
decline.  For patients diagnosed with dementia, a

specific diagnosis of AD, at present, is one of

exclusion.  Patients suspected of having AD must

undergo numerous tests to exclude other potential

causes of dementia, including neurological

examination, magnetic resonance imaging (MRI),

and laboratory tests for other clinical biomarkers of

brain amyloid deposition such as tau, metabolic

activity, and atrophy measurement.     Diagnosing

AD has historically been difficult, as the clinical

presentation is often similar to other forms of

dementia. Histopathology, whether by biopsy or

autopsy, is now the only method of confirming an

AD diagnosis with high specificity and sensitivity as

determined by the Consortium to Establish a

Registry for Alzheimer’s Disease (CERAD) in 1991.

Neurodegeneration is a complex process,

encompassing several different molecular pathways

and interactions among a variety of regulatory

factors. It is characterized by progressive loss of

connections between neurons (synapses), and

eventual loss of neurons themselves, clinically

presenting with memory, cognitive, and motor

dysfunction not typical of normal aging. Dementia

broadly includes many causes of memory loss and

other cognitive impairments serious enough to

interfere with daily life, and Alzheimer’s Disease

(AD), as the most common, comprises 60-80% of

dementia cases.   An estimated 50 million patients

worldwide are affected by AD, and this is projected

to reach 152 million by 2050.   AD costs an estimated

global $1 trillion annually, affecting not just patients,

but families, caregivers, and society at large.

Amyloid plaques and tau neurofibrillary tangles are

neuropathological hallmarks of the disease. The loss

of synapses, but not the levels of amyloid and

tangles, is closely correlated with loss of cognitive

function and responsible for AD-related cognitive

decline

Key highlights

The DISCERN™ test identifies Alzheimer’s Disease (AD) early in people diagnosed with dementia
informing a definitive diagnosis in a living patient.   

 

The DISCERN™ test is a skin test comprised of three assays that measure several critical factors directly
related to AD that regulate memory, the formation of synaptic connections among neurons, the levels
of amyloid plaques, and levels of neurofibrillary tangles in the brain.

 

The PKCε assay in the DISCERN™ test measures an enzyme found in the brain and peripheral tissues
such as skin, associated with synaptic loss, amyloid-β elevation, and cognitive deficits in AD.

 

The level of PKCε has been shown to accurately identify AD in those recently diagnosed with dementia
(96% specificity and 100% sensitivity) and to distinguish AD from other causes of dementia, such as
multi-infarct dementia, Parkinson’s disease, or Frontal Lobe Dementia. 

Introduction

The PKCε assay as a diagnostic for AD

One of the key factors recently implicated in AD

pathogenesis is protein kinase C ε (PKCε). PKCε
deficiency plays a role in several aspects of AD

pathophysiology, including synaptotoxic Aβ-

oligomer elevation, early synaptic loss, cognitive

deficits
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several critical factors directly related to AD that

regulate memory, the formation of synaptic 

 connections among neurons, the levels of amyloid

plaques and levels of neurofibrillary tangles in the

brain. The DISCERN™ test was granted

Breakthrough Device designation by the FDA in 2018

and has Clinical Laboratory Improvement Act (CLIA)

status for 49 of 50 states. Recently, the DISCERN™

Laboratory Developed Test (LDT)/CLIA certified lab

test was awarded Medicare reimbursement codes

206U and 207U by the American Medical

Association (AMA) and gap-fill status by CMS

(Medicare).

 

The PKCε assay is complementary to the

Morphometric Imaging assay. For the PKCε assay,

fibroblasts from the skin biopsy are cultured and

analyzed using the ELISA to measure PKCε levels in

relation to Aβ exposure (Figure 1).  In healthy, non-AD

samples, PKCε has an inverse correlation with Aβ in

the brain and skin fibroblasts, whereas basal PKCε is

significantly lower in AD compared to healthy

samples. This is likely due to reciprocal inhibitory

effects between PKCε and Aβ, which maintain a

homeostatic balance. However, this relationship is

disrupted in AD, leading to reduced PKCε
production, and subsequent abnormalities in APP

processing, increased Aβ production, and disease

progression. As PKCε concentrations in skin

fibroblasts correlate with concentrations in the

brain, the relationship between PKCε and Aβ could

therefore be a testable biomarker for AD.

 

deficits, and plaque formation. However, AD

pathophysiological abnormalities are not restricted

to the brain but also detectable in the blood, eyes,

and skin of AD patients.   In particular, there are

noticeable changes in skin fibroblast biology,

including alterations in potassium channels, PKC

isozymes, calcium signaling, MAP kinase Erk1/2

phosphorylation, and dysfunctional PP2A.

Interestingly, overexpression of PKCε in mice can

reverse these observations in skin fibroblasts, as well

as reduce amyloid plaque pathology.

 

PKC isozymes α/ε directly or indirectly regulate all

the major enzyme pathways that are necessary for

post-translational processing of amyloid precursor

protein (APP), and PKCε expression and interaction

with MAPKs and ERK1/2 is drastically altered in AD

patients.  These abnormalities of PKCε-mediated

phosphorylation of ERK1/2 occur in the earliest

stages of AD, prior to clinical presentation.14

Conversely, PKCε activation is protective and

beneficial, as activation reduces Aβ levels and

plaque burden, by increasing the rate of Aβ
degradation by endothelin-converting enzyme15,16

PKCε deficiency is associated with one of the earliest

pathological events of AD, the loss of synapses in

specific regions of the brain. PKCε activation has

been shown to enhance memory and prevent

neuronal death.12 Furthermore, PKCε also activates

α-secretase to produce synaptogenic non-toxic

soluble Aβ protein precursor α (sAβPPα), and

reduces GSK3-β activity, which consequently

reduces hyperphosphorylation of tau.17,18Thus,

increased levels of PKCε offer protective effects,

impeding the neuropathology and symptoms of AD.

The DISCERN™ test is composed of three assays, the

PKCε Assay, the Morphometric Imaging Assay, and

the AD Index, and it reliably and accurately identifies

neurological changes associated with AD from a

simple 3 mm skin biopsy.   These assays assess

severalns 

Results

In the study described here, analysis included 48

skin fibroblast samples obtained from patients: 11

non-AD dementia (non-ADD) samples, 17 AD

samples, and 20 age-matched, healthy control

samples. Each fibroblast sample was cultured to

100% confluency and exposed to treatment with

toxic
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patients recently diagnosed with dementia and

distinguishes AD from healthy controls and AD from

other forms of dementia, with a minimal skin tissue

biopsy. In particular, the skin biopsy is small, quick,

and minimally-invasive and can be repeated as

needed without undue discomfort and stress to the

patient. Furthermore, the loss of reciprocal balance

between PKCε and Aβ expression may occur prior to

clinical presentation, facilitating the opportunity for

medical intervention to prevent disease progression.

Taken together, the PKCε assay represents a robust,

minimally-invasive test to accurately inform a

definitive AD diagnosis in those recently diagnosed

with dementia. The PKCε assay demonstrated 96%

specificity and 100% sensitivity in identifying AD in

people with dementia and was able to differentiate

AD from other non-AD dementias – even in the

presence of other co-morbid degeneration. By

assessing several factors related to cognitive decline

from a single, minimal skin sample, the PKCƐ assay

of DISCERN™ presents a significant improvement

over the current approaches for differentially

diagnosing AD in people living with dementia. In

this way, therapeutic approaches may be improved

by treating AD earlier and avoiding the

commensurate damage incurred from advancing

disease. An earlier, accurate identification of AD

informs treatment decisions by clinicians and helps

patients and their caregivers make future plans. 

toxic amylospheroids (ASPD - derived from soluble

oligomeric Aβ42) for 16 hours at escalating

concentrations of 0, 50, 250, or 500 nM. Cells were

subsequently washed, treated with protease and

phosphatase inhibitors, and sonicated before

evaluating PKCε with ELISA assay. 

To quantify the changes in PKCε in response to

increasing levels of ASPD, the slopes and intercepts

of PKCε levels in individual skin fibroblast samples

were calculated. PKCε levels in healthy skin

fibroblasts all demonstrated negative slopes and

were inversely correlated with increasing

concentrations of Aβ oligomer exposure. In contrast,

the lower basal PKCε levels in AD skin fibroblasts

showed a positive correlation with Aβ oligomers,

demonstrating positive slopes for all AD samples,

distinguishing AD from non-AD and healthy subject

samples. (Figure 2)

 

Based on these data, two diagnostic criteria for an

AD-positive skin fibroblast PKCε via ELISA were

defined: a slope >1.01 and an intercept <1.2. These

criteria are strongly correlated across AD samples,

differentiating samples AD from non-AD and healthy

subjects. The PKCε ELISA analysis is demonstrably

sensitive and specific, returning robust and reliable

results from these small skin biopsy samples (Figure

3). Furthermore, the slope/intercept relationship

between PKCε and Aβ is proportional to disease

duration, where the slope/intercept increases

relative to the duration of the disease, suggesting

that the PKCƐ biomarker can identify AD as early as

at the first diagnosis of dementia symptoms. (Figure

4)
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Conclusions

The DISCERN™ ELISA PKCε assay can detect the

imbalance of PKCε and Aβ oligomers – an early

pathologic event in AD – in peripheral tissues. This

analysis accurately and reliably identifies AD in

patients
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Figures

Figure 1. 

Assay Flow Diagram. After a punch biopsy is performed, skin fibroblasts are dissociated and cultured to 100%

confluency. Fibroblasts are treated with increasing doses of Aβ oligomers (ASPD), then harvested for PKCε ELISA

analysis. Alzheimer’s disease (AD) samples demonstrate increasing PKCε levels with increasing Aβ oligomer

concentrations, while healthy samples (HS) reveal the opposite, with a negative slope associated with increased Aβ
oligomer concentrations.

Figure 2. 

Alzheimer’s disease fibroblast samples are easily distinguished from other sample types.  Analysis of PKCε levels

easily distinguishes Alzheimer’s disease (AD) samples from non-Alzheimer’s disease dementia (Non-ADD) and

healthy samples (HS, p<0.001).

Figure 1.

Figure 2. 
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Figure 3. 

Diagnostic Criteria Performance PKCε Biomarker of AD. A) The PKCε biomarker is robust for correctly

differentiating Alzheimer’s disease (AD) samples from non-Alzheimer’s disease dementia (Non-ADD) and healthy

samples (HS). B) The sensitivity and specificity of the skin fibroblast PKCε biomarker of AD are robust. 

 

Figure 4. 

The PKCε biomarker readout is proportional to disease duration. A) The slope/intercept value is proportional to the

disease duration, increasing as duration increases.

Figure 3. 

Figure 4. 
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This test was developed, and its performance characteristics determined by NeuroDiagnostics, Inc., dba Synaps Dx. It

has not been cleared or approved by the US Food and Drug Administration. NeuroDiagnostics Inc. is registered

under the Clinical Laboratory Improvement Amendments (CLIA) as an accredited laboratory to perform high

complexity clinical testing. The test is indicated for patients diagnosed with dementia. Test results should be

interpreted in conjunction with other laboratory and clinical data available to the clinician. All rights reserved.
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