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Abstract Biomarkers are the measurable changes associated with a physiological or pathophysio-

logical process. Unlike blood, urine is not subject to homeostatic mechanisms. Therefore, greater

fluctuations could occur in urine than in blood, better reflecting the changes in human body. The

roadmap of urine biomarker era was proposed. Although urine analysis has been attempted for clin-

ical diagnosis, and urine has been monitored during the progression of many diseases, particularly

urinary system diseases, whether urine can reflect brain disease status remains uncertain. As some

biomarkers of brain diseases can be detected in the body fluids such as cerebrospinal fluid and blood,

there is a possibility that urine also contain biomarkers of brain diseases. This review summarizes the

clues of brain diseases reflected in the urine proteome and metabolome.
Introduction

The use of effective biomarkers has great significance for the
prediction, diagnosis, monitoring, treatment, and prognosis

of many diseases. Urine is not subject to homeostatic mecha-
nisms and accommodate many changes that may reflect status
of the body, such as pregnancy, aging, and daily rhythms [1].
These changes may be used as promising biomarkers [2].

Therefore the roadmap of urine indicator as the future of bio-
marker applications was proposed [3]. Currently, most studies
on urinary biomarkers have focused on kidney diseases due to

the close relationship between the kidneys and urine [4,5]. The
lack of attention to urinary biomarkers in other diseases, like
brain diseases, may be due to the fact that anatomically, the

brain and urine are not closely related and there exists the fil-
tering effect of the blood–brain barrier and the kidneys. Most
brain disease studies have focused on cerebrospinal fluid (CSF)
and blood [6,7], in which changes caused by brain diseases may

be attenuated by homeostatic mechanisms. However, the
potential presence of brain disease biomarkers in urine is
largely neglected, and there are only a few urinary biomarker

studies on brain diseases. Although the brain and urine are
nces and
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distantly apart and a direct relationship is hard to establish
with current scientific knowledge, we cannot rule out the pos-
sibility that changes present in the brain are somehow reflected

in urine. Here, we summarize urinary proteomics and metabo-
lomics applications for the study on brain diseases, which may
be useful for researchers interested in exploring the field.

Omics technology including proteomics and metabolomics
has garnered a lot of attention recently in the biomarker field
thanks to its high-throughput and high-sensitivity capacities.

Urine has been commonly examined in omics fields. Proteins
in the urine mainly come from blood by filtration and the kid-
neys/urinary tracts by secretion. It was previously believed that
urine contains very few proteins. However, a recent study indi-

cated that the content of urinary proteins from normal subjects
is 0–0.8 g/l [8]. Nonetheless, urine contains fewer high abun-
dance proteins than blood, which makes the identification of

urinary proteins relatively easy since no high abundance sup-
pression exists. Six thousand proteins can be identified in urine,
indicating the complexity of the urine proteome and highlight-

ing the availability of the urine proteome for the study of
biomarkers (personal communication). Currently, urinary pro-
teomics is mainly used to search for biomarkers of kidney dis-

eases, such as IgA nephropathy [9], renal cell carcinoma [10],
and kidney transplant [11]. However, urinary proteomics can
also be used to study a variety of diseases, such as sleep apnea
[12], eclampsia [13], and cardiovascular diseases [14].

Through urinary metabolomics, small molecule metabolites
in urine with molecular weights less than 1000 Da can be com-
prehensively analyzed. Metabolites in urine may reflect state of

the body to some extent and serve as informative biomarkers
for some diseases. Urinary metabolomics has been widely used
in the studies of various diseases, including diabetic nephropa-

thy [15], acute kidney injury [16], chronic heart failure [17],
liver cancer [18], and breast cancer [19].

The main purpose of the biomarker studies is to identify

specific and stable biomarkers for a particular disease. Because
many diseases are heterogeneous, finding a single biomarker
relative to one disease is difficult. Thus, a panel of proteins
or metabolites identified by omics technology is considered

feasible and would be desirable biomarkers of the disease. In
addition, the search for brain disease biomarkers in urine
may pose challenges because their changes in the urine are

sensitive and can be affected by many factors transiently.
However, only stable changes that are strongly associated with
disease can be effective biomarkers. Such changes can only be

considered specific if they are independent of impact of tran-
sient factors. In the current review, we summarized previous
studies searching brain diseases biomarkers in urine by
proteomics and metabolomics.
Neuropsychiatric disorders

Major depressive disorder

Major depressive disorder (MDD) is a severe neuropsychiatric
disorder that is characterized by disordered mood, cognition,
neurovegetative functions, and mental activity [20]. Clinically,
the diagnosis of MDD is mainly based on a subjective

symptom assessment, while no objective and effective measure-
ments are available so far [21]. Therefore, biomarkers that can
enhance traditional symptom-based assessments and predict
treatment response are greatly needed in clinical settings.

In order to search biomarkers of MDD, urine of 42 first-
episode drug-naı̈ve MDD subjects and 28 normal subjects
was analyzed using a peptidomics method, which mainly tar-

geted the small polypeptides. Five peptides (m/z 8307.22,
3222.17, 4640.35, 5072.14, and 1196.47) were selected from
the 29 putative urinary peptides for establishing a candidate

classification model. This model showed good diagnostic per-
formance for MDD with a 90.5% sensitivity (38/42), a
92.9% specificity (26/28), and a 91.4% accuracy (64/70). Four
of these five peptides have been identified to correspond to

four known proteins, including serum albumin (m/z 1196.47),
alpha-1-microglobulin/bikunin precursor (AMBP, m/z
3222.17), heparan sulfate proteoglycan (HSPG, m/z 4640.35),

and apolipoprotein A-I (APOA1) (m/z 5072.14) [22]. Among
them, altered expression of APOA1 has previously been corre-
lated with several other psychiatric disorders [23,24].

In addition, urinary metabolomics was also used for MDD
biomarker identification. Urinary metabolomes of a training
set (82 first-episode, drug-naı̈ve MDD subjects and 82 normal

subjects) were measured using nuclear magnetic resonance
(NMR) [25]. Metabolites associated with tricarboxylic
acid (TCA) cycle, intestinal microflora metabolism, and
tryptophan-nicotinic acid pathway were altered in the MDD

patients’ urine. A receiver-operating characteristic (ROC)
curve analysis was performed to evaluate the validity of
these possible biomarkers. A biomarker classification model

consisting of formate, malonate, N-methylnicotinamide,
m-hydroxyphenylacetate, and alanine showed the highest pre-
dictive power forMDD, in which the area under the ROC curve

(AUC) of this classification model was 0.81 in the training sam-
ples and 0.89 in the test samples. This specific classification
model also performed well in a test set despite of a lack of age

matching. In a follow-up study, urine from the same MDD
and control subjects were analyzed by gas chromatography-
mass spectrometry (GC–MS) [26]. Six metabolites (sorbitol,
uric acid, azelaic acid, hippuric acid, quinolinic acid, and tyro-

sine) were selected from 23 differential metabolites and consid-
ered promising biomarkers for MDD diagnosis (0.905 of AUC
in training samples and 0.837 of AUC in test samples). A com-

posite model add N-methylnicotinamide, which was identified
in a previous study [25], to the six aforementioned metabolites
performed even better (AUC: 0.909 in training samples and

0.917 in test samples) compared to the current model with six
metabolites only in distinguishing MDD patients from controls
[25]. Metabolic pathway analysis showed disturbances in
peripheral glucose metabolism, perturbed kynurenine pathway

metabolism, disturbances in the tyrosine-phenylalanine path-
way, and increased oxidative stress in MDD patients. These
two studies identified some candidate urinary biomarkers with

the potential for diagnosing MDD in the future clinical setting
and demonstrated the power of the metabolomics-based
method for searching MDD biomarkers. However, large sam-

ples from a heterogeneous population are needed to validate
the applicability and sensitivity of these candidate diagnostic
models. The correlation between these differential metabolites

and MDD must also be further investigated to understand the
pathological mechanisms and therapeutic targets.
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Bipolar disorder

Bipolar disorder (BD) is a debilitating and life-long psychiatric
disorder, affecting up to 1% of the population worldwide [27].
The pathogenesis of BD remains unclear [28], and currently,

BD is mainly diagnosed according to the subjective identifica-
tion of disease symptoms.

The aforementioned metabolites azelaic acid and N-
methylnicotinamide in urine are also candidate biomarkers

for BD. In order to searching biomarkers of BD, the urinary
metabolomes of 78 BD patients and 43 normal subjects were
analyzed by combining NMR and GC–MS [29]. A biomarker

panel containing five metabolites (azelaic acid, 2,4-
dihydroxypyrimidine, b-alanine, pseudouridine, and a-
hydroxybutyrate) was established as a candidate diagnostic

model. The AUC of this model was 0.974 in the training set
and 0.964 in the test set, which suggest a solid performance.
This biomarker model had better accuracy than previous ones

with GC–MS or NMR metabolomics separately, suggesting
that the integration of these two technologies can be used to
obtain a more comprehensive and reliable biomarker model
of BD than using either method alone [30,31]. Most of the

patients recruited in these studies underwent treatment with
anti-psychotic medications. Nonetheless, the influence of med-
ications on metabolome profiles has not been evaluated, which

however would presumably make it more difficult to find speci-
fic biomarkers for BD.

It is of note that BD patients exhibit gender-specific pheno-

types, such as the differences in the age of onset and lobular
volumes [32,33]. Chen et al. thus examined gender-specific
BD urinary biomarkers using NMR-based metabolomics
[34]. A male-specific biomarker model (a-hydroxybutyrate,
choline, formate, and N-methylnicotinamide) and a female-
specific biomarker model (a-hydroxybutyrate, oxalacetate,
acetone, and N-methylnicotinamide) were differentially estab-

lished to distinguish BD subjects of different genders from
their healthy counterparts. It is probably not surprising that
the male-specific biomarker model poorly distinguished female

patients from controls, and the female-specific biomarker
model poorly distinguished male patients from controls. Other
than the metabolites mentioned above, several other metabo-

lites are present at different levels in urine between the male
and female BD patients. Therefore, gender-specific studies
may identify more sensitive biomarkers for accurate diagnosis.

Autistic spectrum disorders

Autistic spectrum disorders (ASDs) represent a complex series
of neurodevelopmental diseases and are usually diagnosed in

the first three years of life [35]. Because there are no objective
tests for diagnosis, clinical signs are commonly used, such as
social skill deficits, communication deficits, and deficiency in

play skills.
Yap et al. compared urinary metabolomes of ASD children

and healthy controls using NMR method [36]. The alterations

in mammalian-microbial cometabolites as well as metabolites
associated with nicotinic acid metabolism were mainly observed
in ASD children. In addition, the levels of several amino acids in
urine, including taurine, glutamate, and N-acetyl glycoprotein

fragments were altered in ASD children as well. Additionally,
perturbations in gut microbiota, includingClostridium sp., have
been revealed in ASD children in previous study [37]. Further-
more, increased concentrations of several organic acids and sug-
ars, such as 3-(3-hydroxyphenyl)-3-hydroxypropanoic acid,

five-carbon sugars, and ribose, were detected in the urine of
ASD children in a GC–MS-based metabolomics study, whereas
concentrations of fructose, 1,2,3-butanetriol, and propylene

glycol were markedly decreased in the urine of ASD children
relative to controls [38]. Meanwhile, increased concentrations
of 3-(3-hydroxyphenyl)-3-hydroxypropanoic in urine have been

found in children diagnosed with ASD or schizophrenia [39],
which may derive from m-tyrosine, a bacterial metabolite that
can lead to symptoms of autism in rats [40]. Perturbation of
organic acid and sugar levels in urine of ASD children was also

found in another study [41], indicating that these metabolites
have the potential to serve as biomarkers of ASD and may help
in ASD diagnosis, identification of subtypes, and search for

potential therapeutic targets.

Schizophrenia

Schizophrenia is a severe emotional disorder characterized by
a retreat from reality with the formation of delusions [42].
There are no effective objective diagnostic methods for this dis-

ease yet. Cai et al. analyzed the global metabolomic profile and
the specific neurotransmitter metabolites in the urine of
schizophrenia subjects (first-episode neuroleptic-naı̈ve) and
normal subjects. Urine samples were taken before and after

6-week of risperidone monotherapy [43]. The concentrations
of several neurotransmitter metabolites, such as glucosamine,
glutamic acid, and vanilmandelic acid, were altered in the urine

of patients. In addition, the concentrations of creatinine,
a-KG, citrate, valine, and glycine were altered in urine in
schizophrenia patients as well. These findings suggest abnor-

malities in energy and amino acid metabolism in schizophrenia
patients. In another study, serum and urine samples from schi-
zophrenic subjects and normal subjects were analyzed by a

combination of NMR and MS [44]. A compound biomarker
model using five serum metabolites (glycerate, eicosenoic acid,
b-hydroxybutyrate, pyruvate, and cystine) and one urinary
metabolite (b-hydroxybutyrate) was identified. This model

can distinguish schizophrenic subjects from normal subjects
with a good accuracy (AUC = 1). In addition, levels of fatty
acids and ketone bodies in the serum and urine were increased,

indicating that glucose deficiency in the brain of schizophrenic
patients may possibly result in increased fatty acid catabolism.

These studies established the foundation of exploiting the

laboratory-based diagnostic tests for psychiatric disorders
and have identified some candidate urinary biomarkers
(Table 1). However, the sample sizes (no more than two hun-
dred) recruited in these studies were relatively small. Therefore,

subsequent larger-scale clinical studies are needed before
applying to clinical settings.

Cerebrovascular disorders

Stroke

Stroke is a common degenerative disease with high mortality

and morbidity. It is characterized by a variety of neurological
symptoms, resulting from sudden blockage or bleeding of
brain blood vessels [45]. Currently, the clinical assessment of



Table 1 Summary of urinary biomarkers of human neuropsychiatric disorders

Disease Method
No. of

patients

No. of

controls

Potential biomarkers
Ref.

Upregulated Downregulated

MDD MALDI-TOF MS-based peptidomics 66 41 Serum albumin, apolipoprotein A-I, HSPG Protein AMBP [22]

NMR-based metabolomics 134 126 Formate, alanine Malonate, N-methylnicotinamide,

m-hydroxyphenylacetate

[25]

GC–MS-based metabolomics 134 126 Sorbitol, uric acid, azelaic acid Hippuric acid, quinolinic acid, tyrosine [26]

BD NMR and GC–MS-based metabolomics 71 126 Azelaic acid, b-alanine, a-hydroxybutyrate Pseudouridine, 2,4-dihydroxypyrimidine [29]

GC–MS-based metabolomics 71 94 2,4-Dihydroxypyrimidine [30]

NMR-based metabolomics 86 96 a-Hydroxybutyrate, isobutyrate Choline, N-methylnicotinamide [31]

NMR-based metabolomics 42 male 53 male a-Hydroxybutyrate, formate Choline, N-methylnicotinamide [34]

NMR-based metabolomics 44 female 43 female a-Hydroxybutyrate Oxalacetate, acetone,

N-methylnicotinamide

[34]

ASD NMR-based metabolomics 39 62 N-methyl-2-pyridone-5-carboxamide,

N-methyl nicotinic acid, taurine,

N-methyl nicotinamide

Glutamate [36]

NMR-based metabolomics 21 21 3-(3-Hydroxyphenyl)-3-hydroxypropanoic,

3,4-dihydroxybutyric acid, glycolic acid,

glycine, cis-aconitic acid

Fructose, 1,2,3-butanetriol, propylene glycol [38]

GC–MS-based metabolomics 14 10 Oxalic acid, b-hydroxybutyric acid, ribonic

acid, m-hydroxybenzoic acid

Phosphoric acid, sebacic acid [41]

Schizophrenia MS/MS, UPLC–MS and NMR-based metabolomics 11 11 Uric acid, pregnanediol, valine, glycine,

glucose

Creatinine, hippurate, creatine,

citrate, a-KG, taurine, TMAO

[43]

GC-TOF and NMR-based metabolomics 112 120 b-Hydroxybutyrate [44]

Note: MDD, major depressive disorder; BD, bipolar disorder; ASD, autism spectrum disorder; HSPG, basement membrane-specific heparan sulfate proteoglycan core protein; AMBP, alpha-1-

microglobulin/bikunin precursor; a-KG, a-ketoglutaric acid; TMAO, trimethylamine-N-oxide.
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stroke is based on clinical signs supplemented by imaging such
as computed tomography (CT) and magnetic resonance imag-
ing (MRI). The accuracy of CT is approximately 82% at 6 h of

cerebral ischemia, which unfortunately is beyond the therapeu-
tic window for intravenous recombinant tissue plasminogen
activator (tPA) [46]. On the other hand, the false negative rate

of MRI is as high as 17% and cannot be applied to patients
with pacemaker, metal stents, and other implants [47].

The first study on the urinary proteomic biomarkers for

stroke was performed by using 2-DE to examine the impact
of salt loading on the protein abundance in both urine and
serum of three rat strains: Wistar-Kyoto rats, spontaneously
hypertensive stroke-prone rats, and spontaneously

hypertensive rats [48]. It was found in SHRSP rats that several
proteins, including hemopexin, albumin, transferrin, a2-HS-
glycoprotein, kallikrein-binding protein, a1-antitrypsin,
Gc-globulin, and transthyretin, appeared in urine prior to
the clinically apparent stroke symptom after a period of salt
loading. These data suggest possible early stroke diagnosis

based on urinary proteomics. In a later study, urinary pro-
teomes of stroke patients and healthy controls were analyzed
by using capillary electrophoresis (CE)-MS. As a result, two

biomarker models each consisting of 14 biomarkers (AUC
0.75) or 35 biomarkers (AUC 0.86) were established [49].
These biomarkers showed good distinguishing ability between
patients and normal controls in the test samples. Furthermore,

a classifier based on 34 potential biomarkers selected from dif-
ferential molecules was strongly correlated with the severity of
stroke. However, the reliability of this study may be compro-

mised by the presence of several confounding factors that pos-
sibly affect renal function in patients and controls, including
diabetes mellitus, hypertension, and the use of some medica-

tions, such as alpha-blocker, calcium channel blocker.
Nonetheless, this was the first attempt to search urinary
biomarkers of stroke using MS-based proteomics, providing

significant clues for future studies.
Urinary metabolomics can also be employed to search for

stroke biomarkers. For instance, Jung et al. found that the
urine metabolome of stroke patients differed from that of

healthy controls [50]. The major alterations in urinary metabo-
lites of stroke subjects include reduced concentrations of
dimethylamine, glycine, and hippurate. Decrease in these

metabolites was associated with folic acid deficiency and
hyperhomocysteinemia, which have been reported to be asso-
ciated with an increased risk of both cognitive impairment

and stroke [51]. These studies identified some candidate
biomarkers (Table 2) for diagnosis and provided some insights
into the possible pathogenesis of stroke. More technology plat-
forms may also be applied in future to investigate the compre-

hensive proteic and metabolic characteristics of stroke and
search for effective biomarkers.

Neurodegenerative diseases

Neurodegenerative diseases include Alzheimer’s disease (AD),

Parkinson’s disease (PD), multiple sclerosis (MScl), and trans-
missible spongiform encephalopathies (TSEs). Early interven-
tion and treatment can effectively slow down the progress of
these diseases. Therefore, there is an urgent need to find effec-

tive biomarkers for the prediction, diagnosis, monitoring, and
treatment of these diseases.
Alzheimer’s disease

AD is a chronic degenerative disease, characterized by extra-
cellular amyloid plaques resulting from the accumulation of
amyloid b proteins and intracellular neurofibrillary tangle

due to the aggregation of tau proteins [52]. Diagnosis of AD
is based on subjective neuropsychological tests supplemented
by late-stage biomarkers in CSF [53]. The early diagnosis
may be important before the irreversible brain damage or men-

tal decline has occurred. Therefore there is a serious need for a
convenient and accurate method for early diagnosis of AD.

Two studies reported the screening of urinary metabolic

biomarkers of AD using different animal models and technolo-
gies. Fukuhara et al. analyzed the urinary metabolome
of Tg2576 transgenic AD mice using NMR [54]. 3-

Hydroxykynurenine, homogentisate, and tyrosine were identi-
fied as effective biomarkers of AD prior to dementia onset,
whereas 1-methylnicotinamide, 2-oxoglutarate, citrate, urea,

dimethylamine, trigonelline, and trimethylamine were identi-
fied as effective biomarkers of late-stage AD. The elevated
levels of proteins associated with oxidative stress, including
3-hydroxykynurenine, homogentisate, and allantoin, in 4-

month-old AD mice indicated that oxidative stress occurs
before the appearance of obvious symptoms of AD. Later
on, another study performed the urinary metabolomic biomar-

ker screening using liquid chromatography–MS (LC–MS) with
isotope labeling in the TgCRND8 transgenic AD mice in
comparison to normal mice [55]. An obvious difference in

the urinary metabolite composition was observed between
TgCRND8 transgenic AD mice and normal mice at 15–17
weeks of age. Such change became even more apparent after
25 weeks and was associated with phenotypic changes in the

AD mice. As a result, methionine, 5-hydroxyindoleacetic acid,
desaminotyrosine, taurine, and N1-acetylspermidine were
identified as promising biomarkers. Taurine is the only bio-

marker molecule commonly identified in the two aforemen-
tioned studies, suggesting that different biomarkers could be
identified with varied methods even for the same disease.

Parkinson’s disease

PD is a debilitating neurological disorder of unknown origin

and is mainly characterized by movement difficulties [56].
The neuropathological hallmarks of PD include the notable
loss and denaturation of dopaminergic neurons in the substan-
tia nigra, as well as the appearance of Lewy bodies [56]. Cur-

rently, the pathological mechanisms of PD remain unknown
and there are no effective early biomarkers for PD diagnosis.

Urinary metabolites of 106 idiopathic PD patients were

compared with those of 104 normal control subjects using
the metabolomics method combined with high-performance
liquid chromatography (HPLC) and LC–MS [57]. The PD

patients exhibited distinct urinary metabolomic characteristics
significantly different from controls. There are significant dif-
ferences between PD patients and healthy controls in the levels

of several metabolites that are associated with fatty acid beta-
oxidation, phenylalanine metabolism, histidine metabolism,
steroidogenesis, tryptophan metabolism, nucleotide metabo-
lism, and tyrosine metabolism, such as hydroxylauroylcar-

nitine, phenylacetic acid, histidine, dihydrocortisol, and
acetylserotonin. In addition, abnormality in the kynurenine



Table 2 Summary of urinary biomarkers of neurodegenerative diseases

Disease Method Species No. of subjects No. of controls
Potential biomarkers

Ref.
Upregulated Downregulated

Stroke 2-DE-based proteomics Rat 8 stroke-prone

spontaneously-

hypertensive rats

5 Wistar-Kyoto rats

5 spontaneously

hypertensive rats

Transferrin, hemopexin, albumin,

transthyretin, a2-HS-glycoprotein, Gc-

globulin, a1-antitrypsin, kallikrein-
binding protein

[48]

CE-MS-based proteomics Human 101 48 Classifiers contains 14 biomarkers or 35 biomarkers [49]

NMR-based metabolomics Human 28 30 Citrate, dimethylamine, creatinine,

glycine, hippurate

[50]

AD NMR-based metabolomics Mouse 3–5 each for 4,

10, 15 months

3–5 3-Hydroxykynurenine, homogentisate,

allantoin

Dimethylamine, trimethylamine [54]

LC–MS-based metabolomics Mouse 12 12 Methionine, desaminotyrosine N1-acetylspermidine, 5-

hydroxyindoleacetic acid

[55]

PD LC–MS-based metabolomics Human 106 104 Cortisol,11-deoxycortisol, 21-

deoxycortisol, histidine, urocanic acid,

imidazoleacetic acid,

hydroxyphenylacetic acid

[57]

MScl LC–MS-based proteomics Human 31 8 Levels of 531 peptides from MScl patients and 36 peptides from controls were

altered in the third trimester compared to the postpartum period, 43 peptides are

associated with MScl

[60]

TSEs 2-DE-based proteomics Cattle 13 14 9 spots in 2-DE [62]

2-DE and LC–MS-based

proteomics

Mouse 4 scrapie mice 4 controls and 4 Alzheimer

mice at each time point

Classifier contains 20 spots [63]

Note: AD, Alzheimer’s disease; PD, Parkinson’s disease; MScl, multiple sclerosis; TSEs, transmissible spongiform encephalopathies.
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pathway in tyrosine metabolism has been detected in the
alpha-synuclein overexpressing fly model of PD, indicating
that the kynurenine pathway may be associated with the

pathological mechanism of PD.

Multiple sclerosis

MScl is an inflammatory demyelinating autoimmune diseases
characterized by paralysis as well as impairment of language,
motor, and visual ability [58]. Symptoms of MScl are often

relieved during the 3rd trimester of pregnancy and aggravated
during the first postpartum period [59]. Urinary proteins from
these two periods of pregnancy in MScl patients were analyzed

by using LC–MS [60]. Changes in concentrations of 531
peptides from MScl subjects and 36 peptides from normal
subjects were detected during the 3rd trimester relative to those
in the postpartum period. Among them, 43 peptides which

were altered in MScl patients in relative to controls, were
considered disease-related. The concentrations of several
immunomodulatory function proteins, such as placenta-

derived pregnancy-associated immunoregulatory proteins and
choriogonadotropin subunit beta variant 1 (CGB1), were sig-
nificantly elevated in the urine of patients during the 3rd trime-

ster of pregnancy comparing with the postpartum period and
the controls. Elevated levels of these pregnancy-related
proteins may reflect the decrease in severity of MScl during
the 3rd trimester of pregnancy, indicating that alterations in

urinary proteins in MScl patients may reflect changes in the
remote central nervous system (CNS) and even pathological
changes in the brain.
Transmissible spongiform encephalopathies

TSEs are a group of genetic, infectious, or sporadic degenera-

tive nervous system disorders associated with abnormal prions
that can be propagated in different species and the aggregation
of prion protein (PrPd) in the CNS is important for the

evaluation of TSEs [61]. However, the PrPd quantification is
difficult to apply because brain tissue is hard to obtain.

Urinary proteomics can aid in the diagnosis of TSEs as
shown in two studies. Promising biomarkers found in these

two studies are summarized in Table 2. In one of the studies,
urinary proteomes of bovine spongiform encephalopathy
(BSE)-infected cattle and healthy cattle were compared by

using 2-DE [62]. Although confounding factors, such as breed,
gender, and age, could influence the protein composition of
urine, disease-specific alterations in urinary proteins identified

by 2-DE can still be distinguished in clinical-stage infected
cattle from normal cattle with good accuracy. In the other
study, Lamoureux et al. further verified the usability of urine

to test for TSEs. They analyzed the urinary proteome of
scrapie-infected mice, in comparison with that of AD mice
and controls [63] and found differences in the concentrations
of some urinary proteins could be used for TSE tests and could

even distinguish TSEs from AD. These disease-specific
proteins were primarily related to the formation of desmo-
somes and neurodegenerative disease [64–66]. These studies

about neurodegenerative diseases have found some promising
biomarkers by using samples from patients or animal models
(Table 2).
Neuroendocrine neoplasm and traumatic brain injury

Neuroendocrine neoplasm (NEN) is a group of heterogeneous
tumors that originate from peptidergic neurons and neuroen-

docrine cells [67]. NEN can occur in many organs and tissues
in the body. The majority of NEN are formed in the small
bowel and pancreas. One study analyzed the urinary metabo-

lites of 28 NEN patients and 17 healthy controls by using
NMR analysis [68]. Alterations in urinary metabolomes could
be used to distinguish NEN patients from controls with good
accuracy and these differential metabolites performed better in

the monitoring of metastases of NEN compared with CgA
alone (AUC 0.86 vs. 0.80), which is a common marker used
to monitor the metastasis of tumors. In future studies, metabo-

lites related to the severity of NEN should be analyzed to find
representative metabolites of different disease stages. The fine
management of patients can then be conducted according to

the severity of patients.
Traumatic brain injury (TBI) is one of the common fatal

and disabling diseases in the clinical setting [69]. One study

analyzed the urinary signature of five TBI patients upon
admission to acute brain injury rehabilitation and five normal
control subjects [70]. As a result, 2476 discriminant variables
were reproducibly identified. Although the numbers of samples

involved in this study was too small to exclude variations
among individuals, this study indicates that detecting urinary
signatures may serve as an alternative approach in the diagno-

sis and monitoring of rehabilitative TBI.
These two studies preliminarily demonstrate the possibility

of searching biomarker of brain tumors and injury in urine.

These promising biomarkers are summarized in Table 3.

Concluding remarks and perspectives

Urine, as a promising source of disease biomarkers, was lar-
gely ignored in brain disease field compared with other body
fluids. Nonetheless, the limited studies on urinary-based bio-

marker of brain diseases provide evidence that urine may be
a good source for searching biomarkers of some brain diseases.
These studies show that the levels of some discriminating mole-

cules in the urine are different between brain disease groups
and control groups. They should be verified by subsequent
large-scale clinical samples before potential application to clin-
ical settings, since there are only a few validation studies with

large clinical samples at this moment.
There are some confounding factors in the aforementioned

studies, which would compromise the reliability of the results.

These include the medications, diet, and the lifestyle of
patients. As one of the factors that may influence urinary sig-
natures, medication should be taken into account [71]. Two

studies concerning MDD conducted by Xie’s group eliminated
the influence of medication by using samples from first-
episode, drug-naı̈ve MDD patients in the training set [25,26].

BMI, age, and gender were also strictly controlled between
the MDD group and the healthy control group in the training
set of these studies, which increased the reliability of the
results. In addition, components in human urine also can be

affected by other unrelated factors, such as diet and life style
[72,73]; these factors are difficult to balance due to the limited
sample size. Using large samples size or animal models might



Table 3 Summary of urinary biomarkers of human brain tumors and injury

Disease Method No. of patients No. of controls
Potential biomarkers

Ref.
Upregulated Downregulated

NEN NMR-based metabolomics 28 17 Citrate, hippurate [68]

TBI MS-based metabolomics 5 5 2476 discriminant variables [70]

Note: NEN, neuroendocrine neoplasms; TBI, traumatic brain injury.
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tackle this problem to some extent. Through the use of animal
models, changes influenced by single pathological factors can

be detected; such studies can provide more closely related
biomarkers associated with specific pathological changes of
disease. A small number of model animals can be analyzed effi-

ciently to provide preliminary potential biomarkers, which can
then be verified in clinical samples [3].

The same candidate biomarkers may be applied to closely

related diseases. For instance, increased levels of azelaic acid
and reduced levels of N-methylnicotinamide concentration
were detected in the urine of both MDD and BD patients com-
pared with controls [25,26,29,31,34]. Additionally, the concen-

tration of uric acid in urine increased in both MDD and
schizophrenia patients comparing to controls [26,43].
Decreased citrate levels in urine were found in NEN, stroke,

and schizophrenia patients compared with controls [43,50,68].
These common biomarkers may reflect shared pathological
processes in these diseases. Disease-specific biomarkers should

be distinguished from general biomarkers of neurological dis-
eases to provide convenient and efficient methods for diagnosis,
prognosis, and treatment of respective diseases. Most studies
that search for brain disease biomarkers in urine compared

patients with one particular disease to healthy controls, instead
of patients with similar diseases. The urinary signatures of
multiple similar diseases should be compared in a single

study to identify similar pathophysiologies and find specific
biomarkers.

The studies reviewed in this article provided some promis-

ing evidences, indicating that clinically applicable urine
biomarkers of brain diseases may largely exist and should be
useful in future diagnoses. Larger clinical studies also are

required to verify these clues. Urine biomarkers of brain dis-
eases would be used and more convenient for clinical applica-
tion if proved to be reliable. Inferred by these existing studies
mentioned above, searching brain disease biomarkers in urine

would open new way to find more brain disease biomarkers.
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