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Background: The usefulness of cerebrospinal fluid (CSF) concentrations of amyloid beta protein 1-42
(AB42), phosphorylated tau (pTau) and total tau (tTau) have been increasing in Alzheimer’s disease (AD).
However, the direct adoption of previously reported standard values is not appropriate due to interlabora-
tory variability. We started this study to set up an accessible system to measure CSF biomarkers in our
country with high reproducibility and validity. Methods: Including CSFs from four different institutes the
levels of AB42, pTau181 and tTau were measured in one lab. The intertest variability and difference in the
levels of biomarkers depending on diseases were assessed. Through analysis of receiver operating char-
acteristic cut points and binary logistic regression the cut-off values of AB42, pTau and tTau level were
obtained, and their validity was evaluated. Results: The intertest consistency was high in measuring CSF
biomarkers. The value of AB42 was markedly decreased in AD (n=17) and other dementia (n=9) com-
pared to normal control (n=12). The levels of pTau181 and tTau were high in AD, but not in other de-
mentia and normal control. The threshold values of AB42, pTau181 and tTau were 290.3 pg/mL, 54.3 pg/
mL, and 320.7 pg/mL in differentiating AD from normal control showing high sensitivity and specificity.
Especially, the ratios of pTau181/AB42 (>0.16) and tTau/AB42 (>0.76) showed the prime validity. Con-
clusions: Our data of CSF AB42, pTau181, and tTau levels were highly reproducible. PTau181/Ap42 and
tTau/AB42 ratios were the greatly helpful in differentiating AD from normal control.

Key Words: Alzheimer's disease, Amyloid beta protein, Biomarker, Enzyme-linked immunosorbent assay, Cerebro-
spinal fluid, Tau
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(CV%)= AP429] 749 5.7+ 4.4%, pTaul8l-2- 2.3+ 2.8%, Z12] 1l {Tau=
5.8+5.2%911, W= INNOTEST® ELISA kito]| 4] 3]8-8}= CvY 31
= 20% OJH S TH Table 2).

17]90] 7HA 0.2 = 2)e] Alat AP42 ELISA ZALoA] S5 =
A 357) WZ 0] 247} 70| 483+ 441 py/mLE, 145+ 14.6%2)
CV%E Ho|mA], o ¢§o A2 =2 LFERHTHE = 0.834, p=
0.000). 9711 7H4 0. &2 &= A} ]’%4 F plaul813} tTau ELISAS| A 5=
B Z A% 77| AZ 0] 27 717461+ 50 pg/mL T} 36.2:+ 358 pg/
mLe] Z}o]E Ho|HA], CV%7}59 + 4.2%9} 70+ 71% A =2 £k,
120 2z20] =2 YERHTHE = 0977, p=0000 for plaulsl, P =
0.974, p=0.000 for tTau).

Hehtd kX4 AB42, pTaul8l, tTau

A ELISAZALOl= 2 $Ato]] sfd] ] ohim ShAke] AlEo] 2ol
US710l, Akt w20l WE R AL FAL T A Al
ELISAS| A -2 2 2 B1GITH Table 3). Gr=sto]wHo] o7k A]uf
oL 71ER Al o] AR42 FEE= g kol Hish ofm] QIA| =k

Table 1. Demographic characteristics of the subjects (mean + SD)

Characteristics AD NC OtherD
Number 17 12 9
Gender F:6, M:11 F8, M:4 F:3, M:6
Age, year-old 59+8* 63+9 70+9
MMSE 15+7 28+1* 18+8
CDR (CDR SOB) 13+12(7+7) 0£0(0£0)* 13+16(7£9)
Education, year 12+4* 6+4 8+5
*»<0.05.

AD, Alzheimer’s disease; CDR, clinical dementia rating; D, dementia; F, female; M,
male; MMSE, mini-mental state examination; NC, normal control; SD, standard de-
viation; SOB, sum of box.

Table 2. The coefficient of variance percent (CV9%) within a test and intertest correlations

AB42 plau181 tTau
Intratest CV/% (range) 57+44(0.1-13.8) 23+28(0-17) 58+5.2(0.5-19.3)
Intertest variance (pg/mL) 483+44.1(4.2-184.0) 6.1+50(04-13.1) 36.2+358(2.1-84.3)
Intertest CV% (range) 14.5+14.6 (0.7-80.0) 59+4.2(06-126) 70+7.1(04-217)

Intertest correlations ?=0.834,p=0000

220977, p=0000 220974, p=0000

Mean + standard deviation.
V9%, coefficient of variance percent.
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Table 3. The concentrations of AB42, pTau181, tTau in cerebrospinal fluid

AB42 (pg/mL) plaul81 (pg/mb) tTau (pg/mL) plau181/AR42 tTau/AB42
NC M+SD 3835+ 101.8* 465+90 1984 +60.1 0.13+0.02 053+0.13
[95% Cl] [3188-448.1] [40.8-52.1] [160.2-236.5] [0.11-0.14] [0.44-061]
AD M=+SD 1940+887 80+31.0% 571.2+254.1* 047+023* 352+ 244"
[95% Cl] [148.4-240] [64.1-96.0] [440.5-701.8] [0.36-0.59] [2.27-4.77
OtherD M=+SD 1845+121 386+226 2347+1708 033£0.36 230+£3.18
[95% Cl] [91.5-277.6] [21.2-56.0] [103.4-366.0] [0.05-0.61] [-0.15-4.73]
*< 0,05,
AD, Alzheimer’s disease; Cl, confidence interval; D, dementia; M, mean; NC, normal control; SD, standard deviation.
Table 4. Receiver operating characteristic (ROC) curve parameters
AB42 (pg/mL) plau181 (pg/mL) tTau (pg/mL) plau181/AB42 tTau/AB42
Test accuracy 84.00% 86.20% 86.20% 96.60% 96.60%
Positive predictive value 88.20% 93.30% 93.30% 100.00% 100.00%
Negative predictive value 83.30% 78.60% 7860% 92.30% 92.30%
ROC AUC 0917 0.868 0922 0.941 0.995
Cut-off value (pg/mL or ratio) <290.335 > 54297 >320.737 >0.163 >0.758
Sensitivity 88.20% 82.40% 82.40% 94.10% 94.10%
Specificity 83.30% 91.70% 100% 100% 100%

ROG, receiver operating characteristic; AUC, area under the curve.

thH(p< 0.05). g==solufrge] ofgt AJufjtoluf AulEd-& Hl 7]
E} AJufj Abolol] oJu] 9l AP42 % ol gIgIT WhH, pTaulsl
2 Ygzslolu|of| ofFt AJufjtol|A] Ag/dtolut 7]et AJufitol| v
aff 2] A S7F=E1e1 AT p<0.05). 7TEF A[vitofl A= plaulsl
FL7t A H]Se 20 2 Uty (Tau 52 plaul8ly)

B2 e Hol gzstolmryol] ofgt |ufjtof| A ofu] QA S7T
ﬁ}ﬁiﬂ(p 0.05), 2=t} 71t AJufjtol A= vt o 2 6

Qrek S712 plaul8l/AP42 L tTaw/AP422] AZHH 2}o| & H A3}
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3} o*ia}olcﬂtﬂoﬂ ot 2o Abole] o]} 2418 317
Al35F3 L, BjE-0] ROC curve £-418- 510 cut-off value S 13
0]0] -85 SHIBIITH Table 4). AP42 F1= 2 Lr=5to|mro]
3} 2|2 88.2%2 U=5to| o] 23t X|ul| & Aeks}tedal, %
0] 833% 2 AAFO 2 Atkalo], AAPYEHEL 84% Gt plauls]
OHTans T 2 d=slo|mHo] o5l A|uj+Le] 93.3%E Y=5}o|n|

ﬁgmlo

O_u -
o
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rgol| ofgt | = Zekaklar, A d=to] 78.6%E g doletal kst
o] B 86.2% A= 2] AAMASES Btk 712 EAJSE plaulsl/
Ap42 v 2 tTau/Ap42 H]=96.6% =& 320 7&‘*]'753‘2]’5% =Y
=, g=stoln{Hol| &J5t Aulj-e] 100%E Y=sto|HHo] gt
Ao 2 kst laL, A d=to] 92.3% 5 g d-o & XIeksgick
ROC curve 40 2 318} or=5}o|mH o] o5t A|uj] ZIth-2- ¢
S RS LA A cut-off sTE= AP42 290.335 pg/mL, plaul8l 54.297
pg/mL, tTau 320.737 pg/mLO]QaL, plaul8l/AB42 2 (Tau/AP42+= 2+
7} 0.1631} 0758 0]3IT}. O] 5 cut-off S1E0] W7o} Eo]mie A
733 88.2%2} 83.3%, pTaul8l-2 82.4%2} 91.7%, tTaur= 82.4% 2}
100% Sk pTaul8l/AP422} tTau/AR422] cut-off FH-2 5L 94.1%
of w17 9} 100%9] S0l =8 Lefick

afoluo] ol A, 1280] 4% 1
21 7]} Ao S ko 1H4000] AB
42, play, tTau %‘—E% élé’é‘}oﬂl ELISA AA} 7F 24719 A=, 2]
o Ajo] 2], Ab-erzatoluo] ofgt A Alole] 7k

= ‘H?Loﬂ*ﬂ% 1789] &
al

it

AIEHE 913t 2 AR IEAR} 5120 cutoff 3 2 0] 5] ek -6
Aol et -2 Aolr
2 ) ek 584

T [e]
2 A | Z% ]7} iy, Aijin}r:} 1}0]7]- ScH(Table 5). ©12] €21
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Table 5. Brief summary of the previous literatures

Study group Subjects Methods Results (pg/mL¥)
Galasko [42] AD, 36, CON, 14; INNOTEST kit tTau (mean); AD, 509; CON, 177
Hulstaert [43] AD, 150; MCl, 4; CON, 100; INNOTEST kit AB42 (mean); AD, 487; MCl, 494; CON, 849; Non-AD D, 603; tTau (mean); AD, 425; MCl, 710; CON,
Other D, 79 195; Non-AD D, 220; AB42 (cut-off); AD vs. CON, 643 (S 78%, Sp 81%); AD vs. Other D, 551 (S 71%,
Sp 63%); tTau (cut-off); AD vs. CON, 252 (S 79%, Sp 70%); AD v s. Other D, 293 (S 71%, Sp 89%)
Andreasen [44]  Probable AD, 274; Depres- INNOTEST kit tTAU (mean); Probable AD, 690; Depression, 231; CON, 227; tTau (cut-off); 302 (S 93% Sp 86%)
sion, 28; CON, 65
Riemenschneider  AD, 74; FTD, 34; CON, 40 INNOTEST kit APB42 (mean); AD, 394; FTD, 835; CON, 1076; tTau (mean); AD, 540; FTD, 282; CON, 152
[45]
Lee EH [16] AD: 16, CON, 14 Biosource ELISA kit (USA)  AB42 (mean); AD, 391; CON, 827; pTau199 (mean); AD, 283; CON, 277; pTau/AB42 (mean); AD,
1.01; CON, 04
Shaw et al. [14] AD, 100; MCl, 196; CON,  Multiplex xMAP Luminex APB42 (mean); AD, 138; MCI, 146; CON, 217; pTau181 (mean); AD, 36; MCl, 32; CON, 20; tTau
114 platform (Luminex Corp, ~ (mean); AD, 110; MCl, 86; CON, 61; pTau181/AB42 (mean); AD, 0.29; MCl, 0.23; CON, 0.10; tTau/

Austin, TX) with Innogenet-  AB42 (mean); AD, 0.86; MCl, 0.62; CON, 0.31; AB42 (cut-off); AD vs. CON, 192 (S 96%, Sp 77%);

ics kit reagents (INNO-BIA

pTau181 (cut-off); AD vs. CON, 23 (S 68%, Sp 73%); tTau (cut-off); AD vs. CON, 93 (S 70%, Sp

AlzBio3) 92%); pTau181/AB42 (cut-off); AD vs. CON, 0.1 (S 91%, Sp 71%); tTau/AB42 (cut-off); AD vs.

Schoonenboom  AD: 512, FTD: 144, DLB: 52,
etal. [27] VD: 34, CBD: 16, PSP: 20,
CJD: 6, PSY: 135, SMI: 275

INNOTEST kit

CON, 0.39 (S 86%, Sp 85%)

AB42 (mean); AD, 447; FTD, 741; DLB, 638;VD, 627; CBD, 681; PSP, 767; CID, 755; PSY, 906; SMI,
863; tTau (mean); AD: 604, FTD, 350; DLB, 305; VD, 238; CBD, 262; PSP, 203; CJD, 2060; PSY, 213;
SMI, 245; pTau (mean); AD, 83; FTLD, 47; DLB, 52; VD, 35; CBD, 50; PSP, 36; CID, 54; PSY, 41; SMC, 45

*Unit of results. However in case of ratio, there is no unit.

AD, Alzheimer's disease; CBD, corticobasal ganglionic degeneration; Cl, cognitive impairment; CON, control; CJD, Creutzfeldt Jacob disease; D. dementia; DLB, diffuse Lewy
body dementia; EOAD, early-onset AD; FTD, frontotemporal dementia; LOAD, late-onset AD; MCl, mild cognitive impairment; PSP, progressive supranuclear palsy; SMI, subjec-
tive memory impairment; SVD, subcortical vascular dementia; PD, Parkinson's disease; PSY, psychiatric disorder.

© 2 AgEhkit mhrhe] 2po], 2=l W wig o] Zjol, 27 A7t
A Bl 15 A Sl S 22019 Aol Fo] UAIRH24], 2| Bate-
man F{25]0] A|7|gt AAH Ap429] A/} vl o] 5FF 5 ALk
U A1 5 5ol whel 2o} ol A3 E T of ol
TS ujc) A2 AR|F1R] kel AE glolo 7 /%47# dck 2 A

?Oﬂ’ﬂ o/ ebake] A Alke YASHA SFlaL, -5 A efoll A
AF Bt o] 22 Q10 & QI 0. FE H| 4D 3?9'2"%

gh AtollA] F e FUT HH NS FUTH 24 B

%, 0]% Lhiro] A= ch2 Alefoll A 245k, 27 Alele] uket 3

o7} ATH26]. AB427} 71 =0} 31-37%0] 2L, INNOTEST kit A}-&-
© 2 ELISA 274 WS 2151 sheeke AlEj7ke] 2oz} 22%
Aot} pTaul8le} tTau 74-$-+= AP42X T} 20, ZF7} 13-15% 2} 16-
210l ofgro] S 1SS o} GtelelE 27 AlEE Aol 4
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