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Introduction

Alzheimer's disease (AD) is a neurodegenerative disorder that currently affects five million Americans. AD is the most common form of dementia among the elderly, as approximately 50% of adults aged 85 years develop this condition. Diagnosis of AD is based on National Institute of Neurological and Communicative Disorders and Alzheimer's Disease and Related Disorders (NINCDS-ADRDA) Reagan criteria, neuropsychiatric testing, neuroimaging such as PET scanning/MRI, and an exclusion of other forms of dementia. AD is inherently difficult to diagnose, especially in very early stages when memory impairment is mild and may go unrecognized. Despite intense investigation into the mechanisms of neurodegeneration and possible causes of AD, currently no cure or definitive underlying cause exists. Therapeutics such as memantine, an NMDA receptor antagonist, and Aricept®, an acetlycholinesterase inhibitor, slow the rate of degeneration and are among the most widely prescribed medications to treat AD. These drugs are effective only briefly in the course of this disease and are usually administered at a time when the patient has exhibited a noticeable decline in cognition, and neurodegeneration has progressed to an irreversible state. Therefore, the need for a biomarker or set of biomarkers to diagnose AD earlier, distinguish AD from other forms of dementia, and monitor therapeutic efficacy is of critical need to aid and better protect the elderly from this devastating dementing disorder.

A biomarker is an abnormal signal from a bodily fluid or tissue that can provide distinguishable pathological information for a patient. According to the 1998 Consensus Report of the Working Group on Molecular and Biochemical Markers of Alzheimer Disease [START_REF]Consensus report of the Working Group on: "Molecular and Biochemical Markers of Alzheimer's Disease". The Ronald and Nancy Reagan Research Institute of the Alzheimer's Association and the National Institute on Aging Working Group[END_REF], ideal biomarkers for AD should be: 1) reflective or indicative of AD
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M A N U S C R I P T pathology; 2) reliable; 3) easy to perform/analyze; and 4) relatively inexpensive. Because biomarkers have the potential to assist in the diagnosis, delineate the disease stage, and monitor drug efficacy in AD, the notion of a single biomarker serving all of these functions is somewhat unrealistic. Rather, a combination of markers for diagnosing and managing AD and pre-clinical stages of AD, such as amnestic mild cognitive impairment (MCI), are continually being investigated. For AD and other neurodegenerative diseases, blood plasma and cerebrospinal fluid (CSF) have evolved as prime targets for biomarker investigation. This review focuses mainly on proteins and peptides in plasma and CSF as candidate biomarkers for AD, and briefly discusses advances in potential urinary biomarkers for AD.

Plasma

Plasma is the liquid portion of blood that suspends cells such as red blood cells, white blood cells, and platelets. Plasma is pale-yellow in color, rather viscous, and can be isolated from whole blood by centrifugation at low speeds in the presence of an anticoagulant. Serum, which is oftentimes confused with plasma, is plasma with clotting factors, such as fibrinogen, removed. Serum is isolated by allowing blood to clot (therefore, no anticoagulant necessary) prior to centrifugation. During the coagulation process for serum preparation, the concentrations of some proteins in the sample are altered, and also, protein fragments are released by platelets and other cells [START_REF] Issaq | Serum and plasma proteomics[END_REF]. The plasma proteome, consequently, is altered and the opportunity for artifactual results is increased. Also, high fibrinogen levels have been shown to be associated with cognitive decline in patients with MCI [START_REF] Xu | Plasma fibrinogen is associated with cognitive decline and risk for dementia in patients with mild cognitive impairment[END_REF] and increased risk of dementia [START_REF] Van Oijen | Fibrinogen is associated with an increased risk of Alzheimer disease and vascular dementia[END_REF]. With this protein removed from the sample in serum preparation, a potential biomarker for AD may be
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overlooked. Therefore, depending on the investigation, plasma may be preferable for proteomic analysis/biomarker research instead of serum.

The ease with which blood, and therefore plasma, can be obtained from a human makes this fluid ideal for biomarker investigation. Human plasma is estimated to contain thousands of proteins and peptides that span a dynamic range in concentration of >10 15 [START_REF] Thadikkaran | Recent advances in blood-related proteomics[END_REF]. Although an extremely rich source for disease-related biomarkers, the concentrations of the most abundant proteins, the "classical proteins," make plasma a difficult sample to analyze. Albumin, the most abundant protein in plasma (albumin comprises greater than half of the total plasma protein concentration), is capable of masking lower abundance proteins that may be important as biomarkers. Depletion methods for high abundance proteins have spawned a plethora of commercially available dyes, spin cartridges, and high performance liquid chromatography (HPLC) columns that are capable of depleting approximately 20 of the most highly abundant proteins in plasma. Thus, depletion of high abundance proteins will increase the accessible dynamic range (Fig 1) and uncover lower abundance proteins that would otherwise be masked in a non-depleted sample (for example, see the 2D electrophoretogram in Fig 2).

Plasma Biomarkers for Differentiating AD from Controls

In the last decade, numerous possible candidate biomarkers for AD have been reported. A considerable number of AD studies of plasma have exploited differences in the expression of individual proteins or peptides in AD patients compared to healthy controls. Some of these proteins have direct effects on brain/cognitive processes or are localized in brain, and therefore fulfill the requirement that an ideal biomarker be reflective of the pathology it represents. Also, because of the multidimensionality of a biomarker, peptides or proteins identified as having a characteristic difference in AD plasma may be useful in other ways. For example, proteins indicative of pathological conditions of AD may lead to new therapeutic strategies.

Numerous studies have identified plasma proteins whose expression levels in AD patients differ from controls. One proteomic study found alpha-2-macroglobulin (α2M)

and complement factor H (CFH) to have increased expression in AD plasma compared to controls, and the increase for CFH was observed only for AD when compared with other forms of dementia [START_REF] Hye | Proteome-based plasma biomarkers for Alzheimer's disease[END_REF]. Both α2M and CFH have been shown to be present in senile plaques [START_REF] Bauer | Interleukin-6 and alpha-2-macroglobulin indicate an acute-phase state in Alzheimer's disease cortices[END_REF][START_REF] Strohmeyer | Association of factor H of the alternative pathway of complement with agrin and complement receptor 3 in the Alzheimer's disease brain[END_REF], a hallmark of AD pathology. α2M is associated with damage to the blood brain barrier (BBB) [START_REF] Cucullo | Blood-brain barrier damage induces release of alpha2-macroglobulin[END_REF], which may be evident in AD [START_REF] Zipser | Microvascular injury and blood-brain barrier leakage in Alzheimer's disease[END_REF]. Also, α2M has been proposed as a genetic polymorphism in AD [START_REF] Tanzi | A genetic dichotomy model for the inheritance of Alzheimer's disease and common age-related disorders[END_REF][START_REF] Blacker | Alpha-2 macroglobulin is genetically associated with Alzheimer disease[END_REF] Alpha-1-antitrypsin (A1AT), a serine protease inhibitor, was found to be increased in AD plasma [START_REF] Maes | Characterization of alpha1-antitrypsin as a heme oxygenase-1 suppressor in Alzheimer plasma[END_REF][START_REF] Yu | Aberrant profiles of native and oxidized glycoproteins in Alzheimer plasma[END_REF] and serum [START_REF] Wetterling | Serum alpha 1-antitrypsin and alpha 2macroglobulin in Alzheimer's and Binswanger's disease[END_REF] compared to controls and oxidized in its precursor form in AD [START_REF] Choi | Identification of oxidized plasma proteins in Alzheimer's disease[END_REF]. A1AT is localized in both senile plaques and neurofibrillary tangles (NFT) [START_REF] Gollin | Alpha 1antitrypsin and alpha 1-antichymotrypsin are in the lesions of Alzheimer's disease[END_REF]. The physiological role of A1AT is to suppress overexpressed proteases during inflammation; oxidation of this protein can lead to an alteration of its activity, and as a result, contribute to inflammatory processes observed in conditions such as AD [START_REF] Moraga | Activation of primary human monocytes by the oxidized form of alpha1-antitrypsin[END_REF].

Alpha-1-antichymotrypsin (A1ACT) has been reproducibly found to be increased in plasma/serum of AD patients compared to controls [START_REF] Matsubara | Alpha 1-antichymotrypsin as a possible biochemical marker for Alzheimer-type dementia[END_REF][START_REF] Hinds | Relationship between serum alpha 1-antichymotrypsin and Alzheimer's disease[END_REF][START_REF] Lieberman | Serum alpha 1antichymotrypsin level as a marker for Alzheimer-type dementia[END_REF][START_REF] Licastro | Acute phase reactant alpha 1-antichymotrypsin is increased in cerebrospinal fluid and serum of patients with probable Alzheimer disease[END_REF][START_REF] Licastro | Increased serum alpha 1antichymotrypsin in patients with probable Alzheimer's disease: an acute phase reactant without the peripheral acute phase response[END_REF][START_REF] Licastro | Blood levels of alpha-1antichymotrypsin and risk factors for Alzheimer's disease: effects of gender and apolipoprotein E genotype[END_REF][START_REF] Licastro | Increased plasma levels of interleukin-1, interleukin-6 and alpha-1-antichymotrypsin in patients with Alzheimer's disease: peripheral inflammation or signals from the brain?[END_REF], although some groups report otherwise [START_REF] Pirttila | Alpha 1-antichymotrypsin and IL-1 beta are not increased in CSF or serum in Alzheimer's disease[END_REF][START_REF] Kuiper | Serum alpha 1-antichymotrypsin is not a useful marker for Alzheimer's disease or dementia in Parkinson's disease[END_REF]. A1ACT is a serine protease inhibitor synthesized by the liver.

Elevated levels of this protein in the periphery may indicate the presence of systemic inflammation [START_REF] Scacchi | Plasma alpha1-antichymotrypsin in Alzheimer's disease; relationships with APOE genotypes[END_REF]. Plasma and CSF A1ACT levels have been shown to correlate with
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disease severity [START_REF] Dekosky | Plasma and cerebrospinal fluid alpha1-antichymotrypsin levels in Alzheimer's disease: correlation with cognitive impairment[END_REF]. A1ACT is localized to senile plaques observed in AD brain [START_REF] Abraham | Immunochemical identification of the serine protease inhibitor alpha 1-antichymotrypsin in the brain amyloid deposits of Alzheimer's disease[END_REF].

Interestingly, A1ACT differentially interacts with Aβ(1-40) and Aβ , which could reflect the greater neurotoxicity of the latter [START_REF] Aksenova | alpha-1antichymotrypsin interaction with A beta (1-40) inhibits fibril formation but does not affect the peptide toxicity[END_REF][START_REF] Aksenov | Alpha 1antichymotrypsin interaction with A beta (1-42) does not inhibit fibril formation but attenuates the peptide toxicity[END_REF]. A1ACT also induces tau phosphorylation in neurons, suggesting that this protein could contribute to hyperphosphorylation and subsequent development of tangles [START_REF] Padmanabhan | Alpha1-antichymotrypsin, an inflammatory protein overexpressed in Alzheimer's disease brain, induces tau phosphorylation in neurons[END_REF].

Apolipoprotein A1 (APOA1), the main component of high-density lipoproteins (HDL), has been reported to be lower in AD serum compared to controls [START_REF] Liu | Proteomic identification of lower apolipoprotein A-I in Alzheimer's disease[END_REF][START_REF] Merched | Decreased high-density lipoprotein cholesterol and serum apolipoprotein AI concentrations are highly correlated with the severity of Alzheimer's disease[END_REF]. The main function of APOA1 is to bind to the ATP binding cassette transporter A1 (ABCA1)

to promote cholesterol export from cells and tissues into blood. Because ABCA1 is also present at the BBB, it has been suggested that lower APOA1 levels in serum may contribute to the pathogenesis of AD, due to the involvement of cholesterol in APP processing [START_REF] Liu | Proteomic identification of lower apolipoprotein A-I in Alzheimer's disease[END_REF]. Moreover, though not proven yet, statins are proposed as a promising potential therapy to Aβ, which conceivably could be related to APOA1.

Although these and other proteins may reflect pathological processes observed in AD and have been identified as having characteristic differences in diseased plasma compared to controls, these differences have yet to achieve the diagnostic power, sensitivity, and reproducibility necessary for widespread use in a clinical setting.

Reproducibility issues may arise in part due to different analytical methodologies between laboratories, including choice of anticoagulant and depletion strategy and storage among other considerations that may affect the plasma proteome (Kim and Kim 2007). Therefore, standardization using a valid universal protocol for sample handling and analytical technique is essential before assessing which proteins are, in fact, reproducible biomarkers of AD [START_REF] Zolg | The proteomic search for diagnostic biomarkers: lost in translation?[END_REF].

Amyloid-beta (Aβ) peptide is the central component of senile plaques present in AD brain and exists primarily as 40-and 42-amino acid peptides. Aβ can be detected via an enzyme linked immunosorbent assay (ELISA). Plasma Aβ levels have been shown to correlate with age [START_REF] Fukumoto | Age but not diagnosis is the main predictor of plasma amyloid betaprotein levels[END_REF]; however, reports of Aβ differences in plasma on the basis of AD diagnosis have found no significant differences [START_REF] Irizarry | Biomarkers of Alzheimer disease in plasma[END_REF]. One possibility for the broad overlap in plasma Aβ measurements may lie in the analytical difficulties associated with this fluid. For example, Aβ is capable of binding to plasma proteins such as albumin [START_REF] Kuo | High levels of circulating Abeta42 are sequestered by plasma proteins in Alzheimer's disease[END_REF];

in fact, one study showed that 95% of Aβ present in the blood is bound to plasma proteins, and therefore undetected by ELISA, probably due to epitope masking [START_REF] Kuo | Amyloid-beta peptides interact with plasma proteins and erythrocytes: implications for their quantitation in plasma[END_REF].

ELISAs have been developed to detect total Aβ, irrespective of being bound or unbound; however, some ELISAs only measure "free Aβ," which could possibly explain some group-to-group variation [START_REF] Zetterberg | Plasma Abeta in Alzheimer's disease--up or down?[END_REF].

A recent study in 2007 examined intra-versus inter-person differences in plasma and serum Aβ levels [START_REF] Abdullah | The influence of diagnosis, intra-and inter-person variability on serum and plasma Abeta levels[END_REF]. Results of this study show lower intra-person than inter-person variability in plasma/serum levels of Aβ. This suggests that, for measuring peripheral Aβ as a potential marker, comparative studies of the same subjects before and after diagnosis of MCI/AD may be more advantageous than one comparing diseased subjects to normal controls, which would serve to decrease between-group variability [START_REF] Abdullah | The influence of diagnosis, intra-and inter-person variability on serum and plasma Abeta levels[END_REF]. Nevertheless, levels of Aβ have not yielded conclusive results in plasma to serve as a biomarker for differentiating between AD and healthy controls.

Cerebrospinal Fluid

CSF is the "shock absorbing" fluid that is produced by the choroid plexus and bathes the space between the arachnoid and pia mater. Approximately 500 mL of CSF is produced by the brain daily, which is the same as its absorption rate into plasma [START_REF] Hye | Proteome-based plasma biomarkers for Alzheimer's disease[END_REF]. The main functions of CSF are to cushion the brain and spinal cord, and shuttle waste products from the central nervous system into the blood. CSF is obtained via lumbar puncture. Although lumbar puncture is invasive and potentially painful for the patient, CSF is probably the most informative obtainable fluid for neurodegenerative disease prognosis. For example, CSF has more physical contact with brain than blood, as it is not separated from brain by the tightly regulated BBB. As a result, proteins or peptides that may be directly reflective of brain specific AD pathology would be most likely to diffuse into CSF than any other bodily fluid.

CSF Biomarkers for Differentiating AD and Controls

Changes in brain chemistry may be reflected in CSF, since as noted above, CSF is in direct contact with the central nervous system [START_REF] Hampel | Advances in the development of biomarkers for Alzheimer's disease: from CSF total tau and Abeta(1-42) proteins to phosphorylated tau protein[END_REF]. Analysis of CSF has produced some of the most reproducible biomarkers for AD, such as decreased Aβ42, increased total tau (t-tau), and increased phosphorylated tau (p-tau) [START_REF] Blennow | CSF biomarkers for mild cognitive impairment[END_REF][START_REF] Formichi | Cerebrospinal fluid tau, A beta, and phosphorylated tau protein for the diagnosis of Alzheimer's disease[END_REF][START_REF] Sunderland | Decreased beta-amyloid1-42 and increased tau levels in cerebrospinal fluid of patients with Alzheimer disease[END_REF]. Tau protein is involved in tubulin polymerization and microtubule stabilization, which helps maintain the cytoskeleton of neurons [START_REF] Daly | Role of phosphorylation in the conformation of tau peptides implicated in Alzheimer's disease[END_REF][START_REF] Mandelkow | Clogging of axons by tau, inhibition of axonal traffic and starvation of synapses[END_REF]. Tau protein activity is regulated by phosphorylation and dephosphorylation by various kinases and phosphatases; disruption of these events can lead to hyperphosphorylation of tau, and assembly into neurofibrillary tangles (NFTs), one of the pathologic hallmarks of AD [START_REF] Butterfield | Pin1 in Alzheimer's disease[END_REF].

CSF t-tau is suggested to be a marker of neuronal death [START_REF] Arai | Tau in cerebrospinal fluid: a potential diagnostic marker in Alzheimer's disease[END_REF] due to the fact that tau is an intracellular protein, and can diffuse into CSF as a result of lysis of the neuron [START_REF] Riemenschneider | Phospho-tau/total tau ratio in cerebrospinal fluid discriminates Creutzfeldt-Jakob disease from other dementias[END_REF]. Also, CSF levels of t-tau are highest in conditions known to exhibit severe neuronal damage, such as Creutzfeldt-Jakob disease (CJD) [START_REF] Otto | Elevated levels of tau-protein in cerebrospinal fluid of patients with Creutzfeldt-Jakob disease[END_REF]. Accordingly, investigators have reported increased CSF levels of t-tau in AD [START_REF] Formichi | Cerebrospinal fluid tau, A beta, and phosphorylated tau protein for the diagnosis of Alzheimer's disease[END_REF]. Also, measurements using ELISAs targeting six different phosphorylated epitopes of tau have reported increases of p-tau in AD CSF compared to controls [START_REF] Formichi | Cerebrospinal fluid tau, A beta, and phosphorylated tau protein for the diagnosis of Alzheimer's disease[END_REF]. Interestingly, levels of p-tau are not elevated in CJD, despite such a dramatic increase in levels of t-tau; this conceivably may be explained by the absence of NFTs in brains of most CJD patients [START_REF] Buerger | Dissociation between CSF total tau and tau protein phosphorylated at threonine 231 in Creutzfeldt-Jakob disease[END_REF], which are composed of hyperphosphorylated tau. CSF p-tau levels have been suggested to be indicative of the phosphorylation state of tau, and possibly reflect tangle burden in brain [START_REF] Tapiola | The level of cerebrospinal fluid tau correlates with neurofibrillary tangles in Alzheimer's disease[END_REF]. In fact, levels of p-tau231 in CSF have been shown to correlate with NFTs and hyperphosphorylated tau load in several neocortical areas, namely frontal, temporal, and parietal lobes [START_REF] Buerger | CSF phosphorylated tau protein correlates with neocortical neurofibrillary pathology in Alzheimer's disease[END_REF]; however, there are recent reports of no correlation between p-tau181 and neurofibrillary pathology [START_REF] Buerger | No correlation between CSF tau protein phosphorylated at threonine 181 with neocortical neurofibrillary pathology in Alzheimer's disease[END_REF][START_REF] Engelborghs | No association of CSF biomarkers with APOEepsilon4, plaque and tangle burden in definite Alzheimer's disease[END_REF]. Therefore, the role that CSF tau plays in the pathology of AD requires more attention. Nevertheless, increased CSF t-tau and p-tau have been shown to be reproducible markers in differentiating AD from controls, and have potential for differentiating AD from other dementia forms as well (see below).

Generally, CSF levels of total Aβ were not found to significantly differ between AD and control patients [START_REF] Van Gool | Concentrations of amyloid beta protein in cerebrospinal fluid of patients with Alzheimer's disease[END_REF][START_REF] Motter | Reduction of betaamyloid peptide42 in the cerebrospinal fluid of patients with Alzheimer's disease[END_REF][START_REF] Southwick | Assessment of amyloid beta protein in cerebrospinal fluid as an aid in the diagnosis of Alzheimer's disease[END_REF] [START_REF] Formichi | Cerebrospinal fluid tau, A beta, and phosphorylated tau protein for the diagnosis of Alzheimer's disease[END_REF].

Proteomic studies in CSF have revealed proteins that show expression/oxidation differences in AD patients versus controls. For example, fibrinogen gamma A-chain precursor was shown to be increased in both AD and MCI patients compared to age matched controls, and expression was dependent on the severity of dementia [START_REF] Lee | Fibrinogen gamma-A chain precursor in CSF: a candidate biomarker for Alzheimer's disease[END_REF].

Decreases in the concentrations of λ-chain, β-trace, and transthyretin, as well as an increase in the carbonylation status of λ-chain in the CSF of patients with probable AD have been reported [START_REF] Korolainen | Multiplexed proteomic analysis of oxidation and concentrations of cerebrospinal fluid proteins in Alzheimer disease[END_REF]. Although differences in these and other individual proteins have been exploited in CSF in AD [for review, see [START_REF] Davidsson | Proteome studies of CSF in AD patients[END_REF] Another investigation supported the diagnostic capability of these markers, reporting 90% sensitivity and specificity of predicting probable AD in MCI patients 18 months after the initial diagnosis [START_REF] Riemenschneider | Cerebrospinal fluid tau and beta-amyloid 42 proteins identify Alzheimer disease in subjects with mild cognitive impairment[END_REF]. However, because MCI patients convert to AD at a rate of about 15% per year [START_REF] Decarli | Mild cognitive impairment: prevalence, prognosis, aetiology, and treatment[END_REF], it is essential to investigate the diagnostic capabilities of these markers over a longer follow-up period [START_REF] Blennow | CSF biomarkers for mild cognitive impairment[END_REF]. A more recent investigation reported increased baseline concentrations of CSF t-tau (>350 ng/L) and lower Aβ42 (<530 ng/L) predicted which MCI patients would later (i.e., after 4-6 years) convert to AD with 95% sensitivity and 83% specificity [START_REF] Hansson | Association between CSF biomarkers and incipient Alzheimer's disease in patients with mild cognitive impairment: a follow-up study[END_REF]. t-tau levels combined with the Aβ42/p-tau181 ratio showed a slightly higher specificity for predicting MCI to AD conversions [START_REF] Hansson | Association between CSF biomarkers and incipient Alzheimer's disease in patients with mild cognitive impairment: a follow-up study[END_REF]. A study of similar sample size and follow-up time reports low Aβ42/40 ratios predict MCI to AD conversions [START_REF] Hansson | Prediction of Alzheimer's disease using the CSF Abeta42/Abeta40 ratio in patients with mild cognitive impairment[END_REF]; the Aβ42/40 ratio has been suggested to improve reliability of dementia-related diagnosis compared to raw concentrations of Aβ peptides [START_REF] Wiltfang | Amyloid beta peptide ratio 42/40 but not A beta 42 correlates with phospho-Tau in patients with low-and high-CSF A beta 40 load[END_REF]. Another report showed high CSF tau/Aβ42 ratios in control subjects corresponded to increased frequency of the known AD risk factor, the APOE4 allele, as well as increased risk for conversion from healthy to MCI after a 42-month follow-up period [START_REF] Li | CSF tau/Abeta42 ratio for increased risk of mild cognitive impairment: a follow-up study[END_REF]. Levels of p-tau and Aβ42 at baseline were also capable of predicting cognitive decline in healthy elderly adults, which may be indicative of early AD signs [START_REF] Stomrud | Cerebrospinal fluid biomarkers predict decline in subjective cognitive function over 3 years in healthy elderly[END_REF].

As mentioned previously, plasma Aβ levels increase as a function of age [START_REF] Fukumoto | Age but not diagnosis is the main predictor of plasma amyloid betaprotein levels[END_REF].

While total levels of plasma Aβ may seem rather insignificant diagnostically in AD, low plasma Aβ42/40 ratios have been associated with increased risk of developing MCI or AD [START_REF] Graff-Radford | Association of low plasma Abeta42/Abeta40 ratios with increased imminent risk for mild cognitive impairment and Alzheimer disease[END_REF]. A case-cohort study in 2006 found that high Aβ40 and low Aβ42 in plasma
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resulted in a greater than ten-fold increase in risk of dementia [START_REF] Van Oijen | Plasma Abeta(1-40) and Abeta(1-42) and the risk of dementia: a prospective case-cohort study[END_REF] Recently, Ray and colleagues proposed that, because the brain controls the release and regulation of signaling proteins in the periphery, AD pathology would have a disease-specific phenotype detectable in plasma [START_REF] Ray | Classification and prediction of clinical Alzheimer's diagnosis based on plasma signaling proteins[END_REF]. These researchers investigated the relative concentrations of 120 signaling proteins in plasma using sandwich ELISAs and report 18 proteins that were able to predict MCI to AD conversions, as well as distinguish between AD and cognitively normal patients with approximately 90% accuracy. Proteins involved in immune response, apoptosis, hematopoeisis, and neuronal support were identified as having characteristic concentration differences in plasma of subjects with AD and in subjects with MCI who later developed AD [START_REF] Ray | Classification and prediction of clinical Alzheimer's diagnosis based on plasma signaling proteins[END_REF]. It will be interesting to see in the future if these protein changes in plasma, possibly combined with predictive markers in CSF and brain imaging techniques, will provide accurate enough results to allow for a definitive clinical assessment of AD prior to onset of dementia.

Plasma/CSF Biomarkers for Differentiating Between Other Forms of Dementia

One of the main criteria physicians use to diagnose AD is an exclusion of other forms of dementia. Biomarkers capable of fulfilling this criterion would greatly aid in the management and, possibly, prevention of this disease. Unfortunately, some of the individual CSF biomarkers capable of differentiating AD from normal aging are not highly capable of differentiating AD from other forms of dementia. For instance, while CSF levels of Aβ42 have been reproducibly found to be decreased in AD patients relative to controls, a similar decrease has been reported in dementia with Lewy bodies (DLB) [START_REF] Andreasen | Evaluation of CSF-tau and CSF-Abeta42 as diagnostic markers for Alzheimer disease in clinical practice[END_REF][START_REF] Mollenhauer | Tau protein, Abeta42 and S-100B protein in cerebrospinal fluid of patients with dementia with Lewy bodies[END_REF], frontotemporal lobar dementia (FTLD) [START_REF] Kapaki | Diagnostic value of CSF biomarker profile in frontotemporal lobar degeneration[END_REF], and amyotrophic lateral sclerosis (ALS) [START_REF] Sjogren | Decreased CSF-beta-amyloid 42 in Alzheimer's disease and amyotrophic lateral sclerosis may reflect mismetabolism of beta-amyloid induced by disparate mechanisms[END_REF]. Similarly, increased levels of CSF t-tau are evident not only in AD but also in conditions with neuronal degeneration such as CJD [START_REF] Otto | Elevated levels of tau-protein in cerebrospinal fluid of patients with Creutzfeldt-Jakob disease[END_REF] and stroke [START_REF] Hesse | Cerebrospinal fluid markers for Alzheimer's disease evaluated after acute ischemic stroke[END_REF], although levels of t-tau are so markedly increased in CJD that they were able to differentiate CJD from AD patients [START_REF] Buerger | Dissociation between CSF total tau and tau protein phosphorylated at threonine 231 in Creutzfeldt-Jakob disease[END_REF]. On the other hand, p-tau in CSF has had some success as a discriminatory marker for AD. High CSF levels of p-tau181 have been shown to differentiate patients with AD from normal pressure hydroencephalus [START_REF] Kapaki | Cerebrospinal fluid tau, phospho-tau181 and beta-amyloid1-42 in idiopathic normal pressure hydrocephalus: a discrimination from Alzheimer's disease[END_REF] and DLB [START_REF] Vanderstichele | Analytical performance and clinical utility of the INNOTEST PHOSPHO-TAU181P assay for discrimination between Alzheimer's disease and dementia with Lewy bodies[END_REF].

CSF p-tau231 levels discriminated between frontotemporal dementia (FTD) and AD subjects with 88% sensitivity and 92% specificity [START_REF] Hampel | Measurement of phosphorylated tau epitopes in the differential diagnosis of Alzheimer disease: a comparative cerebrospinal fluid study[END_REF]. This marker was also capable of differentiating between AD and geriatric depression, conditions which are difficult to distinguish clinically due to overlapping symptoms [START_REF] Buerger | Differentiation of geriatric major depression from Alzheimer's disease with CSF tau protein phosphorylated at threonine 231[END_REF]. CSF P-tau231 was significantly higher in AD compared to FTD, DLB, VD, other neurological disorders, and controls, and discriminated AD from FTD with sensitivities and specificities greater than 90% [START_REF] Buerger | Differential diagnosis of Alzheimer disease with cerebrospinal fluid levels of tau protein phosphorylated at threonine 231[END_REF].

p-tau combined with Aβ in CSF has yielded some promising results for differentiation of AD from other neurological diseases as well. Studies have shown an increase in the CSF p-tau/Aβ42 ratio as a specific AD marker, including one that reported high degrees of differentiation from normal controls, patients with other dementias and patients with neurological disorders without dementia [START_REF] Maddalena | Biochemical diagnosis of Alzheimer disease by measuring the cerebrospinal fluid ratio of phosphorylated tau protein to beta-amyloid peptide42[END_REF]. This ratio was shown to distinguish AD subjects from FTLD, alcohol dementia, and patients with major depression [START_REF] Blasko | Measurement of thirteen biological markers in CSF of patients with Alzheimer's disease and other dementias[END_REF]. Consistently, a low CSF Aβ42/p-tau ratio differentiated AD subjects
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from controls and VD subjects with specificities and sensitivities greater than or equal to 85% [START_REF] Jong | Cerebrospinal fluid amyloid beta42/phosphorylated tau ratio discriminates between Alzheimer's disease and vascular dementia[END_REF], thus fulfilling the criteria for a reproducible biomarker; however, an attempt to validate the findings of this study reported low specificity using this ratio, which may limit differentiation between VD and AD [START_REF] Bastard | LOW specificity limits the use of the cerebrospinal fluid AB1-42/P-TAU181P ratio to discriminate alzheimer's disease from vascular dementia[END_REF].

Another group of candidate CSF markers that has received some attention for differentiation of AD from other dementia forms is that of neurofilament proteins. Three isoforms of neurofilament proteins exist, light, medium, and heavy chain, which together help form the axonal skeleton. Similar to CSF t-tau, high levels of CSF neurofilament proteins also are thought to indicate neuronal death/axonal degradation [START_REF] Petzold | Neurofilament phosphoforms: surrogate markers for axonal injury, degeneration and loss[END_REF][START_REF] Rosengren | Patients with amyotrophic lateral sclerosis and other neurodegenerative diseases have increased levels of neurofilament protein in CSF[END_REF].

Neurofilament protein levels in CSF have been shown to be increased in AD, but also in VD, FTD [START_REF] Rosengren | Neurofilament protein levels in CSF are increased in dementia[END_REF] and ALS [START_REF] Rosengren | Patients with amyotrophic lateral sclerosis and other neurodegenerative diseases have increased levels of neurofilament protein in CSF[END_REF]. De Jong et al. (2007) reported neurofilament protein levels were increased in FTLD compared with early AD (EAD), and when combined with p-tau181 and Aβ42 levels, increased diagnostic accuracy (i.e., sensitivity 86%, specificity 100%). Although somewhat promising, more insight is needed to assess the discriminatory capacity of neurofilament proteins in CSF.

No one protein/peptide biomarker or set of markers in plasma has yet had the success of differentiating AD from other neurodegenerative diseases in contrast to that in CSF. Increased plasma CD40, a member of the tumor necrosis factor receptor superfamily, and a concomitant decrease in TGF-β1 levels were found in AD patients, and this trend was not observed in PD or non-AD dementia patients [START_REF] Mocali | Increased plasma levels of soluble CD40, together with the decrease of TGF beta 1, as possible differential markers of Alzheimer disease[END_REF]. De Servi et al. AD and controls. Serum brain-derived neurotrophic factor (BDNF) was significantly higher in AD compared to VD and controls [START_REF] Yasutake | Serum BDNF, TNF-alpha and IL-1beta levels in dementia patients: comparison between Alzheimer's disease and vascular dementia[END_REF]. Levels of soluble receptor for advanced glycation end products (sRAGE) were significantly higher in plasma from AD patients compared to VD as well [START_REF] Emanuele | Circulating levels of soluble receptor for advanced glycation end products in Alzheimer disease and vascular dementia[END_REF]. However, more discriminatory studies are needed to validate which plasma markers are specific only for AD.

Therapeutic Effects on Plasma/CSF Biomarkers

The effects of AD and MCI therapeutics on plasma and CSF biomarkers, particularly Aβ, are thought to provide useful information for monitoring drug efficacy.

Aβ is central to the pathogenesis of AD, as this peptide associates into oligomers and causes structural and functional damage via oxidative stress mechanisms [START_REF] Butterfield | Roles of amyloid betapeptide-associated oxidative stress and brain protein modifications in the pathogenesis of Alzheimer's disease and mild cognitive impairment[END_REF]. Thus, many potential therapeutics are designed with the intention of reducing the Aβ load in AD brain. Because the brain is in contact with both CSF and plasma, changes in the Aβ content in brain may be reflected in one or both of these compartments following pharmacological administration.

i. Gamma Secretase Inhibitors

Aβ is produced by sequential cleavages of the amyloid precursor protein (APP) by two enzymes, beta-and gamma-secretase. Beta-secretase cleaves APP first at the N terminus, leaving a C terminal fragment (CTF) spanning the inner membrane of the lipid bilayer. γ-Secretase subsequently cleaves this CTF, releasing Aβ. Several therapeutics have been designed to reduce the Aβ load act by inhibiting γ-secretase. The first in vivo study of γ-secretase inhibitors reported decreased brain Aβ in APP transgenic mice 3 hours after oral administration [START_REF] Dovey | Functional gamma-secretase inhibitors reduce beta-amyloid peptide levels in brain[END_REF]. Despite showing potential as an AD therapeutic, the use of γ-secretase inhibitors is questionable due to safety issues, as inhibition of γsecretase may have adverse health effects related to Notch signaling [START_REF] Strooper | A presenilin-1-dependent gamma-secretase-like protease mediates release of Notch intracellular domain[END_REF]; however, some γ-secretase inhibitors are well tolerated by patients in clinical trials and have potential as treatment for AD.

A few studies have examined plasma and CSF levels of Aβ after administration of γ-secretase inhibitors. Administration of the γ-secretase inhibitor LY450139 resulted in a 40% decrease in human plasma Aβ40 [START_REF] Siemers | Safety, tolerability, and changes in amyloid beta concentrations after administration of a gamma-secretase inhibitor in volunteers[END_REF][START_REF] Siemers | Effects of a gamma-secretase inhibitor in a randomized study of patients with Alzheimer disease[END_REF]. Larger doses of this compound intensified this effect, with a maximum 72.6% reduction in Aβ40 using a 140 mg dose [START_REF] Siemers | Safety, tolerability, and effects on plasma and cerebrospinal fluid amyloid-beta after inhibition of gamma-secretase[END_REF] that lasted for 12 h before returning to baseline. Decreases in plasma, CSF, and brain Aβ40 have been observed in several rodent species after administration of various γ-secretase inhibitors [START_REF] Anderson | Reductions in beta-amyloid concentrations in vivo by the gamma-secretase inhibitors BMS-289948 and BMS-299897[END_REF][START_REF] Barten | Dynamics of {beta}-amyloid reductions in brain, cerebrospinal fluid, and plasma of {beta}-amyloid precursor protein transgenic mice treated with a {gamma}-secretase inhibitor[END_REF][START_REF] Best | In vivo characterization of Abeta(40) changes in brain and cerebrospinal fluid using the novel gammasecretase inhibitor N-[cis-4-[(4-chlorophenyl)sulfonyl]-4-(2,5difluorophenyl)cyclohexyl]-1,1, 1-trifluoromethanesulfonamide (MRK-560) in the rat[END_REF][START_REF] Best | Quantitative measurement of changes in amyloid-beta(40) in the rat brain and cerebrospinal fluid following treatment with the gamma-secretase inhibitor LY-411575 [N2-[(2S)-2-(3,5-difluorophenyl)-2-hydroxyethanoyl]-N1-[(7S)-5-methyl-6-ox o-6,7dihydro-5H-dibenzo[b,d]azepin-7-yl]-L-alaninamide[END_REF]. Whether the decreases in plasma Aβ40 after administration of a γ-secretase inhibitor is reflective of reduced neuronal Aβ is debatable.

Brain-derived Aβ is thought to infiltrate plasma via the actions of two transporters at the blood brain barrier (BBB), low-density lipoprotein-related protein 1 (LRP1) [START_REF] Shibata | Clearance of Alzheimer's amyloid-ss(1-40) peptide from brain by LDL receptor-related protein-1 at the blood-brain barrier[END_REF] and pglycoprotein [START_REF] Cirrito | P-glycoprotein deficiency at the blood-brain barrier increases amyloid-beta deposition in an Alzheimer disease mouse model[END_REF], as well as bulk flow from CSF/interstitial fluid to plasma (Figure 3).

Peripheral Aβ can also be transported into the brain via the receptor for advanced glycation end products (RAGE) [START_REF] Deane | RAGE mediates amyloid-beta peptide transport across the blood-brain barrier and accumulation in brain[END_REF]. While still controversial, recent studies have reported that plasma Aβ levels do not reflect brain Aβ levels [START_REF] Freeman | Plasma Abeta levels do not reflect brain Abeta levels[END_REF]. On the other hand, plasma Aβ levels have been reported to decline along with CSF Aβ levels which correlates with Aβ deposition in the brains of Tg2576 mice [START_REF] Kawarabayashi | Age-dependent changes in brain, CSF, and plasma amyloid (beta) protein in the Tg2576 transgenic mouse model of Alzheimer's disease[END_REF]. Other cells, such as platelets, also produce Aβ, and it would seem reasonable that γ-secretase inhibitors would affect this source as well. However, Grimwood et al. and Aβ42 in rat plasma, CSF, and brain extract in a dose-and time-dependent manner with an orally administered γ-secretase inhibitor. Therefore, it seems feasible that brain Aβ alterations resulting from γ-secretase inhibitors could be detected in plasma or CSF, though more investigation is necessary to decisively prove this point.

ii. Antibodies against Aβ

Another therapeutic strategy undergoing clinical trials for the treatment of AD is immunization against Aβ. Lower levels of anti-Aβ antibodies in AD patients versus controls led to the suggestion that immunoglobulin therapy could be a viable treatment option [START_REF] Weksler | Patients with Alzheimer disease have lower levels of serum anti-amyloid peptide antibodies than healthy elderly individuals[END_REF][START_REF] Dodel | Human antibodies against amyloid beta peptide: a potential treatment for Alzheimer's disease[END_REF]. Immunization can be active or passive; active immunity is the production of antibodies via stimulation by an antigen, while in passive immunity, preraised antibodies are directly administered to the subject. Active immunization studies reportedly improved cognition and decreased cerebral amyloid deposits in transgenic animals [START_REF] Janus | A beta peptide immunization reduces behavioural impairment and plaques in a model of Alzheimer's disease[END_REF][START_REF] Morgan | A beta peptide vaccination prevents memory loss in an animal model of Alzheimer's disease[END_REF][START_REF] Schenk | Immunization with amyloid-beta attenuates Alzheimer-disease-like pathology in the PDAPP mouse[END_REF], but clinical trials in humans were halted after the development of meningoencephalitis in a number of patients [START_REF] Gilman | Clinical effects of Abeta immunization (AN1792) in patients with AD in an interrupted trial[END_REF][START_REF] Orgogozo | Subacute meningoencephalitis in a subset of patients with AD after Abeta42 immunization[END_REF].

While lower levels of Aβ antibodies were observed in AD patients in some reports [START_REF] Weksler | Patients with Alzheimer disease have lower levels of serum anti-amyloid peptide antibodies than healthy elderly individuals[END_REF][START_REF] Jianping | Low avidity and level of serum anti-Abeta antibodies in Alzheimer disease[END_REF], other studies have contradictory results [START_REF] Mruthinti | Autoimmunity in Alzheimer's disease: increased levels of circulating IgGs binding Abeta and RAGE peptides[END_REF][START_REF] Gustaw | Antigen-antibody dissociation in Alzheimer disease: a novel approach to diagnosis[END_REF]. In plasma, a steady-state equilibrium dependent on antigen and antibody concentrations exists [START_REF] Gustaw | Antigen-antibody dissociation in Alzheimer disease: a novel approach to diagnosis[END_REF].

Based on this phenomenon and the numerous variable reports on plasma Aβ levels in AD, conflicting reports on the levels of antibodies against Aβ are not surprising. As with antibodies were observed in plasma of AD patients compared to controls, whereby the same analysis on non-dissociated samples revealed no significant differences [START_REF] Gustaw | Antigen-antibody dissociation in Alzheimer disease: a novel approach to diagnosis[END_REF].

Similar investigations in plasma and CSF using this methodology may further validate or refute immunotherapy as a treatment option for AD. Nevertheless, immunotherapy has been reported to have positive effects for AD patients and is briefly reviewed here.

A small-scale investigation into the levels of Aβ in CSF and plasma after passive Aβ immunization in mild AD patients revealed increases in plasma Aβ40 and Aβ42, decreases in CSF Aβ40 and 42, and a 2.5-point increase in mini mental state exam (MMSE) score after 6 months of therapy [START_REF] Relkin | 18-Month study of intravenous immunoglobulin for treatment of mild Alzheimer disease[END_REF]. Cessation of therapy resulted in CSF Aβ40 and Aβ42 increasing to pre-treatment baseline levels and a decrease in MMSE scores after 3 months, and a decrease in CSF Aβ was observed again when treatment was resumed after the three-month discontinuation. Dodel and colleagues (2004) reported increased total serum Aβ and decreased total CSF Aβ, as well as a slight general increase in MMSE scores as a result of passive immunoglobulin therapy in mild to moderate AD subjects. However, safety is also an issue with passive immunotherapy, as cerebral hemorrhaging has been reported with this treatment method [START_REF] Pfeifer | Cerebral hemorrhage after passive anti-Abeta immunotherapy[END_REF]. This side effect may be minimized by removal of the Fc portion of the antibody against Aβ [START_REF] Poduslo | In vivo targeting of antibody fragments to the nervous system for Alzheimer's disease immunotherapy and molecular imaging of amyloid plaques[END_REF].
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Nevertheless, if this treatment passes clinical trials, CSF levels of Aβ may be a potential biomarker to monitor intravenous immunoglobulin efficiency.

Urine-based Biomarkers for AD

Urine is another bodily fluid that has received attention for biomarker investigation. This medium is less invasive to the patient than plasma and CSF. While urine would be an ideal source for biomarkers, analysis of this fluid is difficult due to very low protein concentrations, high salt levels, and high overall variability [START_REF] Thongboonkerd | Practical points in urinary proteomics[END_REF]. Also, many of the proteins that are excreted into urine are of low molecular weight, thus rendering some proteomic strategies analytically inappropriate [START_REF] Thongboonkerd | Practical points in urinary proteomics[END_REF]. Some published proteomic studies on urinary biomarkers for AD have included non-protein species, such as isoprostanes [START_REF] Montine | F(2)-isoprostanes as biomarkers of late-onset Alzheimer's disease[END_REF]. Nevertheless, neural thread protein (NTP) levels have been reproducibly identified as an AD biomarker in urine, such that specific NTP assays to urine have been developed as a diagnostic tool [START_REF] Levy | Competitive ELISA studies of neural thread protein in urine in Alzheimer's disease[END_REF][START_REF] Ghanbari | Biochemical assay for AD7C-NTP in urine as an Alzheimer's disease marker[END_REF]. A simple biochemical assay called AlzheimAlert® from Nymox Pharmaceuticals measures levels of this protein in urine and has reported sensitivity and specificity levels of >80% and 90% for AD detection, respectively [149].

The NTP associated with AD, called AD7c-NTP, is substantially increased in AD CSF relative to controls, and levels of this protein in CSF seem to indicate the severity of dementia in early disease stages [START_REF] Monte | Characterization of the AD7C-NTP cDNA expression in Alzheimer's disease and measurement of a 41-kD protein in cerebrospinal fluid[END_REF][START_REF] De La Monte | The AD7c-ntp neuronal thread protein biomarker for detecting Alzheimer's disease[END_REF]. This protein is overexpressed at the gene level in brains of AD patients, accumulates in neurons with disease progression, colocalizes with senile plaques found in AD brain, and impairs mitochondrial function and causes apoptosis in vitro [START_REF] De La Monte | The AD7c-ntp neuronal thread protein biomarker for detecting Alzheimer's disease[END_REF]. AD7c-NTP is detected by ELISA, and is increased in urine of patients with early AD [START_REF] Ghanbari | Biochemical assay for AD7C-NTP in urine as an Alzheimer's disease marker[END_REF][START_REF] De La Monte | The AD7c-ntp neuronal thread protein biomarker for detecting Alzheimer's disease[END_REF]. The urinary concentration of this protein also
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increases with disease severity consistent with analysis of AD7c-NTP in CSF [START_REF] Ghanbari | Biochemical assay for AD7C-NTP in urine as an Alzheimer's disease marker[END_REF][START_REF] De La Monte | The AD7c-ntp neuronal thread protein biomarker for detecting Alzheimer's disease[END_REF].

While the discriminatory power of this protein in urine has yet to be established, levels in CSF in patients with MS, multi-infarct dementia, CJD, PD, diffuse LBD, and Pick's disease were similar to controls [START_REF] Monte | Characterization of the AD7C-NTP cDNA expression in Alzheimer's disease and measurement of a 41-kD protein in cerebrospinal fluid[END_REF][START_REF] De La Monte | The AD7c-ntp neuronal thread protein biomarker for detecting Alzheimer's disease[END_REF], which may be evident in urine but has yet to be reported. Effects on the levels of AD7c-NTP in urine after therapeutic intervention also remain to be investigated.

Potential Effects of Lifestyle on Biomarker Levels

It is feasible that certain lifestyle factors could inadvertedly affect biomarker levels, specifically diet, medication, and exercise. From a dietary standpoint, antioxidantrich diets would seemingly quench in vivo markers of oxidation in AD, namely isoprostanes as well as oxidized proteins serving as markers in either plasma or CSF.

Cholesterol effects on brain Aβ would presumably affect the brain-derived contribution of this peptide to CSF, and possibly plasma as well. CSF levels of Aβ42 were decreased in guinea pig after treatment with simvastatin [START_REF] Fassbender | Simvastatin strongly reduces levels of Alzheimer's disease betaamyloid peptides Abeta 42 and Abeta 40 in vitro and in vivo[END_REF]. However in patients without dementia, treatment with simvastatin and pravastatin for 14 weeks did not significantly alter CSF levels of either Aβ40 or 42 or t-tau [START_REF] Riekse | Effect of statins on Alzheimer's disease biomarkers in cerebrospinal fluid[END_REF]. Other studies also confirm steady Aβ and t-tau levels with statins [START_REF] Hoglund | The effect of simvastatin treatment on the amyloid precursor protein and brain cholesterol metabolism in patients with Alzheimer's disease[END_REF][START_REF] Carlsson | Effects of simvastatin on cerebrospinal fluid biomarkers and cognition in middle-aged adults at risk for Alzheimer's disease[END_REF], although some reports differ with respect to p-tau [START_REF] Riekse | Effect of statins on Alzheimer's disease biomarkers in cerebrospinal fluid[END_REF][START_REF] Hoglund | The effect of simvastatin treatment on the amyloid precursor protein and brain cholesterol metabolism in patients with Alzheimer's disease[END_REF]. NMDA receptor antagonists prevent against excitotoxicity, and therefore, cell implication of this decrease in CSF remains to be investigated. Meanwhile, cholinergic agents were the subject of a 2002 investigation that probed CSF levels of Aβ, t-tau, and p-tau and no significant differences in these biomarkers were observed in patients after treatment with donepezil, rivastigmine, or galantimine [START_REF] Parnetti | Cerebrospinal fluid levels of biomarkers and activity of acetylcholinesterase (AChE) and butyrylcholinesterase in AD patients before and after treatment with different AChE inhibitors[END_REF].

Physical activity is believed to play a preventative role in AD. Several groups have shown that increased physical (and intellectual) activity decreases risk of dementia [START_REF] Friedland | Patients with Alzheimer's disease have reduced activities in midlife compared with healthy control-group members[END_REF][START_REF] Laurin | Physical activity and risk of cognitive impairment and dementia in elderly persons[END_REF], although some studies do not support this idea [START_REF] Wilson | Participation in cognitively stimulating activities and risk of incident Alzheimer disease[END_REF]. Also, investigations using mouse models of AD have shown cognitive improvements and/or decreased brain Aß in mice exposed to exercise [START_REF] Adlard | Voluntary exercise decreases amyloid load in a transgenic model of Alzheimer's disease[END_REF][START_REF] Nichol | Three weeks of running wheel exposure improves cognitive performance in the aged Tg2576 mouse[END_REF][START_REF] Nichol | Exercise alters the immune profile in Tg2576 Alzheimer mice toward a response coincident with improved cognitive performance and decreased amyloid[END_REF][START_REF] Parachikova | Short-term exercise in aged Tg2576 mice alters neuroinflammation and improves cognition[END_REF]. It has been reported that environmental enrichment has cognitive, behavioral, and biochemical benefits [START_REF] Jankowsky | Environmental enrichment mitigates cognitive deficits in a mouse model of Alzheimer's disease[END_REF][START_REF] Berardi | Environmental enrichment delays the onset of memory deficits and reduces neuropathological hallmarks in a mouse model of Alzheimer-like neurodegeneration[END_REF]. Decreases in brain Aβ could have downstream consequences on the levels of this peptide in other bodily fluids, however the extent of this effect is not known at this time.

Conclusions

Biomarkers have many advantages for managing and predicting AD. As mentioned previously, it is estimated that pathology in AD begins roughly 20-30 years prior to diagnosis; early diagnosis would shift the dynamic of treatment from slowing neurodegeneration to potential prevention, so that the patient would be more likely to die of natural causes and perhaps other factors, rather than AD. Markers sought in plasma or urine would be advantageous due to the ease with which the sample is obtained; however, to date, it appears that more reproducible markers have been found in CSF. On the whole, specificities and sensitivities of diagnosis seem to increase using combinations of CSF biomarkers as opposed to absolute values of a single marker. Moreover, it is reasonable to believe that the outcome of these studies will result in combinations of plasma, CSF, and/or urine biomarkers that will serve diagnostic, staging, and therapeutic purposes in AD.
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( 2002 )

 2002 also observed decreased TGF-β1 in AD plasma compared to controls, although Rodriguez-Rodriguez et al. (2007) reported no difference in TGF-B1 in serum between

  (2005) report decreased plasma, CSF, and cortex Aβ40 in guinea pigs after γ-secretase inhibition by compound E. AA C C E P T E D M A N U S C R I P Tmarked decrease in plasma Aβ40 was seen also at lower doses of compound E, suggesting that one potential mechanism for cortical Aβ40 reduction may result in part from a primary reduction in plasma Aβ40[START_REF] Grimwood | Determination of guinea-pig cortical gamma-secretase activity ex vivo following the systemic administration of a gamma-secretase inhibitor[END_REF], which could lead to less being transported into brain. Also, El Mouedden et al. (2006) reported reductions of both Aβ40

A

  C C E P T E D M A N U S C R I P TAβ ELISAs, epitope masking by the antigen (Aβ in this case) may also contribute to the relative concentration variability of this molecule in plasma/sera of AD patients. In this regard, a recent report by[START_REF] Gustaw | Antigen-antibody dissociation in Alzheimer disease: a novel approach to diagnosis[END_REF] details a method of dissociating Aβantibody interactions for measurement of total titers in plasma or serum, therefore circumventing this potential pitfall. After dissociation, significant increases in Aβ

  death; while not yet proven, these agents may in fact lower t-tau CSF levels, proposed markers of neuronal death. If this were true, t-tau levels in CSF may be an indicator of in vivo efficacy of drugs such as memantine. However, Degerman Gunnarsson et al. (2007) found significantly reduced CSF p-tau with memantine treatment, whereas t-tau and Aβ were unaffected. Because the significance of p-tau levels in CSF is still debatable, the A C C E P T E D M A N U S C R I P T

  

  

  Aβ42 have also been found in dementias without senile plaques[START_REF] Otto | Decreased beta-amyloid1-42 in cerebrospinal fluid of patients with Creutzfeldt-Jakob disease[END_REF], and[START_REF] Engelborghs | No association of CSF biomarkers with APOEepsilon4, plaque and tangle burden in definite Alzheimer's disease[END_REF] showed no association between plaque burden and CSF Aβ42 levels in 50 autopsy-confirmed AD cases.

	Combinations of some CSF markers have also been successful at discriminating
	AD from control cases. One study reported abnormally high CSF p-tau/Aβ42 ratio has
	high sensitivity and specificity for differentiating AD from normal controls [i.e.,
	86%/97% sensitivity/specificity], and from subjects with other non-AD dementias [i.e.,

. As mentioned previously, Aβ42 levels in CSF are largely decreased in patients with AD

[START_REF] Sunderland | Decreased beta-amyloid1-42 and increased tau levels in cerebrospinal fluid of patients with Alzheimer disease[END_REF]

. It was hypothesized that a reduction in CSF Aβ42 is a consequence of deposition of this peptide into plaques found in AD brain, with less diffusing into CSF

[START_REF] Motter | Reduction of betaamyloid peptide42 in the cerebrospinal fluid of patients with Alzheimer's disease[END_REF]

.

Strozyk et al. (2003) 

reported that low levels of Aβ42 correlated with high neuritic plaque load in both neocortex and hippocampus. Reductions in CSF Aβ levels that correlate with Aβ deposition in the brain have also been observed in the Tg2576 mouse model of AD

[START_REF] Kawarabayashi | Age-dependent changes in brain, CSF, and plasma amyloid (beta) protein in the Tg2576 transgenic mouse model of Alzheimer's disease[END_REF]

. However, this issue is still controversial, as low levels of 80%/73% sensitivity/specificity]

[START_REF] Maddalena | Biochemical diagnosis of Alzheimer disease by measuring the cerebrospinal fluid ratio of phosphorylated tau protein to beta-amyloid peptide42[END_REF]

. Also, several studies have investigated the usefulness of the Aβ42/t-tau CSF ratio in AD, which has been found to discriminate AD from controls with high sensitivity but variable specificity

  ], greater attention has been given to tau and Aβ as potential biomarkers. However, Finehout et al.(2007) recently reported a panel of CSF proteins using 2D gel electrophoresis-based proteomics that distinguished between AD and non-AD with sensitivities and specificities of 94%; this panel consists of proteins involved in Aβ transport, inflammatory response, proteolytic inhibition, and in neuronal membrane, thus fulfilling criteria for a conclusive AD biomarker. A larger scale study will be needed to confirm the clinical usefulness of this panel in AD diagnosis.Increased levels of CSF p-tau and t-tau, as well as decreased Aβ42, have been reproducibly found to discriminate AD patients from controls. While similar trends are also present in MCI patients compared to controls[START_REF] Andreasen | Cerebrospinal fluid levels of total-tau, phospho-tau and A beta 42 predicts development of Alzheimer's disease in patients with mild cognitive impairment[END_REF], these individual differences have generally not been capable of predicting AD in longitudinal studies, although Ewers et al.(2007) report CSF p-tau231 as a good predictor of AD in MCI patients. On the other hand, combinations of biomarker levels (along with some others) have proven to be effective in increasing sensitivity and specificity of predictive AD diagnosis. A 1999 study by Andreasen revealed that high CSF concentrations of t-tau and/or low concentrations of Aβ42 identified 14 of 16 MCI subjects who later developed AD[START_REF] Andreasen | Cerebrospinal fluid tau and Abeta42 as predictors of development of Alzheimer's disease in patients with mild cognitive impairment[END_REF].

	Plasma/CSF Biomarkers for AD Prediction
	AD pathology probably occurs 20-30 years prior to clinical onset [67]. Patients
	diagnosed with amnestic MCI have a memory complaint despite no observable signs of
	dementia. A significant percentage of patients with memory complaints that do not meet
	clinical criteria of dementia are diagnosed as having MCI [68]. However, MCI diagnosis

does not imply AD is 100% imminent, as other forms of dementia, such as vascular dementia (VD), can be preceded by MCI

[START_REF] Petersen | Mild cognitive impairment as a diagnostic entity[END_REF]

. Also, some patients diagnosed with MCI revert back to a normal cognitive state. A set of biomarkers capable of predicting dementia prior to onset would have tremendous potential to improve the quality of life of patients, namely, earlier treatment administration that would serve to slow or possibly prevent dementia-related symptoms. Experimentally, studies designed to determine protein/peptide alterations for disease prediction and/or staging require long-term monitoring of subjects from a cognitively normal or slightly impaired state throughout the development of dementia.

  . Very recently however, Hansson et al. (2008) reported plasma Aβ levels did not predict MCI to AD conversions in two sets of cohorts, instead referring to CSF levels of Aβ 42 as a much better predictor of incipient AD.
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