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Background: N-acetylaspartate (NAA) level is a bio-
marker of functional integrity and vitality in neurons. In
vivo multisection proton (‘H)—-magnetic resonance spec-
troscopy studies indicate that NAA level decreases in spe-
cific cortical brain areas of patients with amyotrophic lat-
eral sclerosis (ALS).

Objective: To study NAA level in serum samples as a
possible biomarker of ALS.

Design: Serum NAA assay by liquid chromatography—
mass spectrometry in a case-control series.

Setting: Department of Neurological and Psychiatric
Sciences, Policlinico, University of Bari, Bari, Italy.

Patients: One hundred twelve consecutive patients
with ALS and 51 age- and sex-matched healthy control
subjects.

Main Outcome Measures: General estimating equa-
tions tested associations between serum NAA level and
clinical variables in patients with ALS.

Results: Serum NAA level was significantly higher in ALS
cases than in controls. Multivariate logistic regression analy-
sis showed a direct association between serum NAA level
and the presence of ALS. After stratifying serum NAA level
based on the median value (0.171 mmol/L), the age- and
sex-adjusted odds ratio for ALS was 19.97 (95% confi-
dence interval, 7.18-55.55) (P<<.001). N-acetylaspartate
level did not differ across ALS clinical phenotypes. Rilu-
zole treatment did not affect NAA level. A significant cor-
relation was found between serum NAA level and ALS pro-
gression rate.

Conclusions: High serum NAA level was found in
patients with ALS, which may relate to greater excre-
tion of NAA into the blood circulation following
increased release of this metabolite from damaged
neurons. The correlation between serum NAA level
and disease progression rate suggests that it may be a
useful biomarker of ALS.
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MYOTROPHIC LATERAL SCLE-

rosis (ALS) is a chronic

progressive neurodegen-

erative disorder that causes

rapid loss of motor neu-
rons in the brain and spinal cord.! Diag-
nosis of ALS is based on clinical grounds,
and as in other neurodegenerative disor-
ders, no diagnostic or prognostic biomark-
ers are available with satisfactory speci-
ficity and sensitivity. N-acetylaspartate
(NAA) is a free amino acid synthesized pre-
dominantly in neuronal mitochondria by
the enzyme aspartate-N-acetyltransfer-
ase.”? One of the most abundant mol-
ecules in the central nervous system, the
exclusive localization of NAA in neurons
suggests that it may be a good biomarker
of neuronal viability.>* Daily turnover of
NAA is regulated through an intercom-
partmental cycle involving extracellular
fluids among neurons, oligodendrocytes,
and astrocytes.” Evidence suggests a con-
tinuous NAA efflux from neurons to blood

circulation, and in physiological condi-
tions, low serum NAA level relates to its
rapid glomerular filtration in the kid-
neys.®’ A slightly decreased NAA level in
the brain is a normal part of aging, par-
ticularly in older men.®? In contrast, patho-
logical decreases have been observed in the
brain of patients with Alzheimer disease,
Parkinson disease, and multiple sclerosis
(MS) by in vivo proton (*H)-magnetic
resonance spectroscopy or by postmor-
tem histopathological evidence.'*"* Low
NAA level was found in cortical brain re-
gions of patients with ALS,"*!" particu-
larly those with bulbar onset or upper mo-
tor neuron impairment.'*° To date, few
studies have performed NAA assay in bio-
logical fluid samples. A high NAA level has
been reported in cerebrospinal fluid (CSF)
of patients with ALS?' and recently in CSF
and serum of patients with MS,*** sug-
gesting enhanced efflux of NAA in bio-
logical fluids secondary to neuronal
impairment.

ARCH NEUROL/VOL 68 (NO. 10), OCT 2011

1308

WWW.ARCHNEUROL.COM

©2011 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwor k.com/ on 03/03/2022



Table 1. Clinical and Demographic Features of Amyotrophic Lateral Sclerosis (ALS) Cases and Control Subjects
ALS Cases Healthy Control Subjects

Variable (n=112) (n=51)
Age at observation, y

Mean (SD) 64.8 (10.8) 62.6 (11.9)

Median (range) 66.5 (32-86) 66.4 (40-84)
Sex, No.

Male 67 31

Female 45 20
Disease duration from symptom onset to evaluation, mo

Mean (SD) 40.1 (42.7) NA

Median (range) 21.9 (3-183) NA
Diagnostic delay, mo

Mean (SD) 18.7 (19.7) NA

Median (range) 12.0 (1-128) NA
Revised ALS Functional Rating Scale score

Mean (SD) 33.77 (8.59) NA

Median (range) 36 (12-48) NA
Medical Research Council Scale score

Mean (SD) 7.8(2.2) NA

Median (range) 8.8 (0-10) NA
Disease progression rate, per month

Mean (SD) 0.73 (0.79) NA

Median (range) 0.46 (0.00-4.80) NA
Site of symptom onset, No.

Spinal 87 NA

Bulbar 25 NA
Predominate motor neuron signs, No.

Upper 39 NA

Lower 73 NA
Riluzole

Treated, No. 65 NA

Untreated, No. 47 NA
Treatment duration, mo

Mean (SD) 27.7 (33.5) NA

Median (range) 11.6 (0.8-144.7) NA

Abbreviation: NA, not applicable.

The objectives of the present study were 2-fold: (1)
to determine whether serum NAA level differs between
patients with ALS and healthy control subjects and (2)
to examine what associations exist between serum NAA
level and ALS clinical phenotypes.

o EEETEEES

STUDY POPULATIONS

The study analyzed 112 patients with ALS and 51 age- and sex-
matched healthy control subjects. Patients with ALS were con-
secutively recruited among outpatients attending the ALS mul-
tidisciplinary center of the Department of Neurological and
Psychiatric Sciences, Policlinico, University of Bari, Bari, Italy.

For the control group, 11 healthy individuals (age range,
40-59 years) were consecutively recruited among blood do-
nors attending the blood bank service, University of Bari, and
the remaining 40 healthy individuals (age range, 61-82 years)
were consecutively recruited among patients attending the Cen-
ter for Brain Aging and Memory, Department of Geriatrics, Uni-
versity of Bari. For the latter group, any systemic disease or cen-
tral nervous system involvement was preliminarily excluded
by clinical evaluation and by hematological and radiological in-
vestigations (brain computed tomography or magnetic reso-
nance imaging) and then by a standardized battery of neuro-
psychological tests.

For the ALS group, diagnosis was made according to Airlie
House criteria.** All patients had sporadic ALS. No patients with
familial ALS were included in the study. Based on the site of symp-
tom onset, patients were classified as having (1) bulbar ALS when
the onset of symptoms was in the bulbar region or (2) spinal ALS
when the onset of symptoms was in cervical, thoracic, or lumbar
regions.” Patients were also classified based on the presence of
predominantly upper motor neuron signs or lower motor neu-
ron signs, considering the extent of upper and lower involve-
ment and the number of affected regions at the time of evalua-
tion.?® The motor and functional status of patients with ALS was
assessed using the Medical Research Council Scale*” and the Re-
vised ALS Functional Rating Scale (ALSFRS-R).*® Disease pro-
gression rate was calculated as follows: [(48 - ALSFRS-R Score at
Evaluation)/Disease Duration From Symptom Onset to Evalua-
tion].?* All individuals gave their informed consent to partici-
pate in the study, which was approved by the institutional re-
view board of the University of Bari.

ANALYSIS OF NAA LEVEL

N-acetylaspartate level was measured in serum samples from
cases and controls using liquid chromatography—mass spectro-
metry according to the method described by Ruggieri et al.*°
The NAA level was expressed in millimoles per liter. N-
acetylaspartate for use as an internal standard was obtained com-
mercially (Sigma; St Louis, Missouri). Analysis was performed
on a C18 column in a high-performance liquid chromatogra-
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Figure. Serum N-acetylaspartate (NAA) levels in healthy control subjects and
in patients with amyotrophic lateral sclerosis (ALS). Box represents the 25th
and 75th quartiles; whiskers, range; and horizontal line in the box, the
median.*P<.001.

phy system (Agilent 1100 Series; Agilent Technologies, Palo
Alto, California). An isocratic gradient was used, and liquid chro-
matography—mass spectrometry was performed on a system
(Finnigan Mat Spectra System P4000; Agilent Technologies, Palo
Alto, California) connected to an ion trap mass spectrometer
(Thermo Quest LCQ Duo; Agilent Technologies). The range
of 5.7 to 57 umol/L was explored, with a detection limit of 0.1
pmol/L. The intraday and interday (10 times for both) coeffi-
cients of variation were 2.1% and 6.2%, respectively. Readers
(M.R. and E.C.) were blinded to all clinical information.

STATISTICAL ANALYSIS

Clinical and paraclinical variables were expressed as means (SDs)
and as medians (ranges). Nonparametric statistical tests were used
because of the nonnormal distribution of most variables. Com-
parisons between groups were performed using the Mann-
Whitney and Kruskal-Wallis tests, followed by pairwise post hoc
analysis corrected for multiple comparison (Dunn post hoc cor-
rection). Correlations between variables were tested by Spear-
man rank correlation and by multiple linear regression analyses.
Finally, we studied the association between serum NAA level and
ALS case or control status using a multivariate logistic regres-
sion model. We used NAA level in the model as a categorical vari-
able, stratifying serum NAA level based on the median value.
P<.05 was considered statistically significant. All statistical analy-
ses were performed using commercially available software (SPSS
version 8.0; SPSS Inc, Cary, North Carolina).

BN RESULTS R

Table 1 gives the clinical and demographic character-
istics of cases and controls, who did not differ in age or
sex distributions. Based on revised El Escorial criteria
for diagnosis,** fifty-nine patients had definite ALS, 22
had probable ALS, 8 had probable ALS with laboratory
evidence, and 23 had possible ALS. Eighty-seven
patients (77.7%) had spinal onset of disease. Upper
motor neuron signs were predominant in 39 patients
(34.8%) at the time of evaluation. The mean disease

duration from symptom onset to evaluation was 40.2
(42.7) months. The mean diagnostic delay (interval
between symptom onset and diagnosis) was 18.7 (19.7)
months. The mean disease progression rate was 0.73
(0.79) per month. Sixty-five patients (58.0%) were
receiving riluzole therapy.

Serum NAA level was significantly higher in ALS cases
(mean, 0.184 [0.027] mmol/L; median, 0.185 [0.110-
0.260]) mmol/L than in controls (mean, 0.086 [0.062]
mmol/L; median, 0.060 [0.025-0.300] mmol/L) (P<.001,
Mann-Whitney test) (Figure). Using ALS status as a de-
pendent variable in a logistic regression model, high se-
rum NAA level was strongly associated with the pres-
ence of ALS. After stratifying serum NAA level based on
the median value (0.171 mmol/L), the unadjusted odds
ratio for ALS was 15.20 (95% confidence interval, 5.94-
38.85; P<<.001); the results did not change after adjust-
ment for sex and age (Table 2). In controls, NAA level
was significantly higher in men (mean, 0.110 [0.068]
mmol/L; median, 0.090 [0.029-0.297] mmol/L) than in
women (mean, 0.048 [0.016] mmol/L; median, 0.049
[0.025-0.088] mmol/L) (P=.001, Mann-Whitney test).
In cases, there was no difference in NAA level by sex
(mean, 0.188 [0.027] mmol/L; median, 0.188 [0.147-
0.256] mmol/L in men; and mean, 0.179 [0.027] mmol/L;
median, 0.178 [0.110-0.234] mmol/L in women). Fur-
thermore, a negative correlation between serum NAA level
and current age was found in controls (r,=-0.64; P<<.001,
Spearman rank correlation) but not in cases. The N-
acetylaspartate level did not differ across ALS clinical phe-
notypes. Riluzole treatment did not affect NAA level. How-
ever, subgroups of cases showed significantly higher serum
NAA level than controls (Table 3).

In cases, a significant correlation was found between
serum NAA level and ALS progression rate (r,=0.3; P=.01,
Spearman rank correlation). This was confirmed by mul-
tiple linear regression analysis (1*=0.18, P=.01). No cor-
relation was found between NAA level and site of symp-
tom onset, Medical Research Council Scale score,
ALSFRS-R score, diagnostic delay, or riluzole treatment
duration.

BN COMMENT Ry

In a previous study,” a high NAA level was observed in
the CSF of patients with ASL by high-performance liq-
uid chromatography. To date, our study is the first to dem-
onstrate that a serum NAA level is significantly higher
in patients with ALS compared with healthy controls. High
NAA level in CSF and in serum is consistent with de-
creased NAA noted in the motor cortex by in vivo 'H-
magnetic resonance spectroscopy studies.'*!”
Although our data are preliminary, possible mecha-
nisms underlying the observed increased serum NAA level
should be analyzed. In normal conditions, the first route
for NAA clearance is its transfer from neurons to oligo-
dendrocytes, where the enzyme aspartoacylase cleaves
the acetate moiety for use in fatty acid and steroid syn-
thesis.> In pathological conditions, such as ALS, dam-
aged neurons may increase the release of NAA in the ex-
tracellular space. From here, NAA is then preferentially
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Table 2. 0dds Ratios for Amyotrophic Lateral Sclerosis (ALS) After Stratifying Serum N-acetylaspartate (NAA) Level
Based on the Median Value

NAA Level, ALS Cases, 0dds Ratio (95% Confidence Interval)

Median (SD), No. (%) I 0
mmol/L (N=112) Unadjusted Adjusted for Age Adjusted for Age and Sex
=0.171 (0.107) 37 (33.0) 15.2 (5.94-38.85) 19.41 (7.02-53.61) 19.97 (7.18-55.55)

>0.171 (0.200) 75 (67.0)

P value for trend <.001 <.001 <.001

Table 3. Serum N-acetylaspartate (NAA) Level in Subgroups of Amyotrophic Lateral Sclerosis (ALS) Cases vs Control Subjects?

ALS Cases
Healthy
Spinal Bulbar P-UMN P-LMN Riluzole Riluzole Control
Onset Onset Signs Signs Treated Untreated Subjects
(n=87) (n=25) (n=39) (n=73) (n=65) (n=47) (n=51)
NAALevel, I ] I I I I 1
mmol/L A B C D E F G
Mean (SD) 0.186 (0.028) 0.180 (0.025) 0.183 (0.030) 0.190 (0.026) 0.180 (0.030) 0.190 (0.024) 0.086 (0.062)

Median (range) 0.190 (0.110-0.260) 0.184 (0.136-0.230) 0.188 (0.136-0.256) 0.183 (0.110-0.245) 0.190 (0.110-0.256) 0.190 (0.110-0.256) 0.060 (0.025-0.300)

Abbreviations: P-LMN, predominately lower motor neuron; P-UMN, predominately upper motor neuron.
3Avs Bvs G, 69.0 (Kruskal-Wallis test); A vs G and B vs G, P<<.001 for both (Dunn post hoc correction). C vs D vs G, 68.8 (Kruskal-Wallis test); C vs G and D
vs G, P<.001 for both (Dunn post hoc correction). E vs F vs G, 69.7 (Kruskal-Wallis test); E vs G and F vs G, P<<.001 for both (Dunn post hoc correction).

taken up into astrocytes and excreted into the blood disease duration from symptom onset to evaluation, is
circulation.* the best predictor of patient survival.*®

Although the median difference in NAA level be- In disagreement with in vivo 'H-magnetic resonance
tween cases and controls was small (approximately twice spectroscopy studies'®?° that reported significantly de-
as much), the increase in patients with ALS is statisti- creased NAA level in the cortex areas of patients having
cally significant. Previous studies indicate more signifi- ALS with bulbar onset vs spinal onset or with upper mo-
cant increases in serum NAA level in the acute phase of tor impairment vs lower motor impairment, we found no
ischemic stroke? and in MS.?? In MS, a high NAA level association between serum NAA level and ALS clinical phe-
has been found in CSF samples of patients with relapsing- notypes. Although a biomarker in serum cannot localize
remitting MS but not secondary progressive MS, sug- the specifically affected brain region, we can speculate that
gesting that the CSF NAA level is lower in the advanced it reflects damage within the central nervous system.
stage of the disease.”>** These data underline that ische- A previous 'H-magnetic resonance spectroscopy study®
mic or inflammatory acute events are characterized by a showed restored brain NAA level in patients treated with
major increase in NAA leakage following acute neuro- riluzole, probably related to recovery of mitochondrial
nal damage, whereas in neurodegenerative processes NAA function in sublethal injured neurons, whereas in an-
increase is less evident, following a slower but progres- other study* describing an experimental model of hu-
sive pathological neuronal impairment. man neuroblastoma cells, riluzole decreased levels of NAA

In agreement with previous in vivo 'H-magnetic reso- and N-acetylaspartylglutamate. Our study found no cor-
nance spectroscopy studies,®*?>> we found an age- relation between riluzole treatment and NAA level.
related decline in serum NAA level among controls.*® This In conclusion, the serum NAA level may be consid-
suggests that in a physiological event like aging the re- ered a biomarker of disease progression in patients with
duced serum NAA level might be a result of reduced NAA ALS. The results of this study are preliminary and need
synthesis secondary to age-related neuronal energetic im- to be confirmed in a prospective study.
pairment.”® In our ALS population, the high NAA level
was independent of possible confounding factors, such Accepted for Publication: March 14, 2011.
as age and sex, and could be an expression of the neu- Correspondence: Isabella L. Simone, MD, Department
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