14-3-3BAVMBNZHEED 1D LTMZ5N TS (2),
1996 4E1Z Hsich 51X CIDEFIZ BT MBI F D 14-3-3F AL BM~— 7 — & LTHE L2 (1),
[F]4E Zerr 5 7% CID B OINHE I % Hisch & [k LT L, 14-3-3&B 2% L, WMEREH T
D14-3-3FBADHERMER LT (5) 2Dk, 14-3-3FBAICHET2HMEDPHASND L) 12k - 7295,
14-3-3FHIC L 2 HELEIIPMALT 2 2 LR <, ZOBENIEEICOWTOIFFITRIFEIE L,
JEMCHDLONFEFETH L, £72, TNETOI4-3-3EBAOUEIIET AV 7 4 — L DOHBETIT->TW»
LL0NLBTHY, SHIEE-HREZEODLZOIIGY =7y N ehb14-3-3FADT AV 7 % —
LADWRDPLEETH Do 65T, 14-3-3EH DRI 22D M GE 20 52 1 & BIRE 2 HIWT L O 05 2%
Lo TWh,
CIDZWIIBWTIX14-3-38&H, #% 7&H, NSE, S-100b&EHD4 DDA LY — T —2EH I
T&Ee INOREERIHFREOBSIALZIEE L CHRWRELE Z 2 5N 50, WEDWNIIIMAR
R EVLETHD, €T, REERNICHO NS BEHROME2S CID 2 ZHiC X AAEHEIKD
SNTWVE, MiEEHWBEEDERVEBITEICOWTOEE SN TBY, &k, KEYRAF VR0
H SRR RS A2 1 (heart-type fatty acid binding protein : H-FABP) 25#ti5 ST\ % (6,7), BIKTIZ
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Western blot (WB) {ED#t— 70~ 3—)b (3,9) Z{E L, CIDEZ (11261 : Table 1-a) & O
PR (10060 : Table 1-b) ORNEREEHICBIT 2 14-3-3BAOKIEIT-720 2070 k a— )L (2
L, TSN T L AEEOTURZ M L TRIBFFEICOWTHRE L7z I, A X =T FH I 4% —
DLAS3000 % i L, HFEFEEMRL,» OB S NBARED14-3-3EHy TAV 74 —LD1) 3
YEF Y MERHERIEREE LTI14-3-3EHEER L7k, cut-off il % P L7z,

(528
14-3-3HEADOFMEALITR OB LT AV T+ —2E, ROy TAV T+ —LThHo72h, yTA
VT x = AOHPHREIIBWTEN Tz, $72, yTA VT4 —20NPL LY BEELTNDE T
& DR S 7z (Figure 1) o
WD y 74V 7 4 — 2% BT PUEO T b JEEE & FFREED 80 o 72HUK13 18647 (IBL, HA)
Td o7z (Figure 2)o 18647 &\ 7214-3-38H y 74V 7 + — A D cut-of f il 13 39.8 ng/lane, BELEIE
88.4% TH UV, FrHJFIZ81.2% Tdh -7 (Figure 3),



Table 1. Profiles of (a) 112 CJD patients and (b) profiles of patients in disease control group (N=100 cases)

(a) Definite cages Probable cases Possible cases Total cages
Sporadic cages Male 4 43 0 52
N=99 Female 3 44 0 47
Familiar cages Male 0 2 2 4
N=3§ Female 3 0 1 4
Iatrogenic cages Male 0 3 0 3
(b) N=3 Female 1 1 0 2
Disgease Male (cases) Female (cages) Total cages
ATD a3 21 54
CVD 3 2 7
Pick’s disease 1 0 1
Parkinzon disease 4 1 3
CBD 2 0 2
Huntington s dizease 1 0 1
FID 1 0 1
PSP 2 1 3
MCI 1 2 )
ALS 2 1 3
temp oral epilepsy 3 2 5
limbic encephalitis 2 1 3
MELAS 1 s 2
PCD/LEMS 1 1 2
undifferentiated encephalopathy 1 4 5
healthy subjects ) 2 4

ATD: Alzheimer-type dementia, CVD: Cerebral Vascular Disorder, ALS: amyotrophic
lateral sclerosis, MCI: mild cognitive impairment, CBD: corticobasal degeneration
FTD: frontotemporal dementia, PSP: progressive supranuclear palsy, MELAS:
Mitochondrial myopathy, Encephalopathy, Lactic Acidosis, Stroke-like episodes, PCD:

paraneoplastic cerebellar degeneration, LEMS: Lambert-Eaton myasthenic syndrome
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Figurel. Resolving power of the [ -isoform and y -isoform of 14-3-3 protein by time course
(a) Resolving power of the recombinant 7y -isoform of 14-3-3 protein with western blot method (O,

0.5 hr, 1 hr, 2hr, 24 hr). (b) Resolving power of the recombinant [ -isoform of 14-3-3 protein by
antibody with western blot method (0, 0.5 hr, 1 hr).
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Figure 2. Staining of recombinant 14-3-3 protein ( f -isoform and y -isoform) by four antibodies (Sc-629
(Santa Cruz, Calif. USA), 18641 (Immuno-Biological Laboratories (IBL) Gunma, Japan), 18647
(IBL Gunma, Japan) and K0203-3 (Medical & Biological Laboratories C.O. (MBL), Japan)) (a)
Sc-629 (Santa Cruz, Calif. USA) antibody. (b) 18641 (IBL Gunma, Japan) antibody. (c) 18647
(IBL Gunma, Japan) antibody. (d) K0203-3 (MBL, Japan)

Figure 3. The results of semi-quantitative analysis of

4000 Western blots of the y -isoform of 14-3-3 pro-
tein in the CSF of CJD and control disease

patients. The y -isoform of 14-3-3 protein was

. detected in the CSF of 15 CJD patients by
- CE Western blot. (1, 3 and 4; limbic encephalopa-
- " thy, 2 and 5; PCD/LEMS, 6 -15; MELAS,
. . encephalopathy owing to unknown etiology
T st and dementia of Alzheimer type (DAT)).
cID Non-CJD

14-3-38 y 74 YV 7 + — A2 % ELISA %0l

14-3-3FHy 74V 74— 2L CIDBWOLTHERTH 55, M7 WBIEIZ L 5 EHKIETF
FAZ X BRREPAE L L WRESE C, WEMRS B v, TNHOMERZWRL, S 5ICHHHRE
DA HKE LT, Sandwich ELISA L% JEHL L |72 ELISA ¥ v M OFIF % A7z,

Uikl

14-3-38H y 74V 7+ — LMIHRRW PR ER L, I REZ Pk 2 Ml & D CTELISA ¥ v
MAVERL L 720 ARFEIZE D CIDEE 1245 GIFEMECID 1146, KEMETH, EEHE3HF) & CID DAL
AR BB 2t R & LB R D 14-3-3FBH y 74V 7+ — 2% HE L7z (Table 2)o &
SR % WBE L ELISA & v b THEMGET L, 512 DWI-MRIFRT & CIDZHIZ BT 100% D47 FE
% 7R RT-QUICH: (10) % & THEMMEIZ D W TRAMIZEH L 72,
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ELISA % v b @ cut-off fiE1 1,683 AU/mI T, J&FE & FFFEEIZ Z N E195.6% & 71.4% Td - 7= (Figure 4) o
FHCID21BIZBWT, t-taudE & 14-3-3FEHA DKL, TNZF195.2% K 1N76.2% TH - 7275,
ELISA#ETld 21614 TT1,683AU/ml 82 C\2 72 (Table 3)o F72, WB{ETREM L HE s n/z760d
5675 CID & Wi S L7228, ELISATETIZ 7B THY1,683AU/mI L LA R L72 (Table 4)o & 512, WB
TR & ) E 72 7EIFR 26025 CID & HI5E S L7248, ELISA #:Cld 4T 1,683AU/ml LU T % 78 L 72 (Table
5)o —J7, CID SO B BIE 99 B 9 5 23 BIAS ELISA #:C 1,683 AU/mI LI | % 7R L 72 (Table 6) o

Table 2. Analysis of Western blots method and ELISA of 14-3-3 protein of CSF in 124 CJD patients and

99 patients with other neurological disorders and rapid progressive dementia

Positive rate of 14-3-

ELISA of 14-3-3yprotein I protein in the

Disease Number  Male Female detection ofWE T
Awerage 5D Min Tax 14-3-3v e;ll-

isoforms

CID 124 69 35 26,3549 21,525 135 75,373 108124 114/124
DAT 54 33 21 1,537.0 F5lL2 o 2,410 3754 54
CVD T 5 2 9753 3324 521 1,512 0 20T
FD 5 4 1 5422 203 521 565 n/s n/s
PEF 3 2 1 2253 224.6 3% 474 0/3 0/3
FILD 2 1 1 4250 236.2 58 592 072 072
HD 1 1 0 556.0 0 556 556 0/1 0/1
CBED 2 2 o 4495 2454 278 623 0z 0z
ALS 3 1 2 3037 134.8 178 51@ 0/3 0/3
limbic encephalitis 2 1 1 4,440.5 1,9354 3,072 5,808 213 213
MELAS 4 2 2 50695 2227 4,912 5,227 414 414
PCL/LEMS z 1 1 4,3570 2178 4,233 4,541 22 22
ternporal epilepsy 4 1 3 33568 1,3324 1,530 4,636 4i4 4i4
MCI 3 1 2 603.0 208 501 627 03 03
Emﬁgzﬁi:uwn 3 1 2 4103 1505 258 559 i3 i3
healthy subject 4 2 Z 0.0 0.0 1] 1] 0/4 0/4

CJD: Creutzfeldt-Jakob disease, DAT: Dementia of Alzheimer’s type, CVD: Cerebral Vascular Disorder, PD:

Parkinson’s disease,, PSP: progressive supranuclear palsy, FTLD: frontotemporal lobular degeneration HD:

Huntington’s disease, CBD: corticobasal degeneration, ALS: amyotrophic lateral sclerosis, , MELAS:

Mitochondrial myopathy, Encephalopathy, Lactic Acidosis, Stroke-like episodes, PCD: paraneoplastic cere-

bellar degeneration, LEMS: Lambert-Eaton myasthenic syndrome, MCI: mild cognitive impairment

(@)

=] (b)

— pani
= ety
-
L
R
i =
- .
=iy = id|
T -
A I F PP FF AT - i
o - - <
;J:r'*’;,-ﬂf &=
-
& F

F

Figure 4. ELISA analysis of 14-3-3 protein in CSF from patients with CJD and other neurological disorders.

(a) Results of the 14-3-3 ELISA analysis in CSF from patients with CJD and other forms of

dementia. (b) Comparison of CJD patients and no-prion patients.



Table 3. Summary of the detection of ELISA of 14-3-3 protein, the detection of WB method of 14-3-3
protein and in CSF for 21 patients with early-stage CJD

CsF MRI
Age Sex CIDtype DW E]Iisﬁ ; t me::";g‘m me:fe‘:sglm Real-time
pren "0 mbnih Toagt ow
AU/ml v
protein protein
71 m sp probable 0 4,157 - _ + +
77 m sp probable 2 10,812 o, + +
64 f sp probable 4 11,812 + N + +
73 m sp probable 4 3,850 + . - +
67 m sp probable 4 10,814 + N + +
76 m sp probable 4 6,772 + + + +
80 f sp probable 4 9,850 + 4 + +
63 f sp probable 4 2,987 - _ - +
67 m sp probable 4 3,553 + + + +
70 f sp probable 4 3,729 - _ - +
63 m sp probable 4 6,133 + N + +
63 m sp probable 4 8,297 + N + +
67 f sp probable 5 3,372 + _ - -
74 m sp probable 5 7,184 + + + +
59 f sp definite 6 5,600 + + + +
54 f sp definite 6 1,897 - _ - +
70 f 1a probable 6 9,460 + . + -
70 f fa probable 6 4,417 + . + +
64 f sp probable 6 3,888 + . + +
51 f ia probable 6 6,313 + N + +
74 f sp probable 6 6,133 + " + +

sp = Sporadic CJD; ia = iatrogenic CJD; fa = familiar CJD; d.I. = diagnostic level based on the WHO and
the Masters criteria; d.w. = duration from the onset of the disease to the diagnostic examination. In all 21
cases, codon 129 of PRNP was Met/Met homozygous, whereas codon 219 was Glu/Glu homozygous. Total

protein contents of all the patients stayed within the normal range. All patients in this study were Asian.

Table 4. Analysis of CJD patient s that were not detected in 14-3-3y protein of WB methods but were
beyond the cut-off level (1,683 AU/ml) in 14-3-3 protein ELISA.

Pol! hism " ELISAof
Age  Sex  type cfcodon129 in PRAP o;};‘;‘;},‘:‘ﬂu 14-3-3 protein Rg:_;;‘;"
gene - (AU/ml) -

69 male P MM - 2,101 +

33 female p MM - 1.852 +

70 female sp MM - 2452

73 female sp MM - 2531 -

64 male p MM - 5493 +

65 male fa MM E200K 4,621 +

79 female $p v - 2,342 +

sp: sporadic type, ge: genetic type, MM: methioine homozygotes, VV: valine homozygotes, +: positive, -: negative



Table 5. Analysis of CJD patient s that were not detected in 14-3-3p protein of WB methods and were
below the cut-off level (1,683 AU/ml) in 14-3-3 protein ELISA.

Polymorphism ELISA of

Age  Sex type  ofcodoni29 in PRNP of;f;;;}‘:"';u 14-3-3 protein Rea:}t;(-_ne
gene & (AU/ml) Q

85 female ge MM V1801 1.086

84 female ge MM V1801 1222

84 male ge MM V1801 1313

84 female ge MM V1801 1.383 .

75 male ge MM M232R 1.676 +

78 male sp MM - 135 -

66 male sp MM - 1,224 +

sp: sporadic type, ge: genetic type, MM: methioine homozygotes, VV: valine homozygotes, +: positive, -: negative

Table 6. The summary of non-CJD patients in the positive cases of ELISA of 14-3-3y protein.

WB (14-3-3 protein) ELISA
_ all y-specific y-specific Real-time

Age Sex diagnosis isoforms isoform isoform qQuic
79 male PCD/LEMS + + 4,233
69 male PCD/LEMS + + 4,541
51 female temporal epilepsy + + 3,405
59 female temporal epilepsy + + 3,796
62 male limbic encephalitis + + 3,072
78 male limbic encephalitis + + 5,809
42 female MELAS + + 4912
25 female MELAS + + 5,227
78 male DAT + + 3,110
62 female DAT + + 3,386
69 female DAT + + 3,892
57 male DAT + 3,092
59 male DAT + 3,074
61 male DAT + 3,038
66 female DAT + 2,941
67 female DAT - - 2,569
70 female DAT - - 2,534
78 female DAT - - 2,445
83 female DAT - - 2,410
89 female © DAT - - 2,025
72 male DAT - - 1,949
59 female DAT - - 1,852
63 male DAT - - 1,709

PCD: paraneoplastic cerebellar degeneration, LEMS: Lambert-Eaton myasthenic syndrome, MELAS: Mitochondrial
myopathy, Encephalopathy, Lactic Acidosis, Stroke-like episodes, DAT: Dementia of Alzheimer’s type
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ELISA %12 & % H-FABP @ cut-off fif 136,200 pg/ml, E&F£1390.3%, FFEEEEA92.9% Td - 72 (Figure 5) o
> C, H-FABP DEE L FFRIE L, 14-3-3FBHR t-tau & & [AFEE CTH > 72 (Figure 6) o FEF v
7 O\ & BRIEAE R, BEEAY87.9%, FEREEAT96.0% TH o720 F 72, H-FABPIZMHNICHEL THEDY,
ZORAETHRGNE, 70 THIE, ME RIS S, CIDEE DR THIO T H-FABP O 434 |2 B
35 A% 72 (Figure7) o
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Figure 5. ELISA analysis of CSF from patients with CJD and other forms of dementia.

(a) Results of ELISA analysis of CSF from patients with CJD and other forms of dementia.

CJD: Creutzfeldt-Jakob disease; DAT: dementia of Alzheimer’s type; CVD: cerebrovascular disorders; PD:
Parkinson’s disease; PSP: progressive supranuclear palsy; ALS: amyotrophic lateral sclerosis; CBD: corticobasal
degeneration; PICK:Pick’s disease; HD: Huntington’s disease; FTD: frontotemporal dementia (b) Comparison of
CJD patients and DAT patients.
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Figure 6. Correlation analysis of positive CJD rate with 14-3-3 protein and total tau
protein, according to ELISA of H-FABP and Rapicheck® H-FABP methods.
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Figure 8. The relationships between H-FABP levels detected by ELISA and Rapicheck® H-FABP methods in the
CSF of CJD patients.The appearance of an indicator test line (in addition to the quality control line) with-
in 5 minutes was graded +3 (strongly positive); appearance of a test line within 15 minutes was graded +2
(moderately positive); and the appearance of a weak test line within 15 minutes was graded +1 (weakly
positive). The absence of a test line at 15 minutes was reported as 0 (negative) (Sup Figs1). We clarified
the relationships between H-FABP levels detected by ELISA and Rapicheck® H-FABP methods in the
CSF of CJD patients. Both methods showed similar levels, and we identified similar abilities to accurately
measure CSF H-FABP levels in the range 0-86,000 pg/ml.

Figure 7. Neuropathology of H-FABP immunostaining in brain sections from CJD patients.

(a) H-FABP immunostaining in brain sections from CJD patients. (b) Strong immunostaining of neurons surround-
ing the disease lesion. There was a lot of neuronal loss in cerebral cortex of CJD patients and immunostained the
survival neuron in H-FABP, but H-FABP immunostaining was stronger in the lesion of abundant accumulation of
abnormal prion protein.(c) Reactive astrocytes surrounding spongiform changes were positive for H-FABP. (d) The

distribution pattern of H-FABP matches that of abnormal prion protein.
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14-3-38H Yy 74V 7 4+ — LAIEE - FEBEICBWTCDZIEL LTERHTHL 2 L5720
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WSS ZWME L 22 RERD 2, ¥ v MCX2HELEOBEELZZEETE, 2oFHAtEEwEE
265,

RIFFECRL7214-3-3BH y 714V 7 # — LD ELISAE L ORI O AL~ — 7 — 2 S 5
(21X MRIFRAS R B 1 7)) o VB OEFEN 2B A EE S 115 Real-time QUICTE (10) A/ bHE
TIFHIZLIZE->T, cIpZzhlk Lz b7 F VRO RIS - BRUIFEEZR TR L 22 5 0k
W7Z5 9,
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