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目的：パーキンソン病（PD）は，黒質線条体のドパミン作動性ニューロン変性以上の全
身性の症状を示すことから，PDに特異的な生化学的指標が，全身の代謝環境（metabolic 
milieu）または脳脊髄液（CSF）分画に認められるか否かを明らかにする。

方法：本研究の目標はPD進行のバイオマーカーを発見することであった。ガスクロマ
トグラフィーおよびタンデム質量分析計に連結した超高速液体クロマトグラフィーを用
い，未投薬の軽症PD患者49例（平均年齢：61.4歳，PDの平均罹病期間：11.4ヵ月）の血漿
とCSFにおいて，1.5kDa以下の小分子量成分の濃度を測定した。血漿および髄液検体は，
最長24ヵ月の間隔を置いてベースライン時と試験終了時の2回採取した。この期間中に
パーキンソン病統一スケール（UPDRS）Part 2＋3の平均スコアは47％（28.8から42.2）増加
した。測定した化合物について不偏（unbiased）単変量および多変量解析を実施し，least 
absolute shrinkage and selection operator（LASSO）を用いた変数選択により，データを
多重線形回帰に当てはめた。

結果：血漿中の生化学物質575種類とCSF中の生化学物質383種類の中から，LASSOに
より，ベースライン時から試験終了時のUPDRS Part 2＋3スコアの変化と強い正の相関

（0.87，p＝2.2e-16）を示すベースライン時の血漿生化学物質15種類が選択された。これらの
うち3種類はキサンチン構造をもち，4種類は中鎖または長鎖脂肪酸であった。LASSOが選
択した15種類のバイオマーカーをパスウェイ・エンリッチメント・ソフトウェアで解析し
たところ，代謝経路の関与は認められなかった。ドパミン代謝物であるホモバニリン酸の
CSF中濃度は，ベースライン時と試験終了時でほとんど変化せず，UPDRS Part 2＋3スコ
アの悪化との相関もごくわずかであった（0.29，p＝0.041）。

結論：血漿のメタボロミクス・プロファイリングは，PD進行の予測因子を示し，PDの病
因を明らかにするバイオマーカーを示した。
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図　複合指数とベースライン時から試験終了時のUPDRS Part 2＋Part 3スコアの変化との相関

avoided the potentially confounding effects of PD
drugs (such as levodopa27) by using samples only from
unmedicated participants. Earlier biomarker investi-
gations into PD progression have focused on meas-
ures of striatal dopaminergic neurotransmission.
While homovanillate is the predominant metabolite
and the end product of dopamine catabolism in hu-
mans,12 previous studies of CSF homovanillate con-
centration have yielded inconsistent results as to the
utility of this compound for cross-sectional analysis of
PD severity or for distinguishing patients with PD
from healthy controls.28 The current study confirms
that CSF homovanillate is not a useful biomarker of
PD progression.

CSF specimen findings.Of the 373 biochemicals iden-
tified in CSF, benzoate was the only one with
a change in concentration from baseline to final that
provided even moderate prediction of DUPDRS21 3
(0.48, p 5 0.00045). This compound, which is
derived from the catabolism of phenylalanine (a pre-
cursor of catecholamines), is also a common food
additive. Because CSF benzoate concentrations
exceed those in plasma, it likely originates from
endogenous metabolism rather than diet. In plasma
specimens, another metabolite derived from phenyl-
alanine, the dipeptide aspartylphenylalanine, also
changed substantially between the baseline and
final collections. The LASSO-selected combination
of aspartylphenylalanine, 1,3-dimethylurate, and
phenylcarnitine (table 4) provided a correlation
coefficient of 0.67 (p 5 1.54e216) with DUPDRS2 1 3.
Surprisingly, neither of these biochemicals was

among the 15 plasma constituents selected from
baseline data (table 2) that, as a group, provided
strong prediction of DUPDRS2 1 3.

Plasma specimen findings. As illustrated in the figure,
the best prediction of PD progression arose from a panel
of compounds measured in plasma specimens,
with a remarkably high correlation coefficient of 0.87
(p 5 2.2e216). Furthermore, the best predictor for
DUPDRS2 1 3 was in baseline specimen data rather
than the change in concentrations from baseline to final.

Purine metabolism findings. For the 15 plasma bio-
chemicals selected by LASSO for fitting in linear
regression analysis (table 2), a search with pathway
enrichment software found no overrepresentation
among metabolic pathways. However, we found some
classes of biochemicals (including several purine com-
pounds) that were predictive of worsening parkinsonism.
A previous metabolomic study also found several
purines with concentrations that differentiated PD
plasma samples from controls.24 Our prior metabolo-
mic analysis of postmortem CSF (which compared PD
to control samples) also reported that the purine inosine
was among 19 compounds found to offer the best
differentiation.16 The current data for baseline plasma
inosine (table 2) reveal that this compound has a mod-
erate inverse correlation with DUPDRS21 3 (23.53,
p5 0.013). Four metabolites of the purine compound
caffeine were among the biochemicals found to be bio-
markers of PD progression: theobromine, theophylline,
paraxanthine, and 1-methylxanthine. Between the
baseline and final specimen collections, the mean

Figure Correlations between composite indexes and baseline-to-final changes in UPDRS parts 2 1 3 scores

(A) Composite index for baseline plasma specimens (correlation coefficient 5 0.87, p 5 2.2e216). (B) Composite index for
baseline CSF specimens (correlation coefficient 5 0.58, p 5 1.33e25). UPDRS 5 Unified Parkinson’s Disease Rating Scale.
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（A）ベースライン時の血漿検体による複合指数（相関係数＝0.87，p＝2.2e-16）。（B）ベースライン時のCSF検体による複合指数（相関係数
＝0.58，p＝1.33e-5）。UPDRS＝パーキンソン病統一スケール。




