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Introduction
More than forty million people are currently living with Alzheimer’s disease (AD), and
that number is expected to quadruple by 2050 (Ortiz, 2015). AD is a prevalent disease without a
cure and only mildly efficacious treatment. At this time, funding and research is focused on
several different aspects of AD (pathophysiology, diagnostic methods, pharmacological
treatment, non-pharmacological interventions, etcetera), with the notion that if a definitive cause
can be discovered, the rest of the puzzle that is Alzheimer’s disease, will be solved. Although
researchers have created a few well-supported theories about AD pathophysiology, still remains
the missing link between these all of these principles. It is well known that the brain of people
with living with Alzheimer’s disease is riddled with amyloid beta (A) protein plaques and tau
protein tangles, but the etiology of these findings is still an unknown. And, currently, the only
definitive diagnosis is made post mortem via brain tissue analysis for A plaques and tau protein
tangles. Through research, several factors have been suggested to be contributory in the
development of these protein accumulations, such as “age, female gender, low educational and
occupational attainment, prior head injury, sleep disorder (e.g., sleep apnea), estrogen
replacement therapy, and vascular risk factors…” (DeFina, 2013), but nothing has been
confirmed.
While some researchers are focused on the causes of AD, others are looking at the
pathophysiology of disease, and what each person with Alzheimer’s disease has in common. In
determining a consistency across this population, a definitive diagnosis of AD can be made. The
current gold standard of the diagnosis of Alzheimer’s disease is made through clinical
presentation—taking into the consideration the past medical history, family history, current
symptoms, physical exam, and cognitive function. Currently the diagnostic accuracy is “only
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approximately 70% even in most experienced medical centers,” (Yu, 2016). In addition to a
clinical diagnosis, clinicians are able to support their diagnosis with measurement of the tau and
A in the cerebrospinal fluid, visualizing the amyloid burden in the brain via positron emission
tomography (PET) scan, and assessing the level of brain atrophy as seen on a magnetic
resonance image (MRI) (Yu, 2016). Cognitive function can be assessed via the standardized
Mini-Mental State Exam (Figure A). This, however, can produce subjective results according to
a patient’s baseline educational status, the person proctoring the exam, and the patient’s overall
well-being that day.
Clinical diagnosis is further supported by the presence of amyloid  (A), total tau (ttau), and phosphorylated tau (p-tau) in the cerebrospinal fluid (Leung, 2015). These biomarker
proteins have become an accepted tool by which other biomarkers are measured due to their
proven consistency in the presentation of patients with clinically diagnosed Alzheimer’s disease.
One weakness with cerebrospinal fluid (CSF) A is that it has been shown to have “low
correlation with cognitive symptoms,” (Leung). Another is that t-tau does not “track cognitive
changes closely [enough]” (Leung) for effective monitoring. Herein lies the need for other
biomarkers that can definitively diagnose AD with great specificity, and allow clinicians to
monitor changes with treatment. If biomarkers from CSF could be shown to have distinct
specificity and accurate sensitivity to the diagnosis of AD, the ability to diagnose the disease
would allow for: (a.) More accurately selected cohorts for testing potential AD treatment options,
(b.) Determination if treatment needs to be initiated, or (c.) For effective monitoring of the
progress of patients being treated (Leung). Aside from the clinical aspect, there is a mental peace
in having a diagnosis for a collection of symptoms so that non-pharmacological treatment and
arrangements can be created or implemented to better the lifestyle of someone living with AD.
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Aside from biomarkers in the CSF, biomarkers from blood plasma can also be measured
and utilized. Researchers have also been able to narrow the genome to multiple genes shown to
somehow correlate to AD or affect pathology related to AD. Another option is focusing on the
degenerative changes seen in the brain of patients with Alzheimer’s disease. Through magnetic
resonance imaging (MRI), the gray and white matter can be studied and quantitatively measured.
However, while MRI is relatively cost-effective (compared to other imaging modalities utilized
in neuroimaging), has low radiation exposure, and is widely available, the sensitivity of imaging
typical-sized plaques is limited as the resolution is significantly more poor than other imaging
options (Tong, 2015). Other modalities include using radio-labeled positron emission
tomography (PET) and single photon emission computed tomography (SPECT) probes, however,
these methods are expensive, have limited availability, and cause increased exposure to
radiation. An option that warrants further research is the use of near-infrared (NIR) probe
fluorescence, as it is nonradioactive, rather inexpensive, and widely available (Tong).
No matter what the method may be, diagnosing Alzheimer’s disease is imperative to the
ability of researchers to find a cure, or at least better treatment options, for those patients living
with AD. Although there are a variety of approaches, finding an appropriate technique that is not
only cost-effective, non-invasive, and widely available, but also accurate and specific to AD, is
proving to be a significant challenge. However, with all the work that researchers are currently
conducting, the expectation that one of these avenues is the one that will lead to a definitive
diagnosis, is not out of the realm of possibility.
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Literature Review
Mini-Mental Status Exam for the detection of dementia. This is one of the first, if not the
first, screening tool for dementia in symptomatic patients. Could this screening tool be integrated
into the annual physical exam as a way to catch AD early or earlier? Because older patients are
more likely ignore signs of AD and blame them on their age, perhaps making the MMSE a
routine part of their physical will highlight pathologic problems, leading to an earlier diagnosis.
Cerebral spinal fluid biomarkers. Examples include: neurogranin, YKL-40, amyloid beta, total
tau and phosphorylated tau, and TREM2. Levels of these proteins have been shown to correlate
with the clinical presentation of patients with AD.
Biomarkers in DNA detected from blood samples. Examples include methylation in the
NCAPH2/LMF2 promoter region and methylation in APOE genotype. Measuring levels of
VEGF and soluble CD40L levels in the serum have been suggestive diagnostic measures for AD.
Specific genes have been linked to AD. Apolipoprotein E (APOE) 4 gene allele has been
proven to correlate with an increased risk of AD. Currently researchers are still searching for a
gene that can be definitely shown to either cause Alzheimer’s disease or provide a definitive
diagnosis. The gene coding for TREM2 has been correlated with possible increased risk of AD.
Using biomarkers to visualize neuronal changes due to AD. Near-infrared fluorescent probes
for imaging amyloid plaques have been developed—discuss pros and cons (cost, availability,
safety, etc.) of this method of imaging.
Using magnetic resonance imaging (MRI) or positron emission tomography (PET) scans to
diagnose patients with AD. MRI can be used to compare the hippocampal texture in “healthy”
patients versus those with AD. PET scans with radiotracers and fluorescence indicators have
been most recently discussed as effective diagnostic methods for AD.

5
Discussion
Cerebrospinal Fluid Biomarkers
Cerebrospinal fluid (CSF) is obtained via a relatively cost-effective and non-invasive
method, allowing for somewhat easy sampling that can be collected at nearly any institution.
Over the past two decades, researchers have been attempting to narrow certain proteins as
markers correlating with Alzheimer’s disease (AD) to aid in defining a definite diagnosis in the
disease. Currently there are three major proteins detectable in CSF used to support a clinical
diagnosis of AD: increased total tau (T-tau) and phospha-tau (P-tau), and decreased levels of 42
amino acid-long, aggregation-prone A protein (A42) in the CSF—these proteins are called the
“core AD biomarkers” (Heslegrave, 2016). Newer protein markers that have been reflective of
AD symptoms (cognitive decline and memory impairment) are compared to these “core
biomarkers” to measure their efficacy (Heslegrave). One example of this method is through the
testing of neurogranin and YKL-40.
Neurogranin1 is a marker of synaptic degeneration, and YKL-402 is a marker of
neuroinflammation (Janelidze, 2015). Both of these pathologic processes are thought to be
contributory to the symptoms seen in Alzheimer’s disease. In a study conducted by Shorena
Janelidze et al., 388 individuals with a variety of severity of neurological diseases34, as well as
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Neurogranin is a “calmodulin-binding postsynaptic protein regulating synaptic plasticity and
learning.” (Janelidze, 2015).
2
YKL-40 (chitinase-3 like-1, cartilage glycoprotein-39) is a “potential marker of ongoing
inflammations in a variety of human diseases” (Janelidze, 2015).
3
Neurological diseases included “patients with stable mild cognitive impairment (sMCI), MCI(
who later developed AD (MCI-AD), AD dementia, Parkinson’s dementia (PDD), dementia with
Lewy Bodies (DLB), vascular dementia (VaD), and frontotemporal dementia (FTD),” (Janelidze,
2015).
4
All patients were clinically diagnosed with dementia according to the “DSM-IIIR criteria for
dementia, combined with with NINCDS-ADRDA criteria for AD, the NINDS-AIREN criteria
for VaD, [and] criteria for probable DLB,” (Janelidze, 2015)
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“cognitively healthy controls” were compared, via a CSF sample, to measure the level of
neurogranin and YKL-40 in their CSF—these values were then cross-compared to the core AD
biomarkers. Levels of CSF neurogranin were measured using an “in-house sandwich enzymelinked immunosorbent (ELISA) assay,” YKL-40 levels were measured via commercially
available ELISA kit, and the core AD biomarkers were analyzed using Euroimmun
immunoassay (EUROIMMUN AG) (Janelidze). The results were compared across the different
diagnosed dementia types (Figure B).
Additional studies have shown that levels of neurogranin are reduced in the brain but
elevated in the CSF in AD patients; concurrently, YKL-40 levels are elevated in the CSF of AD
patients (Janelidze, 2015). However, YKL-40 levels have not been proven to have the ability to
diagnose patients with AD as levels also appear to be elevated in clinically normal patients as
they progress in age, in addition to those with preclinical AD, vascular dementia, and
frontotemporal dementia (Janelidze). Ultimately, researchers concluded that the “diagnostic
accuracy of the A42/YKL-40 was not improved compared with the A42/ A40 and A42/tau
ratios when differentiating patients with AD dementia from those with non-AD dementias,”
(Janelidze). These biomarkers correlate with the core AD biomarkers’ levels, but do not
distinguish between the different forms of dementia better than these other proteins.
According to Janelidze et al. (2015), the ratios of CSF A42 to A40 or tau have “a
greater diagnostic accuracy in AD and show improved concordance with amyloid positron
emission tomography (PET) imaging.” Because neither the ratios A42/neurogranin nor the
A42/YKL-40 were more accurate than the previously discovered ratios in differentiating the
various dementia types, these proteins “do not provide any added clinical diagnostic value to
already existing AD biomarkers during prodromal and dementia stages” (Janelidze).
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The purpose of this study was to find biomarkers that could distinguish between the
various types of dementia accurately, as well as, aid in making that diagnosis earlier in the
disease process (Janelidze, 2015). These two goals are imperative in helping clinical trials of
potential treatments accurately test the efficacy of the proposed medications, as well as reduce
the costs and failure rates of the clinical trials. If the patients are misdiagnosed with AD, or if AD
is diagnosed too late into the progression of the disease, medications are going to have a limited
ability in actually altering or treating the symptoms, and therefore will not accurately assess the
drug as a potential care options for Alzheimer’s patients. Additionally, if biomarkers for AD
could be distinguished, they could potentially aid in monitoring the progression of the disease.
One component of the pathogenesis of Alzheimer’s disease is an inflammatory reaction
that advances the progression of the damage to the brain. Researchers Heslegrave et al. (21016)
have located a gene that, when mutated, codes for a protein likely involved in that inflammatory
response: TREM2. A heterozygous mutation in the in TREM2 gene has “been identified as [a]
risk factor for Alzheimer’s disease (AD), Parkinson’s disease (PD), amyotrophic lateral sclerosis
(ALS) and FTD,” (Heslegrave). The resulting protein, TREM2, can be measured in an affected
patient’s CSF (Heslegrave). TREM2 is a receptor glycoprotein expressed on myeloid cells that is
part of the immunoglobulin “superfamily,” (Heslegrave). It has been shown to promote
phagocytosis, suppress inflammatory cytokine production and enhance anti-inflammatory
cytokine transcription in in vitro (Heslegrave). Because of this protein’s role in the inflammatory
process, a mutation that affects the functionality of the protein, could result in uncontrolled
inflammation (Heslegrave). As TREM2 also has probable phagocytic properties of amyloid 
(A), dysfunction could result in abnormal accumulation of these proteins—as seen in A
plaques in Alzheimer’s disease patients.
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For this study, Heslegrave et al. (2016) collected a cohort consisting of 37 patients
clinically diagnosed with AD (which was supported with a positive AD biomarker profile of tau
and A pathology), as well as 22 control individuals “who were cognitively normal and had a
negative CSF AD biomarker profile.” What the researchers found was that the patients diagnosed
with AD had significantly higher concentrations of CSF sTREM2 than those the control patients,
and these levels correlated with the patients P-tau and T-tau, as well as YKL-40, but not A or
MMSE scores (Heslegrave). In regards to APOE 4, CSF sTREM2 concentrations were similar
in those diagnosed AD patients with and without the gene (Heslegrave).
These results (Figure C) suggest that TREM2 could be involved in the pathogenesis of
AD, but the exact mechanism is still unknown (Heslegrave, 2016). The CSF concentrations are
consistent in patients living with Alzheimer’s disease, despite the status of APOE 4 gene, which
makes the testing more sensitive for AD. However, Heslegrave et al. noted that because the
levels of sTREM2 were elevated in patients with other neurodegenerative diseases, the
specificity to AD could not be determined. Because the CSF levels of sTREM2 positively
correlated to YKL-405, as well as more mildly positively correlated to CCL2, the conclusion that
sTREM2 is involved in microglial activation is further supported (Heslegrave). Because the CSF
A levels show no relation to the CSF sTREM2 levels, and sTREM2 is involved in the
inflammatory pathology associated with AD, it is suggested that A plaque deposition occurs
“independent[ly] of inflammatory processes” and the pathogenesis resulting from these plaques
might affect a different cascade of neurodegeneration (Heslegrave). Further testing is necessary
to determine the usefulness of this biomarker—while it may not be helpful in diagnosing AD,
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YKL-40 and CCL2 are CSF biomarkers that have been shown to correlate with clinically
diagnosed AD, although they are not specific to AD, alone (Janelidze, 2015)

9
CSF levels of sTREM could potentially allow for monitoring of the therapeutic interventions for
future treatment options (Heslegrave).
Blood-based Biomarkers
When creating a biomarker, several factors must be evaluated to determine if it is going
to function efficaciously. With blood-based biomarkers, such as VEGF and soluble CD40L, the
benefits have proven this method to be worthy of much research. Not only are blood-based
biomarkers non-invasive, relatively inexpensive, and time-effective, but they have also been
shown great specificity and sensitivity to Alzheimer’s disease (Yu, 2016).
Through the blood plasma, proteins are isolated and quantified, then compared to clinical
diagnosis to determine the validity of the measurement (Yu, 2016). Shu Yu et al. conducted such
an experiment, in which they measured the vascular endothelial growth factor (VEGF) and
soluble CD40 ligand (sCD40L) levels in the blood serum of 90 patients (50 diagnosed with AD,
40 controls). Soluble CD40L and CD40 ligand interact with CD40 “resulting in proinflammatory and prothrombotic responses,” as well as “produce many angiogenesis-associated
factors, such as [VEGF],” (Yu). According to Yu et al., it has also been suggested that CD40 can
induce A production. In addition to its involvement in angiogenesis, VEGF as promotes
vascular remodeling and endothelial blood-brain barrier maintenance. Recent studies have also
shown that VEGF could potentially be an important component n the neurogenesis of the adult
hippocampus6 (Yu).
The data from the study suggested that these biomarkers could be valuable diagnostic
biomarkers for AD either alone or when used in combination with a multiple-marker panel. The

6

The hippocampus is the area of the brain that is important for learning and memory. It is a
portion of the brain often examined in diagnostic imaging studies when looking at the brains of
potential or diagnosed AD patients (Sorensen, 2016).
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results, shown in detail in Figure D, indicate correlation between the VEGF and sCD40L levels
and AD versus control patients. Additionally, the Log10-transformed CD40 ligand (Lg(sCD40L))
and Log10-transformed VEGF (Lg(VEGF)) were significantly increased in AD cases, and
showed “significant and moderately strong positive correlation,” (Yu, 2016). These values
proved both great specificity and sensitivity (see Figure E) in regards to the diagnosis of AD
(Yu). At this time, there is “no single blood-based biomarker that achieves sensitivity or
specificity above 80%,” (Yu).
The mechanism by which these proteins are linked to AD is not entirely clear, however
there are several hypotheses related to angiogenesis and increased inflammation to areas with
increased blood flow (Yu, 2016). Since one suggested pathogenesis of AD is due to
inflammation of the brain tissue, an increase in the mode by which inflammatory cells reach
various tissues, could suggest a possible correlation between the problem and the cause. In
addition to a lack of a definitive route through pathophysiology, these proteins have also been
shown to be elevated in other common pathologic diseases such as, myeloproliferative
neoplasms, certain solid tumors, stroke, mild cognitive impairment (MCI), vascular dementia,
and other neurodegenerative processes. Because of these findings, other causes for elevated
sCD40L and VEGF must be ruled out before the levels can aid in the diagnosis of AD.
Despite the weaknesses in this study, measuring the serum values of CD40L and VEGF
have still been probable add-on biomarkers in supporting a diagnosis of AD, and could
potentially aid in early diagnosis in these patients.
Gene-Specific Biomarkers
In a study conducted by Kobayashi et al. (2016), another form of biomarkers were
examined in an attempt to find a way to definitively diagnose, and diagnose earlier in the disease
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progression, Alzheimer’s disease. As APOE4 genotype is regarded as an indicator for increased
risk of developing AD, it was used in this study as a reference by which the new biomarker was
compared (Kobayashi). Data from previous reports have shown a correlation between AD and
DNA methylation levels in the brain of patients living with the disease (Kobayashi). Previously,
Kobayashi et al. had discovered a location of increased methylation relating to symptoms of
dementia, but were unable to distinguish between AD and amnesic mild cognitive impairment
(aMCI)—locating a specific region of DNA that, when methylated, results in Alzheimer’s
disease, was the goal of this study.
A cohort of 30 patients with AD and 28 patients with aMCI were enrolled in the study,
having been previously diagnosed via the U. S. National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) criteria (Kobayashi, 2016). Patients were also assessed for AD
and aMCI using the mini-mental state exam (MMSE) and frontal assessment battery (FAB) both
of which reflect cognitive impairment (Kobayashi). With these clinical diagnostic measures,
more quantitative diagnostic tools could be utilized and compared for consistency and efficacy.
From the data collected from the DNA methylation sequencing (Figure F), multiple genes
were identified as correlating with MMSE and FAB scores—having P values <0.05 (Kobayashi,
2016). Among these genes, Kobayashi et al. focused on NCAPH2/LMF2, as it had the lowest P
values—consequently, pyrosequencing was conducted to specifically look at the decreased
methylation levels at this gene. The results showed a difference in the methylation levels of
NCAPH2/LMF2 between the normal controls and AD or aMCI, however, the difference in levels
between the two neurological diseases was “smaller than between [the controls] and aMCI or
AD” suggesting that these two diseases are similar (Kobayashi).

12
One limitation to this study is the ability to distinguish between aMCI and AD. Because
patients with either disease have methylation at NCAPH2/LMF2 and the level of methylation is
similar, discriminating between the two proves to be both difficult, and non-distinct (Kobayashi,
2016). Additionally, aMCI does not necessary progress to AD, so if a patient was tested for
methylation at NCAPH2/LMF2, a diagnosis could not be defined, and if aMCI was suspected, it
may or may not progress to AD—this information is not helpful in diagnosing, treating, or
monitoring the disease (Kobayashi).
The theory regarding NCAPH2/LMF2 and the results of increased methylation at this
locus require a lot of additional testing, increased sample size, and further information
concerning the association between methylation and the clinical presentation of AD. Questions
remain after the study: Does the methylation level at NCAPH2/LMF2 reflect degeneration of the
brain or is this gene one of the causes that results in cognitive dysfunction seen in AD patients
clinically? Does this decreased methylation contribute to the accumulation of amyloid beta
plaques or tau tangles? Will the methylation levels change with any sort of treatment? And, if so,
would the changing methylation levels result in improved clinical presentations?
The idea behind discovering a gene that causes a resultant disease is, obviously, not a
new concept, but when the cause of the disease is still uncertain, locating a gene that corresponds
to a clinical presentation has proven even more difficult. Kobayashi et al. (2016) utilized the
information that has been proven to be correlated to AD (APOE allele 4, amyloid beta, and tau;
MMSE and FAB assessments; NINCDS-ADRDA criteria) and attempted to correlate data from
DNA, which made suggestions for possible biomarkers, but also left a lot of questions
unanswered.
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Positron Emission Tomography Tracers
Positron emission tomography (PET) scans have been utilized in the diagnosis of AD by
creating various radiotracers targeting known potentially-pathologic proteins in the brain, and
determining the presence or extent of the disease. While the magnetic resonance imaging (MRI)
imaging modality creates superior “spatial resolution” (Shimojo, 2015), PET scans provide the
“greatest in the quantification of the kinetics of neuronal receptor molecules,” (Shimojo). There
is a proposed model, Braak’s model, which uses the post mortem pathology samples obtained
from patients diagnosed with AD, to categorize the severity of the disease based on quantifiable
senile plaques (SPs) and neurofibrillary tangles (NFTs) (Shimojo). Using this model, if SPs and
NFTs could be visualized in vivo via PET scan, with the use of radiotracers, a diagnosis of AD
could be made, staged, and monitored.
In this study, Shimojo et al. (2015) focused their research for PET radiotracers on those
targeting A and tau proteins as these are the proteins measured in post partum brain tissue
sampling, and will determine a diagnosis of AD, and the stage at which the disease has
progressed (Figure G). Three radiotracers have already been identified and approved by the FDA
for diagnostic application in the clinical setting: [18F]3’-FPiB, [18F]AV-1, and [18F]AV-45
(Shimojo). These tracers are specific to A/SPs detection, but have shown difficulty in
differentiating between retention level in the white matter of the brain, and consequently require
further work in creating a more distinguishable radiotracer. Although there are not currently any
FDA approved tau radiotracers, several studies have been shown to be “promising” results, and
warrant further testing (Shimojo).
In addition to A and tau proteins, other “disease-associated pathologies such as
aberration of energy metabolism, glial inflammation, dysfunction of calcium homeostasis, and
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imbalanced neuronal activity can also be targeted as potential biomarkers of AD progression,”
(Shimojo, 2015). Several of these targets have been previously discussed as biomarkers in other
modalities—such as proteins in CSF (Heslegrave, 2016). The difficulty in using these
biomarkers is distinguishing between the various targets with the specific radiotracers, as well as
the lack of definitive information surrounding the effect of, for example, neuroinflammation on
the progression or clinical presentation of AD.
While the idea of utilizing PET scans in the diagnosis, treatment, and monitoring of AD
seems logical, the struggle remains to find a radiotracer that is distinct for AD. Additionally,
setting up a facility capable of running PET scans is costly and requires specialized equipment,
as well as special precautions due to the use of radiation (Shimojo, 2016). The images are helpful
in supporting a diagnosis of AD, but additional diagnostic modalities to complement the PET
scans further enhance the support given to the clinical diagnosis—support that a PET scan alone
cannot uphold (Shimojo).
Employment of PET scans for AD diagnosis in vivo is a research field that has
accomplished much so far, and appears to have much opportunity for utilization in the future
(Shimojo, 2016). There is room, however, for improvement, as far as creating radiotracers more
specific to known AD biomarkers, A and tau (Shimojo). Even further, would be distinguishing
tracers specific to toxic tau species versus those that are neuroprotective—allowing for earlier
diagnosis of AD (Shimojo).
In a study conducted by Jena et al. (2015), PET scans were combined with MRI imaging
to create a more comprehensive image of a brain affected by AD. With MRI imaging, the
neuronal loss can be quantitatively measured (Jena). Additionally, the PET scan can be
conducted with A radiotracers, highlighting accumulations of amyloid deposits (Jena). With
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these two modalities, and a clinical diagnosis, a “higher diagnostic accuracy” is achieved than
with a single method (Jena). Other studies have suggested that due to the ability of the MRI to
detect brain degeneration, it can be used to diagnose preclinical or mild AD (Jena).
Measurements of brain atrophy are limited by the fact that neuronal loss can occur naturally with
age regardless of the presence of AD—so it is not necessarily specific to the disease, and is
therefore not definitively diagnostic.
Near-infrared Fluorescence Imaging Probes
Tong et al. studied molecular probes utilized in the diagnosis of Alzheimer’s disease by
targeting A plaques both in vivo and in vitro. Ideally these probes could be used to diagnose and
monitor the progression of the disease while remaining minimally invasive, cost effective, and
readily available (Tong, 2014). While other imaging modalities have a place in the study of AD,
none of them can definitively diagnose AD, and can “only support other diagnostic criteria,”
(Tong). Additionally, near-infrared fluorescence (NIRF) imaging is comparatively inexpensive,
nonradioactive, offers real-time imaging, is widely available, and the images offer high
resolution (depending on the technique used), making NIRF an “attractive alternative” to MRI,
PET or SPECT imaging (Tong).
While many probes for NIRF imaging are commercially available, some have shown
difficulty in crossing the blood-brain barrier (BBB) due to their large molecular size, and
consequently have no application in the diagnosis of AD (Tong, 2014). According to Tong et al.,
there are several criteria that must be met in order for the probes to work in NIRF imaging:
1. Suitable wavelength of excitation and emission – 600-900 nm
2. High BBB permeability – logP values 2-3.5
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3. High affinity for specific labeling of the A plaques in the brain and low affinity for
other proteins
4. Rapid clearance of unbound dye from the brain
5. Significant changes in the probe fluorescence properties upon binding to A plaques
[so that these changes can be detected]
6. Molecular weight less than 600 Daltons
Because of all of these requirements, far fewer NIRF probes have been created successfully than
PET/SPECT probes (Tong).
In this study, Tong et al. (2014) discussed six different kinds of NIRF probes that target
A in vivo: NIAD-4, AOI-987, curcumin derivatives, BODIPY based probes, THK-265, and
DANIR 2c. For one reason, or another, most of the probes missed one of the criteria, limiting
their ability to serve as a diagnostic tool for AD (Tong, 2014). However, the curcumin
derivatives were able to reach the targeted proteins, bind and show high affinity specifically for
A proteins, and show significant enough changes when bound to be detected (Tong). Tong et al
also compared the curcumin probes to well-known A PET probe, PIB, which further supported
these findings. THK-265 also showed great specificity and detection of A aggregation,
suggesting its use in the monitoring and “evaluating different cerebral A aggregation levels in
different stage of AD progression…” (Tong).
Due to the distinct specifications required to make NIRF probes viable for diagnostic
tools in AD, there are a limited number currently available, however, this is a field that merits
further research. There are several qualities that make NIRF imaging superior to other imaging
modalities, but these modalities do not require such strict specifications to function as
biomarkers for AD. Fu et al. (2015), conducted a similar experiment but focused on the probe
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DANIR 8c. By slightly altering the probe, it was shown to “efficiently distinguish between [mice
diagnosed with AD] and normal controls” suggesting that it is a viable probe for in vivo detection
of A plaques (Fu). Now that several probes have been found to marginally meet the criteria
required for an efficacious biomarker, minor alterations allowing them to work more proficiently
are in the future for NIRF imaging.
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Conclusion
A method for creating a definitive diagnosis of Alzheimer’s disease in vivo has not been
discovered yet, but researchers are getting closer to achieving that goal. While practitioners can
make a clinical diagnosis of AD, a quantitative analysis of the progression of the disease and a
method by which AD can be distinguished from other neurological diseases is still unavailable.
Currently amyloid beta and tau can be measured in cerebrospinal fluid, traced on a PET scan,
and detected via SPECT probes in vivo, but the results are not distinct to AD. It is unknown at
this point what the specific protein or diagnostic tool will be—CSF biomarkers, plasma
biomarkers, gene-specific biomarkers, or an imaging modality, that allow the disease to be
measured, monitored, and diagnosed.
Once that point in AD research is reached, and clinicians are able to definitively diagnose
his or her patients with Alzheimer’s disease, a cascade of information, treatment options, and
avenues for research will open—and the world of AD will be rapidly changed. At this very
moment, people across the world are searching for that one protein, that one gene, that one
molecule, that will bring peace to millions living with this “family disease” (DeFina, 2013).
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Figures
Figure A: Mini-Mental State Exam (Folstein, 1975)

http://www.dementiatoday.com/wp-content/uploads/2012/06/MiniMentalStateExamination.pdf
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Figure B: Demographic data, clinical characteristics and CSF levels of neurogranin, and YKL40 (Janelidze, 2015)

Figure C: Characteristics of AD patients and controls (Heslegrave, 2016)
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Figure D: Blood-Based Biomarker Results from Yu et al.
Subjects with AD

Control subjects

Concentration of VEGF

93.15 pg/ml

35.04 pg/ml

Concentration of sCD40L

9222.00 pg/ml

1854.00 pg/ml

Serum Lg(CD40L)

3.910.53

2.821.01

Serum Lg(VEGF)

1.950.50

1.101.06

Figure E: Diagnostic accuracy of Lg(VEGF), Lg(sCD40L) and a combination of the two
biomarkers to distinguish the AD cases from control participants. (Yu, 2016)
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Figure F: Spearman’s Rank Correlations between Methylation Levels and MMSE, or FAB
Scores (Kobayashi, 2016)
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Figure G: Reference list for A and Tau PET radiotracers (Shimojo, 2015)
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Appendix of Terms and Abbreviations
Alzheimer’s disease (AD)
Amyloid Beta (A)
Amyotrophic Lateral Sclerosis (ALS)
Apolipoprotein E (APOE): Gene associated with the development of symptoms of AD. Different
alleles have been shown to correlate to different presentations of AD.


APOE 2 – rare allele that has been suggested to delay the onset of AD to later-inlife; thought to be a protectant against AD



APOE 3 – neutral risk associated with AD—neither seems to slow or advance
the progression of the disease



APOE 4 – associated with increased risk of AD and earlier onset of the
symptoms. Patients can have 0, 1, or 2 APOE 4 alleles, and the more alleles
present, the more increased the risk of developing the disease

Blood-Brain Barrier (BBB)
Cerebrospinal Fluid (CSF)
Frontotemporal Degeneration (FTD)
Magnetic Resonance Imaging (MRI)
Mild Cognitive Impairment (MCI)
Mini Mental State Exam (MMSE)
Neurofibrillary Tangles (NFTs)
Near-Infrared Fluorescence (NIRF)
Parkinson’s disease (PD)
Positron Emission Tomography (PET)
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Single Photon Emission Computed Tomography (SPECT)
Vascular Endothelial Growth Factor (VEGF)
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Abstract
Alzheimer’s disease (AD) is an incurable, poorly treatable disease that currently afflicts
approximately 5 million people America. Presently AD is only definitively diagnosed after postmortem examination of the brain for the presence of characteristic histopathological features,
predominant amongst which are amyloid beta (A) protein-containing plaques and
neurofibrillary tangles (NFTs) containing hyperphosphorylated protein tau. Nonetheless, there is
a pressing need to diagnose the presence, and quantify severity of AD in the living patient in
order to support family planning; assign patients to experimental drug trials early enough that an
effect might be seen; and to allow clinicians and researchers to follow patient response to
experimental treatments. To achieve these needs, new biomarkers are being identified and tested
for their applicability in the clinical monitoring of AD. A biomarker is any measurable substance
in an organism that reliably correlates with disease status and severity. Current biomarkers can
support a prior achieved diagnosis via mental status examinations and clinical findings, but do
not efficiently distinguish AD from other neurological diseases or accurately quantify disease
severity. Most biomarker research to date has focused on disease-related proteins found in blood
or cerebrospinal fluid (CSF). In more recent approaches, the methylation of specific coding
regions on DNA have been correlated with AD patients’ symptoms, but thus far these studies
have not been adequately powered to demonstrate the biomarker’s utility as a diagnostic tool. In
vivo imaging, particularly using radiological tracers in conjunction with positron emission
tomography (PET), offers the ability to measure AD-associated brain proteins such as A and
tau in the living patient but do not completely distinguish between normal and “toxic” forms of
these proteins. Overcoming these limitations should facilitate faster, less expensive and more
powerful clinical trials and support development of new therapies to actually slow AD dementia.

