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Abstract: 

 

Introduction: Inflammation is integral in the neuropathology of both chronic and acute 

neurological disorders. Knowing the inflammatory profile is important for clarification of disease 

mechanisms, diagnostic purposes, and ultimately treatment options. 

Areas covered: A systematic review was performed on literature from PubMed using the search 

terms “Alzheimer’s disease” (AD) or ”multiple sclerosis” (MS) or ”ischemic stroke” and 

“proteomics”. Inflammatory proteins were assessed in blood, cerebrospinal fluid (CSF), and post-

mortem brain tissue. Regulated inflammatory proteins across compartments and disorders mainly 

consisted of innate immune proteins, acute phase proteins and oxidative stress response proteins. 

In addition, immunoglobulin chains were signature proteins of MS, reflecting additional involvement 

of adaptive immunity. The Chitinase 3-like protein 1 was increased in ten original articles on MS 

and in three on AD supporting its implication in these diseases. Furthermore, CNS/CSF AD 

inflammatory proteins were matched to a CNS myeloid cell proteome implicating Alpha-2-

Macroglobulin and Annexin A1 in AD pathogenesis. 

Expert opinion: Proteomics is an excellent technique for profiling inflammatory proteins in tissues 

and cells, but still targeted approaches are required for profiling of very low abundance proteins 

and peptides. Knowing the inflammatory signature of brain tissue, CSF, blood, and CNS myeloid 

cells holds the potential to point to novel mechanistic aspects of neurological diseases. 

 

Keywords: Alzheimer’s disease, CNS myeloid cells, Complement system, Immunoglobulin, Innate 

immunity, Ischemic stroke, Mass spectrometry-based proteomics, Microglia, Multiple sclerosis, 

Neuroinflammation 
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Article highlights 

• Neuroinflammation is an integral part of the pathology of Alzheimer’s disease (AD), multiple 

sclerosis (MS), and ischemic stroke. 

• A unique presence of immunoglobulin chains in CSF in MS reflects the involvement of 

adaptive immunity. 

• Increased levels of CHI3L1 in CSF of MS and AD likely reflect astrocyte involvement. 

• The risk genes A2M, CHGA, CLU, and SIRT2 was increased in AD CSF 

• A2M was increased across compartments in AD and in disease-associated CNS myeloid 

cells from APPswe/PS1�E9 mice. 

• Cytokines and chemokines are underrepresented in mass spectrometry-based original 

articles due to their small size and low abundance. 

• Proteomics studies of blood and CSF is complicated by a large dynamic concentration 

range of proteins in these compartments. 

• The post-mortem interval influences the proteomics outcome when analyzing brains from 

deceased human subjects. 

• A high biological variability when working with human samples emphasizes the need for 

larger cohorts and standardized reference proteomes. 

• Merging information about signature proteins of CNS tissues and cells holds great potential 

in identifying novel mechanistic aspects of AD, MS, and ischemic stroke. 
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1. Introduction 

The immune system is essential for survival during infection or injury as well as for the 

maintenance of tissue homeostasis under harmful conditions [1]. Despite the beneficial effects of 

an immune - or inflammatory – response it comes at the cost of a decline in tissue function, which 

is most often transient but can become chronic and contribute to disease progression. 

Inflammation is an integral part of the neuropathology of chronic and acute central nervous system 

(CNS) disorders, such as Alzheimer’s disease (AD) and ischemic stroke, and is in the case of 

multiple sclerosis (MS) the cause of disease. Although inherently different, the inflammatory 

responses in AD and IS are mainly those of the innate immune system. In AD, the specialized 

CNS tissue macrophages, the microglia, are the main drivers of the inflammatory response [2], 

while in ischemic stroke it is characterized by activated microglia as well as infiltrating, blood-

derived macrophages and polymorphonuclear leukocytes [3]. In comparison, the inflammatory 

response in MS is orchestrated by infiltrating autoreactive lymphocytes, which in combination with 

co-migrating, blood-derived macrophages and activated microglia form inflammatory foci, 

especially in the white matter tracts of the CNS [4]. While microglia were traditionally thought to 

aggravate neuropathology, there is increasing evidence that these cells are homeostatic cells that 

also have protective functions in the diseased CNS. Such functions involve controlling cell and 

tissue damage through phagocytosis, complement and cytokine/chemokine pathways to maintain 

or bring back the CNS to its homeostatic state [5]. However, while this may be so in acute 

disorders, such as ischemic stroke [2], this may be different in AD and MS, where the microglia 

become chronically activated [2]. Interestingly, in mouse models of AD and MS, microglia have 

been shown to segregate into specific disease-associated phenotypes characterized by the 

expression of specific genes [6,7], equipping subsets of microglia to serve different functions, for 

instance in terms of cytokine production and phagocytosis [8–11]. Importantly, it appears that 

microglia also segregates into specific disease-associated phenotypes in the diseased human 

CNS [6,12]. This makes it highly relevant to know the inflammatory protein profile of AD, MS and 

ischemic stroke, both at a cellular and tissue level, to understand disease mechanisms and 

thereby also for the development of new treatment options. Additionally, knowing whether and how 

the inflammatory CNS tissue and cell protein signature is mirrored in the cerebrospinal fluid (CSF) 

and blood, which are more easily accessible compared to CNS tissue, can be important for early 

diagnosis, and monitoring of treatment efficacy. 

 

1.1 Alzheimer’s disease, multiple sclerosis, and ischemic stroke 

AD is the main cause of dementia in the elderly [13]. The neuropathological hallmarks of AD 

include the deposition of misfolded amyloid beta (Aβ) in plaques and hyperphosphorylated tau in 
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neurofibrillary tangles, neuroinflammation, and synaptic and neuronal degeneration, leading to 

brain atrophy [14]. Neuroinflammation visualized by the PET-ligand PK11195 is observed not only 

in AD cases but also in people with mild cognitive impairment (MCI) [15], suggesting that 

neuroinflammation is involved in disease progression [2]. The majority of AD cases (95%) are 

sporadic or late-onset AD (LOAD), which is considered to be due to reduced clearance of Aβ from 

the neural tissue into the CSF [16]. In comparison, the rare cases of familial or early-onset AD 

which are caused by mutations in the amyloid precursor protein (APP) or the presenilin (PS1) 

genes, leading to an overproduction of Aβ [17]. Next to age, the major risk factor of LOAD is to be 

a carrier of the isoform 4 of apolipoprotein E gene (ApoE), which functions in cholesterol transport, 

followed by single nucleotide polymorphisms (SNPs) in the microglial-expressed triggering 

receptor myeloid 2 (TREM2) [18] and Siglec-3/CD33 [19], and SNPs in the complement receptor 

type 1 (CR1) gene, and genes involved in endocytosis [20]. 

MS typically has its onset in young adulthood and is the leading cause of neurological disease in 

young people. The disease course can be relapsing-remitting or progressive [21]. MS symptoms 

are heterogeneous correlating with the spatiotemporal dissemination of the MS lesions in the CNS 

[4]. Patients with progressive MS may also experience cognitive deficits due to the disease 

spreading to the cerebral cortex. MS lesions can be classified according to the presence/absence 

and distribution of macrophages and activated microglia (inflammatory activity) and ongoing 

demyelination (demyelinating activity) [24, 25]. MS lesions also contain immunoglobulins, which 

may either be attributed to intrathecal production or breakdown of the blood-brain brain (BBB). The 

major histocompatibility complex confers the individual major risk for developing MS [23]. As 

observed in AD, SNPs increasing the risk of developing MS have been identified in a wide range of 

immune genes, including chemokine and cytokine receptors [23]. 

Ischemic stroke is a leading cause of death and permanent disability among the elderly [24]. The 

majority of ischemic stroke incidents are caused by thromboembolic occlusion of a major cerebral 

artery, leading to ischemic infarction within minutes unless reperfusion is re-established [24]. 

Outside the infarct core, where the brain tissue remains perfused by collaterals, the survival of the 

neurons is threatened due to uncontrollable release of excitatory neurotransmitters from dying 

neurons and of free radicals and inflammatory molecules. The first immune cells to sense an 

ischemic stroke are the microglia, which increase their expression of cytokines such as interleukin-

1β (IL-1β), thereby exacerbating the ischemic damage, but also of the neuro-protective IL-1 

receptor antagonist (IL1RN) [9,25]. Along with infiltrating macrophages, which remain in the 

infarcted tissue for weeks to months after a stroke, the microglia perform phagocytic functions and 

thereby contribute to the resolution of the infarct [26]. Polymorphonuclear leukocytes infiltrate 

acutely and are only transiently present after an ischemic stroke [3], whereas lymphocytes can be 
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observed days and weeks after an ischemic stroke [25]. Although, the inflammatory response 

contributes to restore tissue homeostasis, which is beneficial, it clearly also has the potential to 

increase the ischemic damage [27]. 

The extent by which disease processes in the CNS tissue is mirrored in the blood and CSF is 

largely determined by the barrier systems of the CNS including the BBB, the blood-CSF barrier 

and the CNS-CSF barrier (Fig. 1). The BBB restricts the exchange of molecules between blood 

and CNS in both directions whereas the blood-CSF barrier mainly restricts transport of molecules 

from the blood into the CSF. In contrast, the CNS-CSF border that lines the inside of the ventricles 

consists of ependymal cells not connected by tight junctions [28,29], thereby allowing a small 

amount of interstitial fluid to be continuously drained into the CSF (Fig. 1). The physical properties 

of these barriers explain why CSF more accurately mirrors changes in the CNS milieu than blood 

[30] and likely contributes to the relatively low reproducibility of blood biomarkers in neurological 

diseases. 

 

1.2. Considerations about sample composition and methodology 

A major challenge in studying the CNS proteome in AD, MS, and ischemic stroke lies in the limited 

access to high-quality post-mortem CNS tissue. Tissue quality is affected by post-mortem interval, 

tissue storage, pH [31], and unwanted post-translational modifications (PTMs) caused by reactive 

oxygen/nitrogen species or activation of kinases and phosphatases impacting protein quality [32]. 

Since post-mortem brain tissue provides a reflection of the end-stage of the disease, additional 

critical factors are, in the case of AD and MS, the disease stage at the time of death, while the 

acuteness of ischemic stroke makes the time from stroke onset to tissue sampling critical. 

Obviously, the choice of brain region relative to the site of pathology is critical for all three 

disorders. 

A challenge of studying plasma is the complex protein profile consisting of what can be considered 

pure plasma proteins that are secreted from the liver or intestines in high concentrations, 

immunoglobulins, and proteins leaked from other tissues [33], in the present context including 

proteins leaked from the diseased and healthy CNS. Under normal circumstances, the plasma 

proteome has a large dynamic range with the albumin concentration being up to 10-12-fold higher 

than the rarest proteins, including proteins secreted or leaked from the CNS [33]. Due to 

proteomics workflows that combine antibody-depletion steps of both high and medium abundant 

proteins as well as extensive sample fractionation steps, it is now possible to identify thousands of 

proteins in plasma, but the reproducibility still presents technical difficulties [34,35]. 

Although CSF has insignificant amounts of plasma proteins compared to blood, the albumin 

concentration is still nine-fold higher than the lowest abundant protein [36]. Furthermore, CSF is 
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cleared of metabolites up to four times daily [37], so changes occurring sporadically or episodically 

may not impact the CSF protein profile [38]. Several CSF proteomes have been published, where 

most have used antibody-depletion of high abundant proteins (albumin and immunoglobulin), two-

dimensional gel separation, and then mass spectrometry resulting in the identification of hundreds 

of proteins [36]. More recently, gel-free methods employing LC-MS/MS strategies have 

substantially increased the number of identified proteins to above 3000 in pools of CSF from 

healthy subjects [39,40]. 

 

Here, we performed a systematic literature review of the proteome in blood, CSF, and CNS tissue 

from AD, MS, and ischemic stroke patients that were obtained by use of proteomics methods. The 

reason for selecting these disorders was to better understand the underlying disease mechanisms, 

by extracting the key inflammatory proteins that are consistently increased or decreased within and 

between these diseases. The reason for focusing on proteomics methods was that they might 

highlight a different set of inflammatory proteins than identified when using the targeted, antibody-

based approaches, which, amongst others, are used for detection of cytokines and chemokines. 

Original articles that met the inclusion criteria were used to extract protein data, and proteins that 

could be designated ‘regulated’ and ‘inflammatory proteins’ were selected, thereby defining the 

inflammatory proteome signature across AD, MS and ischemic stroke. 

 

Text box 1. Proteome and inflammation definition 

The proteome refers to the total protein complement resulting from a genome at a given 

time [41]. In contrast to the genome, the proteome is dynamic, and the protein expression 

varies between different cell and tissue types as well as being affected by external factors 

including environment, disease status, diet, and drugs [42]. Further enhancing the 

complexity, and making the proteome highly dynamic, is the occurrence of posttranslational 

modifications (PTMs), such as glycosylations and phosphorylations, that provides an extra 

layer of protein regulation [43]. Due to its dynamic nature, the protein profile/proteome of a 

biological compartment may be used for disease diagnostics. 

Inflammation is a cellular response to a harmful stimulus and involves immune cells and 

inflammatory mediators. Here we refer to inflammation as a process initiated by a trigger 

(not necessarily known), which induces cells to produce inflammatory proteins eliciting a 

response in protein production from the surrounding cells. Thus inflammatory proteins both 

include the “classic” inflammatory mediators such as cytokines and chemokines, 

immunoglobulins, and acute phase proteins and proteins changing in response to these. 
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2. Methods 

A systematic literature review was performed following the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) guidelines [44]. Our inclusion criteria were 

English peer-reviewed original articles that used proteomics methodologies to quantitatively study 

protein levels in blood, CSF, or brain tissue from AD, MS, and ischemic stroke patients relative to 

healthy subjects. The inclusion criterion of a healthy control group was used to obtain a better 

reflection of disease-associated changes in the proteome. Proteomics methods include 

quantitative mass spectrometry techniques (label-free or applying isobaric labels), targeted mass 

spectrometry and gel-based methods. 

A PubMed (https://www.ncbi.nlm.nih.gov/pubmed?otool=idksdulib) MeSH (Medical Subject 

Headings) database search was performed using the MeSH search terms “Alzheimer’s disease” or 

“multiple sclerosis” or “stroke” and “proteomics” to find original articles on proteomics experiments 

performed on blood, CSF, or brain tissue samples from AD, MS, and ischemic stroke patients 

compared to healthy subjects. General inclusion criteria were that original articles on CSF, blood, 

or brain tissue, should contain quantitative protein data collected by the use of proteomics 

methods, should compare diseased versus healthy human samples, and should be original 

articles. Disease-specific inclusion criteria were that AD should be LOAD or MCI; MS should be 

relapsing/remitting MS or progressive MS; and stroke should be ischemic stroke. The PubMed 

search resulted in a list of original articles published between 2004 and 2018, with the last search 

being performed in December 2018 (Fig. 2). 

All original articles were screened, and proteins that were identified as regulated in diseased 

versus healthy human samples (using the authors’ chosen statistical tests in the individual papers) 

were extracted, and the protein names were converted to UniProt accession numbers for 

comparison. Proteins were only designated ‘regulated’ if they were either found up- or down-

regulated in the published proteins profiles in two or more original articles. Using the Venny v.2.1 

software (http://bioinfogp.cnb.csic.es/tools/venny/), the regulated proteins were thereafter matched 

between diseases and biological compartments to find similarities and dissimilarities in protein 

profiles. The DAVID v.6.8 (https://david.ncifcrf.gov) database was used to analyze regulated 

proteins based on Gene Ontology (GO) terms and enrichment of Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathways for their involvement in innate and adaptive immunity. 
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3. Results 

A total of 459 AD articles, 173 MS articles, and 139 ischemic stroke articles were collected during 

the initial search. Excluding reviews, articles using animal models, and articles not using 

proteomics methods, we screened 80 AD, 51 MS, and 35 ischemic stroke original articles against 

the inclusion criteria where after additional 47 AD, 21 MS, and 21 ischemic stroke articles were 

excluded. Most of the excluded articles either had no quantitative protein data or no healthy control 

group. We thereby included 33 AD, 30 MS, and 14 ischemic stroke original articles for data 

extraction (Fig. 2). As the earliest published article meeting the inclusion criteria was published in 

2004, this review considers original articles published over a 14-year period from 2004 to 

December 2018. This review only reports on the proteins that were designated ‘regulated’ and 

‘inflammatory proteins’, and listed in Table 1. All other regulated proteins are listed in Suppl. Table 

1. 

 

3.1 The inflammatory blood protein profile in AD, MS, and ischemic stroke 

Using our search criteria, we were able to extract blood proteome data from ten original articles on 

AD patients, ten original articles on MS patients and ten original articles on ischemic stroke 

patients (Suppl. Table 2, 3, 4). We extracted proteins that were related to inflammatory reactions, 

response to reactive oxygen species (ROS) and innate/adaptive immune-regulating pathways, 

referred to as inflammatory proteins. Within these original articles, four inflammatory proteins were 

regulated in AD compared to healthy subjects in two or more original articles (Table 1, Suppl. 

Table 1). Alpha-2-macroglobulin (A2M), immunoglobulin heavy constant mu (IGM) and gelsolin 

(GSN) were increased and complement factor B (CFB) was decreased in AD. In the case of MS, 

no inflammatory proteins were regulated in two or more original articles (Table 1, Suppl. Table 1). 

Increased inflammatory proteins in ischemic stroke included the C-reactive protein (CRP), 

complement factor H (CFH), the astrocytic protein S-100Beta (S100B) and serum amyloid A-1 

protein (SAA1) as well as the blood proteins coagulation factor IX (F9), fibrinogen alpha chain 

(FGA) and beta chain (FGB), alpha-1-antichymotrypsin (SERPINA3) and heparin cofactor 2 

(SERPIND1) (Table 1). In addition, the cytokine interleukin-6 (IL6) was increased in ischemic 

stroke across several original articles. (For full list of regulated proteins, see Table 1 and Suppl. 

Table 1). Inflammatory proteins found decreased included complement 4B (C4B), hemopexin 

(HPX), lactotransferrin (LTF) and E-selectin (SELE). Matching regulated blood proteins between 

diseases, no inflammatory proteins were shared between AD and ischemic stroke. 
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3.2 The inflammatory CSF protein profile in AD, MS, and ischemic stroke 

Using our search criteria, we were able to extract CSF data from 11 original articles on AD 

patients, 17 original articles on MS patients, and one original article on ischemic stroke patients 

(Suppl. Table 2, 3, 4). From these original articles, we identified 12 inflammatory proteins that 

were regulated in CSF samples from AD cases compared to cognitively healthy controls. From 

these only kininogen-1 (KNG) was decreased whereas 11 inflammatory proteins were increased 

including A2M, CD44 antigen (CD44), C4B, chitinase-3-like protein (CHI3L1), haptoglobin (HP), 

histidine-rich glycoprotein (HRG), osteopontin (SPP1) and integral membrane protein 2 (ITM2B) 

(Table 1). The articles on MS identified 29 regulated inflammatory proteins compared to control 

cases (Table 1). From these mainly immunoglobulin chains were found increased in MS (IGHG1, 

IGHV3-13, IGHM, IGKC, IGKV1-5, IGKV3-11, IGKV3-20, IGKV4-1, IGLC1, IGLC2, IGLL5) but also 

beta-2 microglobulin (B2M), complement 1Q (C1Q), complement 1R (C1R), and CHI3L1 were 

increased in MS. Inflammatory proteins found decreased in MS included amyloid precursor protein 

(APP), neurosecretory protein VGF (VGF), GSN and alpha-1 acid glycoprotein 1 (ORM1) (Table 

1). Analyzing original articles on CSF samples from ischemic stroke patients showed that no 

inflammatory proteins were regulated consistently in two or more articles, reflecting the low number 

of original articles performed on CSF from this patient group. After matching the regulated proteins 

in CSF samples from patients with AD and MS, only the CHI3L1 protein was shared and found in 

increased levels in one-third and one-tenth of articles on MS and AD, respectively. 

 

3.3 The inflammatory protein profile of brain tissue in AD, MS, and ischemic stroke 

Post-mortem brain tissue enables detection of end-stage protein changes caused by disease. We 

were able to include 14 original articles using proteomics to study tissue samples from AD patients 

and cognitively healthy controls, three original articles on MS patients, and three original articles on 

ischemic stroke (Suppl. Table 2, 3, 4). Combining the datasets from these articles resulted in 49 

inflammatory proteins in AD compared to cognitively healthy controls (Table 1). Enriched GO-

terms of these inflammatory proteins included, besides the previously mentioned categories in 

Table 1, an enrichment of bacterial invasion response proteins, antigen processing/presentation 

and phagocytosis proteins. Inflammatory proteins found increased in AD included the innate 

immune response proteins annexin a1 (ANXA1), APP, chromogranin-A (CHGA), clusterin (CLU), 

NAD-dependent protein deacetylase sirtuin-2 (SIRT2) and GSN. Increased inflammatory proteins 

involved in ROS response included catalase (CAT), glutathione s-transferase P (GSTP1) and 

peroxiredoxin 2 and 6 (PRDX2, PRDX6). Inflammatory proteins found decreased in AD included 

the phagocytosis proteins actin-related protein 2/3 complex subunit 1a (ARPC1A), cell division 

control protein 42 homolog (CDC42), serine/threonine-protein kinase PAK 1 (PAK1), 
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phosphatidylinositol 4-phosphate 5-kinase type-1 gamma (PIP5K1C) and protein kinase C gamma 

type (PRKCG). In addition, proteins related to antigen presentation were decreased in AD 

including AP-2 complex subunit alpha-1 (AP2A1), AP-3 complex subunit delta-1 (AP3D1) and AP-

2 complex subunit mu (AP2M1). 

Analyzing the datasets on MS and ischemic stroke resulted in 0 regulated inflammatory proteins, 

reflecting that only a few original articles have been published comparing healthy to diseased brain 

tissue in MS and ischemic stroke (Table 1, Suppl. Table 1). 

 

3.4 Overlap of protein profiles between blood, CSF, and brain tissue and between diseases 

Regulated inflammatory proteins from brain, blood, and CSF from AD patients were matched to 

identify proteins regulated in all three compartments. This showed that A2M was increased in all 

biological compartments. Additionally, GSN was increased in blood and brain samples from AD 

patients. No inflammatory proteins were found shared between compartments when analyzing MS 

and ischemic stroke datasets. Analyzing inflammatory proteins across the three diseases we found 

that CHI3L1 was increased in some AD and one-third of MS CSF samples. 

 

3.5 The AD CNS and CSF proteome matched to a CNS myeloid cell proteome 

The consistently regulated CNS and CSF proteomes from AD patients were matched to a CNS 

myeloid cell proteome recently published by our group [45]. Here we found that the CNS/CSF 

proteins A2M, APP, CLU, SERPINC1, ANXA1, GSN, GSTP1, PKM, PRDX2, PRDX6, reticulon-3 

(RTN3) and CAT were also identified in murine CNS myeloid cells and that APP, CLU, SERPINC1, 

A2M and ANXA1 were also regulated in the CNS myeloid cells isolated from the APPswe/PS1�E9 

transgenic mouse model of AD [45]. 

 

4. Discussion 

With the aim to define the inflammatory protein profile of AD, MS, and ischemic stroke, we have 

systematically reviewed the proteomics literature on blood, CSF, and brain tissue for these three 

diseases. From the proteins that could be designated regulated proteins we extracted the 

inflammatory proteins based on their GO-terms. The inflammatory proteins in AD consisted, 

amongst others of the acute phase proteins A2M, proteins involved in innate immune responses 

including ANXA1 and 5, C4B as well as the oxidative stress proteins PRDX2 and PRDX6, 

emphasizing the involvement of innate immunity in the CNS, but also systemically, as well as 

increased oxidative stress in AD. In comparison, the predominant group of inflammatory proteins in 

the CSF of MS cases comprised mainly immunoglobulin chains reflecting the additional 

involvement of adaptive immunity in MS. Finally, a comparison of the brain tissue and CSF 
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proteome with the CNS myeloid cell proteome in the APPswe/PS1�E9 mouse model of AD 

suggested that microglia could be an important contributor to the increased protein levels of CLU, 

A2M and ANXA1 in AD. 

 

4.1. Considerations regarding proteomics profiling in neurological diseases 

We found that the majority of the proteomics original articles were performed in blood, CSF, or 

brain tissue collected from patients with AD (n=8/11/14, respectively) or MS (n=10/17/3, 

respectively). The fewest proteomics original articles were performed on ischemic stroke samples 

(n=10/1/3, respectively). The inflammatory protein profiles in CSF and brain was therefore mainly 

described for AD and MS, where CSF analysis is part of the routine diagnostic procedure, in 

contrast to the diagnosis of ischemic stroke. In addition, the proteomic methods used in the most 

recent articles have the highest sensitivity, partly due to advancements in instrument sensitivity 

and scan speed as well as improvements in methods which includes moving from gel-based to 

liquid chromatography peptide separation approaches, thereby resulting in more protein 

identifications [46]. To increase the strength of our analysis, only proteins increased or decreased 

in two or more original articles were designated ‘regulated’ and included. This resulted in almost no 

overlap in regulated inflammatory proteins between diseases and across biological compartments. 

For both AD and MS, a number of proteins regulated in CSF could be described as blood-specific 

proteins (such as coagulation factors, HP, HPX, KNG1, ORM1), indicating that blood 

contamination during CSF collection could be an issue although the method sections of the original 

articles contained information about cell numbers, protein content, color, and turbidity. Sample 

collection should thus be performed with care, and the blood proteins regulated in CSF should be 

further validated. 

Other factors complicating the study of protein profiles in AD, MS, and ischemic stroke, are the 

heterogeneity of each of these diseases (e.g. MCI or LOAD, relapsing/remitting or progressive MS, 

and embolic or thrombotic ischemic stroke) and the influence of the sampling approach (outlined in 

3.2), which also applies to the different cohorts of non-diseased controls [47,48]. 

In this review, we included all original articles meeting the inclusion criteria, and we did not stratify 

for e.g. age, sex, brain region, type or stage of disease, or comorbidities (e.g. cardiovascular 

disease in ischemic stroke). Together with the fact that proteomics data have high dimensionality, 

meaning that the number of features measured per subject vastly exceeds the number of subjects 

studied, which increases the biological variation and the likelihood of outliers. The way to increase 

reproducibility, and thereby strengthen human proteomics original articles, is to increase the 

number of subjects studied [49]. 
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4.2 Inflammatory proteins of AD, MS, and IS 

4.2.1 Alzheimer’s disease 

Inflammatory proteins found regulated in brain tissue and in CSF samples from AD patients 

included the A2M protein, which is an acute phase plasma protein that functions as a pan-protease 

with chaperone activities [50]. Based on RNA sequencing data (http://www.brainrnaseq.org) A2M 

is mainly produced by microglia/macrophages and endothelial cells and is known to be able to bind 

Aβ and accumulate in Aβ plaques [51]. Variations in the A2M gene have in several original articles 

been associated with an increased risk of developing AD, although consensus has not yet been 

reached [52]. Recently, an association between serum concentration of A2M and CSF markers of 

neuronal injury was reported in preclinical AD, thereby suggesting serum A2M as a predictor of the 

development of AD [50]. If confirmed through larger studies, this might allow for A2M to be used as 

a biomarker in AD prevention. 

Proteins involved in the innate immune system response, found uniquely regulated in the AD brain, 

included among other ANXA1 and ANXA5. Annexins are a family of calcium dependent 

phospholipid-binding proteins that have anti-inflammatory properties. Under normal conditions, 

macrophages, including microglia, constitutively express ANXA1 and upon cell “activation” ANXA1 

is mobilized to the cell membrane and secreted [53] thereby promoting microglial functions such as 

migration and phagocytosis of apoptotic neurons and Aβ [54,55]. In the human brain, ANXA1 has 

been localized to microglia clustering at Aβ sites [56] supporting its function in promoting microglial 

phagocytosis. In addition, ANXA1 has been suggested to play a role in the maintenance of the 

BBB integrity by co-localizing to actin-filaments present at tight junctions [54,57]. Thus the 

increased expression of ANXA1 could be a response to the chronic inflammation present in AD 

and possibly to a compromised BBB integrity in AD. The function of ANXA5 is less well studied but 

has been investigated for its biomarker ability in discriminating between AD and dementia with 

Lewy bodies (DLB) as well as cognitively healthy controls [58]. ANXA5 was increased in sera from 

AD and DLB compared to controls, but could not distinguish AD and DLB. In addition, ANXA5 is 

used as a marker of cellular apoptosis using flow cytometry. Here ANXA5 binds to 

phosphatidylserine which is aberrantly exposed on the outer surface of plasma membrane of 

apoptotic cells [59]. 

Additional proteins found regulated in AD included complement protein C4B, CFB and an activator 

of the complement system, SERPINA1. Evidence for the involvement of the complement system in 

AD consists of the accumulation of complement proteins in Aβ plaques [60] as well as C1q loading 

of neurofibrillary tangles [61]. Complement proteins can be produced locally in the brain by glial 

cells and neurons, or enter the neural tissue across a leaky BBB [62]. SERPINA1 is a serine 

protease inhibitor that mainly inhibits the chymotrypsin family. It is considered an acute phase 
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protein involved in immunity and inflammation [63] and has been found in plaques and fibrillary 

tangles in AD cases [64]. Despite its functions as an acute phase protein, SERPINA1 has been 

investigated with regard to its anti-inflammatory effect on primary microglia [65]. SERINA1 

treatment reduced the inflammatory profile of LPS treated primary microglia and reduced the Aβ42 

uptake by the microglia [65]. 

The ITM2B protein (also known as BRI2) was increased in CSF from AD patients and mutations in 

this gene is known to cause familial forms of dementia including British and Danish dementia [66]. 

The ITM2B protein is suggested to regulate the processing of APP by binding and thereby blocking 

cleavage sites of the secretases involved in generating Aβ42 peptides, thereby protecting APP from 

amyloidogenic processing [67]. Its increased expression in AD could be a damage response or an 

attempt to hinder further APP processing. 

 

4.2.2 Multiple sclerosis 

Most original articles on MS are performed on CSF samples, where especially immunoglobulin 

chains were found in increased levels in MS patients (IGHG1, IGHV3-13, IHGM, IGKC, IGKV3-11, 

IGKV4-1, IGKV1-5, IGKV3-20, IGLC1, IGLC2, IGLL5) emphasizing MS as an immune-mediated 

disease involving adaptive immunity, with immunoglobulin chains and immunoglobulin receptors 

present in CSF. 

Inflammatory molecules found increased in MS CSF included ANG, B2M, CHI3L1, C1Q and C1R. 

The B2M protein is a component of the class I major histocompatibility complex (MHC) and is 

thereby involved in the presentation of peptide antigens to the immune system. It is primarily 

expressed on lymphocytes and macrophages and used as a marker of an activation of the cellular 

immune system [68]. Interestingly, also the C1Q and the C1R proteins, the first step of classical 

complement system activation, were consistently increased in CSF reflecting the involvement of 

the complement system in MS pathology. The complement system is known to be involved in MS 

as visualized by deposition of complement proteins in white and grey matter lesions [69,70], where 

it is considered to contribute to the damage of oligodendrocytes and myelin [71]. 

CHI3L1, also known as YKL40, is produced by microglia, macrophages, neutrophils and astrocytes 

in the inflamed CNS [72], and its expression is regulated by various cytokines and hormones 

including IL6, IL13, IFN-γ, vasopressin and parathyroid hormone-related protein [73]. CHI3L1 has 

been shown to predict development of cognitive and physical disability in MS [74]. CHI3L1 was in 

our review found increased in ten original articles on CSF samples all from RRMS patients or 

patients with clinically isolated syndrome shown to convert into RRMS, strengthening the 

implication of CHI3L1 in disease mechanisms of RRMS as well as its possible use as a 

diagnostic/prognostic marker. 
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4.2.3 Ischemic stroke 

Most original articles in ischemic stroke are performed on blood samples, and many of the uniquely 

regulated proteins were involved in blood coagulation processes (Table 1), reflecting the disease 

mechanism of ischemic stroke. As serine proteases are important in the coagulation process, the 

identification of regulated serpins (serine protease inhibitors) is interesting, both from diagnostic 

and therapeutic points of view [75]. 

In addition, two acute phase proteins CRP and SAA1 were increased across original articles. Both 

CRP and SAA1 expression is increased dramatically during inflammation and are used as 

measures of a multitude of inflammatory conditions. Both proteins seem to partially depend on the 

IL6 secretion by macrophages and T-cells [76]. Here, as one of the only cytokines observed with 

mass spectrometry techniques in this review, IL6 was found increased across studies. IL6 has 

earlier been suggested to correlate with the severity and clinical outcome of ischemic stroke, 

additionally serving as a potential therapeutic target [77,78]. 

 

4.3 Cytokines and chemokines 

Cytokines function as signaling molecules which via auto- and paracrine mechanisms activates 

pro- and anti-inflammatory pathways under both homeostatic and disease conditions [79]. Over 

300 bona fide cytokines are known with complex signaling networks, and several excellent reviews 

on the involvement of specific cytokines and cytokine networks already exist [2,3,79,80]. In 

neurodegenerative diseases, such as AD, cytokines are in particular produced by CNS-resident 

cells such as microglia, whereas the cytokines in MS are mainly produced by infiltrating immune 

cells [79]. Chemokines, another group of secreted signaling molecules with both pro- and anti-

inflammatory pathways, are constitutively expressed in the CNS by glial cells and neurons [81]. 

Their expression can be increased under inflammatory conditions, where they can induce 

infiltration of peripheral immune cells such as macrophages and T-lymphocytes as seen in MS 

[81–83]. In general, mass spectrometry-based proteomics has difficulties in identifying most 

cytokines and chemokines due to their small size [84] and low abundance, and these are therefore 

underrepresented in proteomics datasets unless specific targeted methods are used. As predicted, 

this limitation also became clear during our review process, where only a small number of 

cytokines were identified in the proteomics literature reviewed. 
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5. Conclusion 

In this review, we show that most proteomics original articles have been performed on samples 

from AD and MS patients, with the exception of the use of blood samples. By extracting protein 

data from all included original articles, we identified very small overlap in protein profiles, 

consistent with the different pathophysiology of AD, MS and ischemic stroke. This indicates the 

need for larger research cohorts to cope with the heterogeneity of the diseases as well as the high 

biological variation in humans. Still, the review points to groups of signature proteins in AD, MS 

and ischemic stroke, likely involved in the pathophysiology of each of the diseases and with 

potential use in diagnostics or as therapeutic targets.  

 

6. Expert opinion 

A natural limitation of neuroproteomics articles is the limited availability of human brain tissue, 

except in the case of LOAD, in which patients die at an older age and post-mortem tissue likely 

reflects end-stage disease. To try to overcome this issue, we reviewed the literature on 

inflammatory proteins/pathways affected across diseases and CNS compartments, including 

blood, CSF, and brain tissue. 

The review of the neuroproteomics articles on AD demonstrates the strength of having access to 

larger numbers of samples from all three compartments. This would allow prediction of 

proteins/pathways involved in the pathophysiology of AD that can be validated through studies of 

brain tissue samples and supported by functional studies (see below). This type of information is 

important to propel studies aiming to understand the mechanism of disease progression, just as it 

raises the possibility to use specific proteins/pathways in CSF as biomarkers for disease stage and 

for monitoring treatment effects. 

During the review process it became clear that reproducing findings of regulated proteins between 

original articles was an issue, probably reflecting technical differences as well as biological 

variation in disease and control cohorts. Technical optimization (including sample preparation 

techniques and instrumental sensitivity) [85], targeted proteomics assays (parallel reaction 

monitoring) for cytokines and chemokines and studies based on larger cohorts are therefore 

needed. To further increase method sensitivity, combining antibodies and mass spectrometry by 

the “Stable Isotope Standards with Capture by Anti-peptide Antibodies” (SISCAPA) method is 

advantageous for the analysis of small and low abundance proteins such as cytokines [90]. In 

addition, a reference proteome, based on healthy, non-diseased samples of different biological 

compartments/fluids, and how this change with age would be highly valuable for studies on 

disease mechanisms and for diagnostics. Global collaborative projects like the Human Proteome 

Project (HPP) organized by the Human Proteome Organization (HUPO) and initiatives for open 
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access to proteomics raw data through public databases like the PRIDE archive [87] are taking us 

in the right direction. 

In recent years, attention has been given to single-cell transcriptomics to identify specific disease-

associated phenotypes of microglia in AD, MS, and ischemic stroke. However, obtaining the 

proteome information from individual cells has proven to be a substantial technical challenge due 

to the pico-gram range of protein material in a single mammalian cell [88]. With advancements of 

sample preparation methods for minimizing sample loss as well as increasing sensitivity of mass 

spectrometers, the single-cell proteomes are within our reach, expanding from the ability to 

determine the most abundant proteins [89] to reach thousands of proteins [90]. 

A plethora of transgenic animal models, human cell lines, and primary cells are available for the 

study of the CNS and its diseases. Induced pluripotent stem cells (iPSCs) are also very promising 

and allow the study of specific genes in distinct cell types (such as microglia, oligodendrocytes, 

astroglia and neurons) and the formation of novel model systems such as brain organoids, 

modeling the complexity of the neural tissue. Human iPSCs are already being used to investigate 

certain disease aspects and for large-scale drug testing. An additional strength is that they can 

also be patient-derived and thereby provide a platform for the testing of therapeutic drugs on a 

specific human genetic background [91,92]. Patient-derived iPSCs combined with CRISPR-CAS9 

generation of isogenic controls improve the conditions for studying genetically based neurological 

diseases with mass spectrometry. 
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Suppl. Table 1. Other regulated proteins. 
 

 
Alzheimer’s disease

Brain 

Increased (30): 
ACOT9, ACBP, AK1, ALDH1L1, CA2, CNP, DTNA, DYNLT1, EIF4H, H3F3A, HBA1, HR23A, 
LAMC1, NT5C, PAFAH1B3, PGLS, PLCD1, PSMC6, PYGB, RANBP6, RAD23A, RDX, RPS6, 
RUVBL2, SELENBP1, SEPT9, SKI8, SULT4A1, TMOD2, TMPO
Decreased (51): 
ADAP1, ABLIM2, AMOG, APOO, ATP6V1F, BSN, CADM2, CALM2, CAP2, CDC42, DLCK1, 
DLG4, DNAJC11, FARSB, FKBP1A, FXN1, GLS, GLXII, GNAI1, GNAI3, GRIA2, GRPEL1, 
HOMER1, HPCAL4, IVD, KIAA1045, MAPRE3, MAP2, MGLL, MTX2, NAPB, NDRG2, NEDD8, 
NRCAM, PCBP1, PHF24, PIP4KC2, PLXNA1, PLXNA4, PPME1, PPP1CB, PTPRZ1, SGTA, 
SLC25A22, SNAP25, STX1A, SYNGAP1, SYNPO, SYT12, TUBA1A, TUBB2AS 

CSF 

Increased (7): 
AGT, APOA2, CPE, HPX, MDH1, NPTX1, SERPINC1
Decreased (1): 
CLEC3B 

Blood 

Increased (0): 
None 
Decreased (2): 
APOA4, CP 

 
Ischemic stroke 

Brain 

Increased (0): 
None 
Decreased (1): 
SLC25A12 

Blood 

Increased (5): 
APOB, APOC2, APOD, FABP3, THBS1
Decreased (3): 
ALB, APOA4, PROZ 

 
Multiple sclerosis

CSF 

Increased (10): 
ADA2, AGT, FCGBP, FMOD, LRG1, OMD, PLG, RBP3, RNASET2, SCUBE2 
Decreased (50): 
ADAM11, ADAMTS4, ADGRB2, APLP1, APOA2, APOD, ATP6AP1, BCAN, CADM2, CBLN1, 
CCDC126, CDH2, CDH10, CDH13, CHGB, CHL1, CNTN1, CLSTN1, CNDP1, CRTAC1, DCC, 
EPHA4, EPHA7, FSTL4, GRIA4, KLK6, L1CAM, NCAN, NCAM2, NEGR1, NPTXR, NRCAM, 
NRN1, NRXN2, PCSK1N, PNOC, PTPRD, PTPRN2, RTN4RL2, SCG2, SCG5, SERPINI1, SEZ6, 
SEZ6L, SEZ6L2, SLIT1, SLITRK4, SORCS3, TAFA1, THY1

Blood 

Increased (0): 
None 
Decreased (1): 
CFL1 
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Suppl. Table 2: Publications on Alzheimer’s disease (AD) 

 
 

Title Year Author Method Sample 

AD pathology and the CSF proteome 2018 
Dayon et 

al.  
LC-MS/MS 

Ante-mortem 
CSF 

Label-free quantitative comparison of cerebrospinal fluid 
glycoproteins and endogenous peptides in subjects 
with Alzheimer's disease, mild cognitive impairment, and 
healthy individuals 

2016 
Wang et 

al. 
LC-MS/MS,  

Ante-mortem 
CSF 

A targeted proteomic multiplex CSF assay identifies 
increased malate dehydrogenase and other 
neurodegenerative biomarkers in individuals 
with Alzheimer's disease pathology 

2016 
Paterson 

et al.  

Targeted 
proteomics 

(MRM) 

Ante-mortem 
CSF 

Identification of novel CSF biomarkers for 
neurodegeneration and their validation by a high-
throughput multiplexed targeted proteomic assay  
 

2015 Heywood 
Targeted 

proteomics 
(MRM) 

Ante-mortem 
CSF 

Identification of SPARC-like 1 protein as part of a 
biomarker panel for Alzheimer's disease in cerebrospinal 
fluid 

2012 
Vafadar-

Isfahani et 
al. 

MALDI-
TOF/TOF 

MS 

Ante-mortem 
CSF 

Proteomic analysis of Alzheimer’s disease cerebrospinal 
fluid from neuropathologically diagnosed subjects 

2009 
Maarouf 

et al.  
2D DIGE 
MS/MS 

Immediate 
post-mortem 
CSF samples 

A novel panel of cerebrospinal fluid biomarkers for the 
differential diagnosis of Alzheimer's disease versus 
normal aging and fronto-temporal dementia 

2007 
Simonsen 

et al. 
SELDI-TOF 

MS 
Ante-mortem 

CSF 

Identification and validation of novel CSF biomarkers for 
early stages of Alzheimer's disease 

2007 Hu et al. 2D DIGE 
Ante-mortem 

CSF 

Detection of biomarkers with a multiplex quantitative 
proteomic platform in cerebrospinal fluid of patients with 
neurodegenerative disorders 

2006 Abdi et al. LC-MS/MS 
Ante-mortem 

CSF 

Quantitative proteomics of cerebrospinal fluid from 
patients with Alzheimer disease 

2005 
Zhang et 

al. 
LC-MS/MS 

Ante-mortem 
CSF 

Proteomic studies of potential cerebrospinal fluid protein 
markers for Alzheimer's disease 

2003 
Puchades 

et al. 
2DE MS 

Ante-mortem 
CSF 

Proteomics Analysis of Blood Serums from Alzheimer’s 
Disease Patients Using iTRAQ Labeling Technology 

2017 Shen et al. LC-MS/MS Serum 

Plasma protein profiling of Mild Cognitive Impairment 
and Alzheimer's disease using iTRAQ 
quantitative proteomics 

2014 Song et al. LC-MS/MS Plasma 

Lymphocyte mitochondria: toward identification of 
peripheral biomarkers in the progression of Alzheimer 
disease 

2013 
Sultana et 

al. 
2D-PAGE, 
LC-MS/MS 

Lymphocyte 
mitochondria 
isolated from 
blood samples 

Plasma levels of complement 4a protein are increased 
in Alzheimer's disease 

2012 
Bennet et 

al. 
LC-MS/MS Plasma 

Proteomic identification and early validation of 
complement 1 inhibitor and pigment epithelium-derived 

2008 
Cutler et 

al. 
LC-MS/MS Plasma 
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factor: Two novel biomarkers of Alzheimer's disease in 
human plasma 

Proteomics analysis of plasma for potential biomarkers in 
the diagnosis of Alzheimer's disease 

2007 Liao et al.
2DE, LC-
MS/MS 

Plasma 

Proteome-based plasma biomarkers for Alzheimer’s 
disease 

2006 Hye et al. 2D DIGE Plasma 

Proteomic identification of lower apolipoprotein A-I 
in Alzheimer's disease 

2006 Liu et al 
2DE, LC-
MS/MS 

Serum 

Integrated proteomics and network analysis identifies 
protein hubs and network alterations in AD 

2018 
Zhang et 

al. 
LC-MS/MS Frontal cortex 

Common proteomic profiles of induced pluripotent stem 
cell-derived three-dimensional neurons and brain tissue 
from Alzheimer patients 

2018 
Chen et 

al. 
LC-MS/MS 

Superior frontal 
cortex, inferior 
frontal cortex, 

cerebellum 
Olfactory bulb neuroproteomics reveals a chronological 
perturbation of survival routes and a disruption of 
prohibitin complex during Alzheimer’s disease 
progression 

2017 
Lachén-

Montes et 
al. 

LC-MS/MS Olfactory bulb 

A multi-network approach identifies protein specific co-
expression in asymptomatic and symptomatic AD 

2017 
Seyfried 

et al. 
LC-MS/MS Not specified 

Changes in the detergent-insoluble brain proteome linked 
to amyloid and tau in Alzheimer’s Disease progression 

2016 
Hales et 

al. 
LC-MS/MS 

Middle frontal 
gyrus, sarkosyl 

preparation 
Proteins that mediate protein aggregation and cytotoxicity 
distinguish Alzheimer's hippocampus from normal 
controls 

2016 
Ayyadeva

ra et al. 
LC-MS/MS Hippocampus 

Identification of proteins that are differentially expressed 
in brains with Alzheimer's disease using iTRAQ labelling 
and tandem mass spectrometry 

2016 
Minjarez 

et al. 
LC-MS/MS Not specified 

SWATH analysis of the synaptic proteome in Alzheimer's 
disease 

2015 
Chang et 

al. 
LC-MS/MS 

SWATH 

Hippocampus, 
primary motor 

cortex, 
synaptosome 
preparation 

Quantification of the brain proteome in AD using 
multiplexed mass spectrometry 

2013 
Musunuri 

et al. 
LC-MS/MS 

Temporal 
neocortex 

Differential Expression of Proteins in Brain Regions of 
Alzheimer’s Disease Patients 

2013 
Zahid et 

al. 
2DE, LC-
MS/MS 

Hippocampus, 
substantia 

nigra, cortex. 

Proteomic analysis of postsynaptic density in Alzheimer's 
disease 

2013 
Zhou et 

al. 
LC-MS/MS 

Cortex, post 
synaptic 
density 

preparation 
Quantitative proteomic analysis of human substantia nigra 
in Alzheimer's disease, Huntington's disease and Multiple 
sclerosis 

2012 Chen et al LC-MS/MS 
Substantia 

nigra 

Label-free quantitative LC-MS proteomics of Alzheimer's 
disease and normally aged human brains 

2012 
Andreev 

et al. 
LC-MS/MS 

Temporal 
cortex 

Proteomics analysis of the Alzheimer's 
disease hippocampal proteome 

2007 
Sultana et 

al. 
2DE, LC-MS Hippocampus 
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Suppl. Table 3: Publications on multiple sclerosis (MS) 
 

Title Year Author Method Sample

Decreased neuro-axonal oroteins in CSF at first 
attack of suspected multiple sclerosis 

2017 Stoop et al. LC-MS/MS 
Ante-mortem CSF, 

CID MS 
In-depth cerebrospinal fluid quantitative proteome 
and deglycoproteome analysis: resenting a 
comprehensive picture of pathways and processes 
affected by multiple sclerosis 

2017 
Kroksveen 

et al. 
LC-MS/MS 

Ante-mortem CSF, 
RRMS 

Label-free analysis of human cerebrospinal fluid 
addressing various normalization strategies and 
revealing protein groups affected by multiple 
sclerosis 

2016 Opsahl et al. LC-MS/MS 
Ante-mortem CSF, 

RRMS 

Protein-based classifier to predict conversion from 
clinically isolated syndrome to multiple sclerosis 

2016 Borras et al. 
SRM, LC-

MS/MS 
Ante-mortem CSF, 

CID MS 
Quantitative proteomics suggests decrease in the 
secretogranin-1 cerebrospinal fluid levels during 
the disease course of multiple sclerosis 

2015 
Kroksveen 

et al. 
LC-MS/MS 

Ante-mortem CSF, 
RRMS 

Chitinase 3-like proteins as diagnostic and 
prognostic biomarkers of multiple sclerosis 

2015 
Hinsinger et 

al. 
LC-MS/MS 

Ante-mortem CSF, 
RRMS, CIS MS, 

PMS 
Proteomic profiling in multiple sclerosis clinical 
courses reveals potential biomarkers of 
neurodegeneration 

2014 
Liguori et 

al. 
MALDI 
TOF MS 

Ante-mortem CSF, 
CIS, RRMS, PMS 

Gray matter is targeted in first-attack multiple 
sclerosis 

2013 
Schutzer et 

al. 
LC-MS/MS 

Ante-mortem CSF, 
CID MS, RRMS 

Cerebrospinal fluid proteome comparison 
between multiple sclerosis patients and controls 

2012 
Kroksveen 

et al. 
LC-MS/MS 

Ante-mortem CSF, 
RRMS 

Proteomic analysis of cerebrospinal fluid in a 
fulminant case of multiple sclerosis 

2012 Füvesi et al. LC-MS/MS 
Ante-mortem CSF, 
RRMS, fulminant 

MS 
Cerebrospinal fluid chitinase 3-like levels are 
associated with conversion to multiple sclerosis 

2010 
Comabella 

et al. 
LC-MS/MS 

Ante-mortem CSF, 
CID MS, CIS MS 

Multiple sclerosis: Identification and clinical 
evaluation of novel CSF biomarkers 

2010 
Ottervald et 

al. 
2DE, LC-
MS/MS 

Ante-mortem CSF, 
RRMS, PMS, SPMS 

Quantitative proteomic analysis of the 
cerebrospinal fluid of patients with multiple 
sclerosis 

2009 Liu et al. 
2D-DIGE, 
MALDI 
TOF MS 

Ante-mortem CSF, 
RRMS 

Quantitative matrix-assisted laser desorption 
ionization-fourier transform ion cyclotron 
resonance (MALDI-FT-ICR) peptide profiling and 
identification of multiple-sclerosis-related proteins 

2009 Stoop et al. 

MALDI 
TOF 

MS/MS, 
MALDI-FT-

ICR, LC- 
MS/MS 

Ante-mortem CSF, 
CID MS, CIS MS, 

RRMS 

CSF proteome analysis in multiple 
sclerosis patients by two-dimensional 
electrophoresis 

2008 
Chiasserini 

et al. 
2DE, 

MS/MS 
Ante-mortem CSF, 

CIS, RRMS 

Differential cerebrospinal fluid proteome 
investigation of Leber hereditary optic neuropathy 
(LHON) and multiple sclerosis 

2008 
D'aguanno 

et al. 
2DE, 

MS/MS 
Ante-mortem CSF, 

RRMS 

Cerebrospinal fluid proteome profile in multiple 
sclerosis 

2007 
Lehmensiek 

et al. 
2D-DIGE 

Ante-mortem CSF, 
RRMS, CIS 

Serum proteomic analysis of a pre-
symptomatic multiple sclerosis cohort 

2015 Wallin et al. LC-MS/MS Serum, RRMS 

Serum proteomics in multiple sclerosis disease 
progression 

2015 
Tremlett et 

al. 
LC-MS/MS Serum, RRMS, PMS 

Proteomics comparison of the sera from multiple 2014 Jiang et al. 2DE MS Serum, CID MS  
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sclerosis patients and neuromyelitis optica patients 
New potential serum biomarkers in multiple 
sclerosis identified by proteomic strategies 

2014 Amin et al. 2D-DIGE Serum, CID MS 

Involvement of oxidative stress in occurrence of 
relapses in multiple sclerosis: the spectrum of 
oxidatively modified serum proteins detected 
by proteomics and redox proteomics analysis 

2013 Fiorini et al. 2DE MS Serum, RRMS 

The clinical potential of blood-
proteomics in multiple sclerosis 

2013 
De masi et 

al. 
2DE MS 

PBMC fraction, 
RRMS,  

Serum levels of complement C4 fragments 
correlate with disease activity in multiple 
sclerosis: proteomic analysis 

2010 Sawai et al. 
MALDI 
TOF MS 

Serum, RRMS 

PBMCs protein expression profile in relapsing 
IFN-treated multiple sclerosis: A pilot study on 
relation to clinical findings and brain atrophy 

2009 
De Masi et 

al. 
2DE MS 

PBMC fraction, 
RRMS 

Protein expression profiles in pediatric multiple 
sclerosis: potential biomarkers 

2009 
Rithideck et 

al. 
2DE MS Plasma, CID 

New antigenic candidates in multiple sclerosis: 
identification by serological proteome analysis 

2004 
Almeras et 

al. 
2DE MS Serum, CID MS 

Comprehensive tissue processing strategy for 
quantitative proteomics of formalin-fixed multiple 
sclerosis lesions 2011 Ly et al. LC-MS/MS 

No specified region, 
SPMS 

Naturally presented peptides on major 
histocompatibility complex I and II molecules 
eluted from central nervous system of multiple 
sclerosis patients 2009 Fissolo et al. LC-MS/MS 

No specified brain 
region, HLA 

associated fraction, 
PMS, SPMS 

Extraction and proteomic analysis of proteins from 
normal and multiple sclerosis post-mortem brain 2005 

Newcombe 
et al. 2DE MS 

MS plaque area and 
normal white matter, 

CID 
 
Suppl. Table 4: Publications on ischemic stroke 
 

Title Year Author Method Sample

Identification of novel biomarkers of brain damage in patients 
with hemorrhagic stroke by integrating bioinformatics and 
mass spectrometry-based proteomics 

2014 
Martinez-
morillo et 

al. 
SRM MS CSF, HS, IS 

Validation of a proteomic biomarker panel to diagnose minor-
stroke and transient ischaemic attack: phase 2 of SpecTRA, a 
large scale translational study 

2018 Penn et al. 
MRM LC-

MS/MS 
Plasma, IS 

Verification of a proteomic biomarker panel to diagnose 
minor stroke and transient ischaemic attack: phase 1 of 
SpecTRA, a large scale translational study 

2018 Penn et al. 
MRM LC-

MS/MS 
Plasma, IS 

Differential Proteomics for Distinguishing Ischemic Stroke 
from Controls: a Pilot Study of the SpecTRA Project 

2018 Penn et al. 
LC-MRM-

MS 
Serum, IS 

Plasma proteomics reveals coagulation, inflammation, and 
metabolic shifts in H-type hypertension patients with and 
without acute ischemic stroke 

2017 Zhou et al. 
LC-

MS/MS 
Plasma, IS 

Platelets Proteomic Profiles of Acute Ischemic Stroke Patients 2016 Cevik et al. 
LC-

MS/MS 
Platelets, IS 

Proteomic Signature of Endothelial Dysfunction Identified in 
the Serum of Acute Ischemic Stroke Patients by the iTRAQ-
Based LC-MS Approach 

2015 
Sharma et 

al. 
LC-

MS/MS 
Serum, IS 

Plasma-based proteomics reveals lipid metabolic and 
immunoregulatory dysregulation in post-stroke depression 

2014 Zhan et al. 
LC-

MS/MS 
Plasma, IS, 

HS 
Discovery of prognostic biomarker candidates of lacunar 
infarction by quantitative proteomics of microvesicles 

2014 Datta et al. 
LC-

MS/MS 
Microvesicel 

fraction of 
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enriched plasma Plasma, IS 
Multiple liquid chromatography separations and nanoESI-ion 
trap detection of plasma proteins in search 
of stroke biomarkers: A pilot study 

2012 Kodali et al. 
LC-

MS/MS 
Plasma, IS, 

HS 

Discrimination of ischemic and hemorrhagic strokes using a 
multiplexed, mass spectrometry-based assay for serum 
apolipoproteins coupled to multi-marker ROC algorithm 

2012 Lopez et al. SRM 
Serum, IS, 

HS 

Quantitative clinical proteomic study of autopsied human 
infarcted brain specimens to elucidate the deregulated 
pathways in ischemic stroke pathology 

2013 Datta et al. 
LC-

MS/MS 

Infarct region 
of putamen, 

thalamus and 
the parietal 

lobe, IS 
 

Single Cell Immuno-Laser Microdissection Coupled to Label-
Free Proteomics to Reveal the Proteotypes of Human Brain 
Cells After Ischemia 

2018 
Garcia-

berrocoso et 
al. 

LC-
MS/MS 

Neurons and 
blood brain 

barrier 
structures, IS 

The Proteome of Human Brain After Ischemic Stroke 2010 
Cuadrado et 

al. 
2D-DIGE IS 
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Table 1. Regulated inflammatory proteins. 
 

 

 
Direction of 
regulation 

(n) 

Inflammatory proteins 

Reactive 
oxygen 
stress 

response 

Innate/adaptive 
immune 
proteins 

Alzheimer’s disease 

Brain 

Increased 
(26) 

A2M, ANXA5, ALAD, 
AP2M1, CAPN2, ENO1, FTL, 
GFAP, GSN, HSBP1, PEBP-1, 

PKM, RHOA, S100A1, 
XRCC5 

CAT, FTH1, 
GSTP1, 
MAOB, 
PRDX2, 
PRDX6 

ANXA1, APP, 
CHGA, CLU, 

SIRT2 

Decreased 
(23) 

CDC42, CRMP1, DBN1, 
DMTN, GNL1, LDHA, 
NDUFA13, NDUFS8, 

OTUB1, OPA1, PAK1, 
PHACTR1, PIP5K1C, 

PRKGC, PVRL1, RAB3C, 
RHOB, RPH3A, RTN3, VGF 

None 
AP2A1, AP3D1, 

ARPC1A 

CSF 

Increased 
(11) 

A2M, C4B, CD44, CHI3L1, 
HRG, HP, ITM2B, SPP1, 

TTR, SERPINA1, SERPINC1 
None None 

Decreased 
(1) KNG None None 

Blood 

Increased 
(3) A2M, IGHM, GSN None None 

Decreased 
(1) CFB None None 

 
Ischemic stroke 

Blood 

Increased 
(14) 

CRP, CST3, GSTP1, IL6, 
LRG1, MPO, S100B, SAA1, 
F9, SERPINA3, SERPIND1 

None CFH, FGA, FGB 

Decreased 
(6) 

C4B, HPX, LTF, PON1, 
SELE, PROZ 

None None 

Multiple sclerosis 

CSF 

Increased 
(19) CHI3L1, FGL2, PLG, PON1 None 

ANG, B2M, C1Q, 
C1R, IGHG1, 

IGHV3-13, 
IGHM, IGKC, 

IGKV1-5, 
IGKV3-11, 
IGKV3-20, 

IGKV4-1, IGLC1, 
IGLC2, IGLL5 

Decreased 
(10) 

AHSG, GSN, ORM1, PRNP, 
SEMA7A, SERPINA1, VGF 

None 
APP, CLU, 
SERPING1 

n, number of regulated proteins.  
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Fig.1. The CNS is physically guarded by three barriers: 1) The blood-CNS or blood-brain barrier 
(BBB) restricts transport of molecules (and cells) between the blood and the neural tissue. 2) The 
blood-CSF barrier restricts transport of molecules (and cells) from blood into the CSF. 
Approximately 500 ml CSF fluid is produced per day in the human. Most of the CSF is produced by 
the choroid plexus in the ventricles and circulates via the ventricles to the subarachnoid space 
bathing the CNS; from here the CSF is re-absorbed to the venous sinuses or drained via dural and 
nasal lymphatics to the deep cervical lymph nodes. CSF is also drained via lymphatics associated 
with nerve roots. 3) The CNS-CSF border is formed by the ependymal cells lining the inside of the 
ventricles. Unlike the BBB and the blood-CSF barrier, the ependymal cells bordering the ventricles 
are not connected by tight junctions. Therefore, a small amount of interstitial fluid (ISF) is 
continuously drained into the CSF, whereby the CSF to some extent reflects the extracellular 
environment of the brain. In the human, the total ISF volume is 280 mL and the total CSF volume 
is 140 mL [35]. 
 
 
Fig 2: Overview of the literature screening process using PubMed to search using the MeSH terms 
“Alzheimer’s Disease” or “Multiple sclerosis” or “Ischemic stroke” and “proteomics”. Papers were 
limited to original research (OR) articles in English with available quantitative proteomics data 
performed on blood, CSF or CNS tissue from humans.  

 

Fig 1 
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Fig 2 




