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EHRT o4y kA
(ERERR AR S — B 2 N RL, TR 400016)

WE BN SOk R, 0K SRR KIEERRS (Alzheimer’s disease, AD) ZIHFESVIMERR . HAE
K, U0 &k RAMATESE AD R B iR e PEZE AL o il fig . A RFRR R, MG (A% (tryptophan, Trp). M&%(R
(tyrosine, Tyr) /K-SR INMINEERERT (mild cognitive impairment, MCI) ., ADAHIE, A SCHIE— 8B MCI A AD H {4,
RBIR . BERACEREE, ik Bk A BRI R 25215 24181 1 (Alzheimer’s Disease Neuroimaging Initiative-1,
ADNI-1) BABI(K 76502 5%, 7 WINFIIEH (cognitive normal, CN, n=207). %asE B INAITHRERER (stable mild
cognitive impairments, sMCI, »n=201). #1THEINFILIRERTE (progressive mild cognitive impairments, pMCI, »n=171) #l
AD i8R (n=186). JHrIiE (LVERR . BERRX MCL, ADJERHALWIME. MHTERFZKLH, Mg aEmR.
SRS B S NE R AR EY . NS I EOAHThREZ M X R . SR 5 CNAHEL, sMCL. pMCI. AD 41 i%
ARV AR. pMCIZ . AD ZH I B A RK V- 5 0T CN 4. s =R X pMCL, AD A IZWi (. 135 B 2R
XTADH WM E. i MG R . BERA BT AD RS W . (R . BRI TN AT LAk AD o B4 AL A

FURAUR A . MG OER . MAMR S AD LIRS
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MG IAHRE SRR . BT, ADBE I G
AR . BRI/ CAF B TR 17

SR, IMTE Bz . =R e S RelE AD S
JALE bR iR A 5 i — 2B BT . AHIESE R IR B
ADNI %45 2 1Y 552 56 8040 20 A 1 700 I
(cognitive normal, CN) #H . FeUE MEFEEE AT fg
Fi fit  (stable mild cognitive impairments, sMCI)
2 . #E AT N A T BB BE 1S (progressive mild
cognitive impairments, pMCI) 41l AD JIr 2§ #i &%
IO . WK 225, K 1 IS (s
2. WX AD 2R BAIZWHNE, W@ Sk
R A K A (mini-mental state examination,
MMSE) . BiJ /R 2% ¥ BK s V7 A A0 00 o it 3R
(Alzheimer’ s disease assessment scale cognitive
subscale, ADAS-cog 13) . RG3LPR AL (magnetic
resonance imaging, MRI) F1'"F-3i /I 480 25 B 1 H
F RS )2 4 (PF-fluorodeoxyglucose positron
emission tomography, FDG-PET) Z5%i#l, 0t 1
Mis 2R . B 2AM2 5 E M (cerebrospinal fluid,
CSF) HZobraily . N1 R4 R0 i 4 it =z 1] 7y
KH

1 HEFKBESSHHE

1.1 BESKR

AR ST P BOIE S ADNIECHE 5 (http:/adni.
loni.usc.edu) . ADNIJ& —Ti G2 9 mwF58, F
2003 4E A 8N, VEAAREEKEE RS, M
JEWFSE 51 Michael W. Weiner 4715, ADNI ) £ % H
broJ& K 7 %1 MRILL IE B 1 & 3 B )2 B 5%
(positron emission tomography, PET). HABA:#bxs
1CPA S RN 220 BRAEDEAT & A5 1T LLZS Aok
DL & 5% B DN 2 BB R S (mild cognitive
impairment, MCI) FlF- W] AD /€. ADNIfZ
HE RN ERINERA 59 E5E. XTI
1520 T A 2 5HU/MEFE G AL o A 25 51 2311
ke, AT TR AITA S S E A I R
WF 205 8., 15171R) http://www.adni-info.org,

TERXTRFE N, 2 511 55~90 2 AD, MCI
LA B 0T RECE A B, AT S8 R T AME 2 O
MMSE, ADAS-cogl3. IIfi J& i %% 3 43 (clinical
dementia rating, CDR) FIMRI, 45 ADNIHEE)
G PRA TR, AR SCGREUHH— 1A% (ADNI-1),
B T B0 E X CN - (n=207) . MCI, AD (n=186)
FI53 281, AR SCHR i bifi 1 1 [a) s P2 2 A5 a2 JEKs MCT

71 sMCI (n=201), pMCI (n=171),
1.2 ADNIHEEFEAMKI AL
121 p2bnifE

CN. MCI B AD %R 4E (1912 Wi o2 A 5 A
FEHEATIR,  ELRB A FIHE SR AR v e R A2 (R4 5 ep
CATEARE Y CNZIRE A ICIZ 186G, i
MCI F1 AD i i 52 18035 0 SE A 1812 T80 . CN
FRIEAL RS MMSE P73 24 f130 Z [8], CDR ¥
53200 MCI R A5 AL 46 A7 7E Wi A2 BB
MMSE 143 7£ 24 2 30 Z [A], CDR /0.5, H#&H 4
WIS OREE, JoBiIR . BR T W fE AD i NINCD/
ADRDA #1#fESl,  AD Bk .35 1) MMSE 1143 7E 20
F126 Z[8], CDR }0.58 1.0 22, AICK sMCIE
SCRTE 2D 2 4R I BE DT B A R E ' S AD (1) MC1 32
R, W pMCILE SR AE Bl 17 1 [a] A0 A o] i ] 1 &
J AD B MCL 32384 o HEBR 1 76 BLZR N 32 B hy
MCIHEFEFE A EIPK & CN B2k, LA AR
LT B2 W AD {HAE Bl 17 B ] K &2 R MCT 19 52
e
122 MiEFEER . BRI

TEPEES ), 7E CSFRAERTHY b4 8 i R 4E
MEbRAS, SERVBCAE T VK, I T R—Kizik 2=
A 35K 2E 1 ADNIAE W bR s A% O itE A7 b B
fifi il Absolute IDQ-p180 i& 7 & (BIOCRA TES
Life Science AG, Innsbruck, Austria) Fl#A 530K
% (UPLC) /MS/MS & 48, KR AR 41
2207 DN L IS TR . AbsoluteIDQ-p180 1t
I 5 CARTERR N 2= 270U A= W53 B 5 I 35 uE 4 R i
1T TS Sk . 2 BE W fiff F R 2 St S5 URR R AT A
1k, I {di ;] AB SCIEX 4000 QTrap Jii %1% (AB
SCIEX, Darmstadt, Germany) i ¥ A (433 53 5K
Fii% (HPLC-MS/MS) #EATHLIEZSE H B 4B 1224,
L pmol/L Ay SR e B A4 Gl o vk
1.2.3 CSFit-tau, p-taul S1IIISE

i | £ # xMAP-Luminex F & (Luminex
Corp, Austin, TX, USA) #l Innogenetics INNO-
BIA AlzBio3 %35 73 H i il e 5 CSF B 1R 1t tau
f5 M (phosphorylated-tau at threonine, p-tau) FIEL
taufE 1 (total-tau, t-tau), £ CSF RAEFI =AY
ADNI J 5 U R i s s il By 0 o8 23R difE 8., 18
i) http://www.adni-info.org
1.2.4 NHITIREFAL

AR AT RE B MMSE I ADAS-cog13 1T
VPl o BT 2R WEEAT TS IRy AR



2024; 51 (2

EHI, %: NEESKR. BREBRSMRRERFZEMHXR

437

12, 24, 361481 H.
1.2.5 WG 2F Tk

MRI PR, AHEFHARAE . GRS FA
RACH, 0L www.adni-info.org, M52, BMY
4G TUIMA MR EHR , A4 1.25 mmx1.25 mm -
1125 [A] 43 BER K SRR FL 3D MPRAGE, 1.2 mm &
IR TTFr, 8L, HAs TRZH 8.9 mm,
TE 29241 3.9 ms ' AXSCAH FH g 2 A = AR Bk
TN RGURTTIERAL o ERE T 5 AN R] A Y RS
Bim. L. 1290H . 2440 H . 364 H A4
A
1.2.6  fifCig

F|FH FDG-PET #F 9¢ fivi 7 % % {18 . ADNI
PET W% 5045 i) 4 AN b B2 B Lovelace 55 0 1Y
ik . TS 30~60 min K4E FDG IR EME, IE1E
TP f5 N ADNI 3 8BS . (5 M i)
FUART: . AT RIS A1 DX sk A R S MI T - g
H - EORAG T4~ 2 5 3 19 FDG frifE b
W W {8 b {d  (standardized uptake value ratio,
SUVR) . FDG-PET KU ¥d 2 fE & fn 12 H |
244-H . 361 H F148 4~ H BFRAR
1.3 FitAE

FIF T3 22 W AR 7 K 36 43 T B S 26 N 111 48
R EES . K LSD K564 51 70 B 0 & 1%
P& A MR 45 4H 0] 22 5% . Spearman AH M H T 4,
BIR . BEREIR S HAL AD . OFR S Z AR .
fii FH ROC [ Ze 53 #4145 B4~ AL D bm ic O i A2
Wrifedfhox (2 T, AUC). fiiH bootstrap /i

ARk F T PGS ) A8 £ (1 4~ AUC 22 [ 1Y)
e e, AR . BEEIRS AD AR H B
SR ol T R A AR 5] A L A8 XSS [0 U5 43
5 95% EAE X A] (Cls) AKX L (HRs) SKIF
i FEFEAT Cox FLAIRURE: [ 9 A0 A IS, MR A2
YIbR G 00 TR L BOR I LR . B BR 4 A T
Yl ARG ROV 0 T 075 LR . s
RS IZS R FA RIS R . SR
SRR (REZRME) FRbR (Rfes) FIfEL R
JEp i Sl B S e L S M S Y N L 2 2N 4 ()
TR F- (BT T e L 2 5 M R = )
RARBAEATRY . PRI BT s R . MR
5505 2R AR 18] 56 R IR AR WA . MRS N A
L AT LTS (LR . R S5 AR R E &R
BHRREARS . RSB IS AR AR AT I
O . B S INHZ8) C R RHE SR ARG |
PR, ZHERE) E2BdN . IrE G
fdi 11 SPSS 22 W4T . I AT geit i & e X
}1 P<0.05.

2 & R

21 ANOFIHZ4ER

AR SCHFTERT G L N O GEi24 . AEWbrby)
25T PR, A4 RAER TR 2R, &4
FPES] . ZHEAERR . APOEe4 5[5 A1 ASA T 43
W AWn &K S MMSE., 13 ADAS-
cogl3. MMM . 1 SRR 4 i (R R HA i
EFRR (FR1),

Table 1 Demographics of subjects at baseline

Variable CN sMCI pMCI AD
Age 75.68+4.98 74.71+7.63 74.72+7.02 75.26+7.46
Female 101 (48.79%)" 68 (33.83%)™ 66 (38.60%) 89 (47.85%)"
Education/year 16.08+2.88¢ 15.55+3.23¢ 15.73+2.88¢ 14.66+3.11%°
APOE4 0 (0, 1)*¢ 0 (0, 1) 1(0, )™ 10, 1)®
FDG-PET 1.29+0.12°¢ 1.22+0.13*¢ 1.15+0.11°¢ 1.070.13%¢

t-tau/(ng-L™") 232.73+89.17>¢ 298.39+165.55*¢ 335.92+115.87% 355.05+133.86%

p-tau/(ng-L™") 21.52+9.04°¢ 29.42:+17.96% 33.45+13.27° 35.91+15.6®

ADAS-cogl3 9.26+4.15¢ 17.22+6.09*¢ 21.24:+5.44 29.07+7.63%¢
MMSE 29.1+1.02%¢ 27.28+1.79*¢ 26.65+1.71% 23.3+2.06"°

50 467.87+25 291.42%
5 588.48+1 008.74%
953 251.77+107 515.33%¢

42 632.57423 854.75%
6 670.52+1 003.98*¢
1007 521.09+107 108.02¢¢

35038.93+20 166.52¢
7 267.32+£897.41%
1 006 643.75£100 784.35%¢

47 184.31423 250.63"
6 010.71+1 001.87*
981 233.53+112 614.77*

Ventricles/mm’
Hippocampus/mm?

Whole brain/mm?

Measurement data are expressed by mean and standard error unless otherwise indicated. P values indicate the values assessed with analyses of
variance for each variable except gender and APOEe4, where a contingency Chi-square was performed. Post hoc analysis provided significant

differences between groups: a from CN; b from sMCI; ¢ from pMCI; d from AD.
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5 CON4IAHEL, AD4] (71.03£14.54 ) pmol/L
(P<0.01) ., pMCI 4 (69.97£15.66) pmol/L (P<
0.001) FII sMCI 41 (72.55£15.72) pmol/L (P<
0.05) 7% (MR K- 0 E LT CN 4 (74.88+
13.7) pumol/L., #Rifii, sMCIZ]5 pMCIZHZ AL K
sMCI 45 AD 4 Z [A] ifi i 4.2 B8 /K V- T i 3 25 5

(a) *k
Heksk

150 - ¥

100 |

el pumol-L")

50

0 L 1 1 1
CN sMCl pMClI AD

pMCIZH Fll AD 20 22 (1] IfiL 375 2, 22 2 /K V-7 T b 2 2%
5. AD 4 (81.12+18.43) pmol/L (P<0.01) i
pMCI 4l (82.69+17.78) umol/L (P<0.05) Ifil. 1% %
AR AR T CN 4L (86.48+21.19) pmol/L.
SR AD 2415 sMCI 41, pMCIZHZ i), sMCI4 Y
CN4., pMCIZ TR EZER (K1),

(b)

]

250 - *

200

150 -

Cq,,/(pmol L~ o)

o0r

50 -

CN sMCl pMCl AD

Fig. 1 Serum tryptophan ( a ) and tyrosine (b ) levels in different diagnostic groups

Differences between groups were tested by LSD test, adjusted for age and gender. *P<0.05; **P<0.01; ***P<0.001.

23 MiFESER. BB 3 5TaulX R
fECN 4 (Try, r=0.146, P=0.148; Tyr, r=
-0.056, P=0.583). sMCI# (Try, r=-0.082, P=
0.433; Tyr, r=0.049, P=0.644). pMCI4 (Try,
=-0.134, P=0.220; =-0.113, P=0.301) .
AD % (Try, r=-0.113, P=0.275; Tyr, r=0.018,
P=0.860) ", L7 5.2 R A % 2 R 5 I W t-tau
Z BT R E A (K 2a, ¢, e, g)o AFEZHT
2H 1097 €0 2 R N 1 R 5 A W P-Taw 2Z [ 7R TG
FZHME (CN: Try, r=0.149, P=0.140; Tyr, r=
-0.066, P=0.514; sMCI: Try, r=-0.092, P=
0.378; Tyr, r=0.036, P=0.731; pMCI: Try, r=
-0.129, P=0.239; Tyr, r=-0.114, P=0.297; AD:
Try, r=—0.123, P=0.234; =-0.020, P=
0.844), (K2b, d, f, h),
24 MFESE. BIBMEE &ZOREDT
MCLK ADiI2 W B9 5 14
4T ROC 43 #r, A6 I i ¥t £ 220 12

Tyr,

Tyr,

CSF t-tau #1 CSF p-tau 5 sMCI, pMCIfl AD 5 FRi2
Wi 4 A 6Pk . 5 CN A, CSF t-tau il p-tau Xf
sMCI (2 f1&3a) . pMCI (218 3b) HIAD
(FL2MK 3c) A BFRZWIERTE. 7562 R
X pMCI (£ 2 FIE 3b) . AD (F2F1K 3c) A%
FHSWERRTE, X sMCL (2 & 3a) LW
FZWIERRPE . 075 I PR AD (3% 2 AT 3¢)
HA B 2B EenE, mxt sMCl (32 fE
3a). pMCI (2 M 3b) WL HmME. 55
ff) CSF t-tau, CSF p-tau L, M35 EER . BR
1% 43 5 5 CSF t-tau 5 CSF p-tau (1Y 2 & fHE 2 = XF
sMCI. ADiZWiiErfatt (2K 3a, ¢), HK
AGitee25 . 5HMA CSF ttau M L, LT
AR . W E R 595 CSF t-tau 1Y 414 e $2  4)
pMCLiZ Wi (I ERf 1 (2 K 3b) . 5 CSF p-tau
FALE, I (202 . %2082 53 35 CSF p-tau Y40
A AN BE 2 = XF pMCI 2 Wi iy viE R P (2 A
% 3b).
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Fig.2 Serum tryptophan and tyrosine in relation to CSF tau
Correlations between serum tryptophan or tyrosine levels and CSF t-tau in CN (a), sMCI (c), pMCI (e) and AD (g). Correlations between serum
tryptophan or tyrosine levels and CSF p-tau in CN (b), sMCI (d), pMCI (f) and AD (h).

Table 2 AUC of biomarkers

Tryptophan Tyrosine t-tau p-tau t-taut p-taut+ t-taut+ p-taut
tryptophan tryptophan tyrosine tyrosine
sMCI  0.549 (0.494, 0.545 (0.490, 0.614 (0.535, 0.623 (0.544, 0.625 (0.547, 0.634 (0.556, 0.644 (0.568, 0.651 (0.575,
0.604) 0.599) 0.692) 0.702) 0.704) 0.712) 0.720) 0.727)
P=0.080 P=0.113 P=0.005 P=0.003 P=0.002 P=0.001 P=<0.001 P=<0.001
pMCI  0.591 (0.534, 0.554 (0.497, 0.770 (0.704, 0.787 (0.723, 0.773 (0.707, 0.787 (0.723, 0.773 (0.707, 0.786 (0.722,
0.648) 0.611) 0.836) 0.851) 0.838) 0.851) 0.838) 0.850)
P=0.002 P=0.066 P=<0.001 P=<0.001 P=<0.001 P=<0.001 P=<0.001 P=<0.001
AD  0.578(0.523, 0.583 (0.528, 0.779 (0.715, 0.793 (0.729, 0.783 (0.719, 0.796 (0.733, 0.787 (0.724, 0.802 (0.740,
0.634) 0.638) 0.844) 0.856) 0.847) 0.860) 0.850) 0.865)
P=0.006 P=0.004 P=<0.001 P=<0.001 P=<0.001 P=<0.001 P=<0.001 P=<0.001

AUC: area under the receiver operator characteristics curve; sMCI: stable mild cognitive impairment; pMCI: progressive mild cognitive impairment;

AD: Alzheimer’s disease.
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Fig. 3 ROC analyses
ROC analyses were performed to test the CSF biomarkers, serum tryptophan and tyrosine in relation to clinical diagnoses for sMCI (a), pMCI (b) and
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Fig. 4 Baseline serum measures of tryptophan and tyrosine as a predictor of conversion from MCI to AD

Cox proportional hazard regression analyses were used to evaluate the relationships between tryptophan,tyrosine and the incidence of AD. Conversion

from MCI to AD as a function of serum tryptophan (a), tyrosine (b) measures (dichotomized at the median values) are shown. Analyses were adjusted

for age, education, and gender. Cutoff values were 70 pmol/L and 80 umol/L for tryptophan and tyrosine, respectively.
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The Associations of Serum Tryptophan and Tyrosine With Alzheimer’s Disease

REN Shu-Jiang, JING Xiao-Jun, ZHANG Hua’

(Department of Neurology, the First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China)

Abstract Objective A growing body of research suggests a strong link between metabolic imbalance and
Alzheimer’s disease (AD). In recent years, the development of metabolomics makes it possible to study the
characteristic changes of peripheral metabolism in AD. Serum levels of tryptophan and tyrosine were associated
with mild cognitive impairment (MCI) and AD. The purpose of this study is to further characterize tryptophan and
tyrosine levels in MCI and AD. Methods We stratified 765 participants from the Alzheimer’s Disease
Neuroimaging Initiative-1 (ADNI-1) cohort into cognitively normal (CN; »n=207), stable mild cognitive
impairment (sMCI; n=201), progressive mild cognitive impairment (pMCI; n=171), and dementia due to AD (n=
186). Serum tryptophan and tyrosine were analyzed for diagnostic value of MCI and AD. To evaluate the
relationships between serum tryptophan and tyrosine and cerebrospinal fluid (CSF) biomarkers, brain structure
(magnetic resonance imaging, MRI), cerebral glucose metabolism ("*F-fluorodeoxyglucose-positron emission
tomography, FDG-PET), and cognitive declines, through different cognitive subgroups. Results Serum
tryptophan was decreased in patients with AD, pMCI or sSMCI compared with CN. Serum tyrosine was decreased
in patients with AD or pMCI compared with CN. Serum tryptophan has diagnostic value for pMCI and AD.
Serum tyrosine has diagnostic value for AD. Conclusion Serum tryptophan and tyrosine contribute to the early
diagnosis of AD. The detection of tryptophan and tyrosine can contribute to the pathogenesis of AD. Serum
tryptophan and tyrosine were not significantly associated with core AD markers, cognitive function, brain

structure and brain metabolism, so serum tryptophan and tyrosine may not be good peripheral AD biomarkers.
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