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SERUM BIOMARKER SCREEN FOR THE 
DIAGNOSIS OF CLINICAL AND 

PRECLINICAL ALZHEIMER'S DISEASE 

PRIORITY CLAIM 

[ 0001 ] This application is a continuation of U.S. patent 
application Ser . No. 13 / 943,654 , filed Jul . 16 , 2013 , which 
claims priority to U.S. Provisional Application 61 / 671,858 
filed Jul . 16 , 2012 , the contents of each of which are 
incorporated herein by reference in their entirety . 

BACKGROUND 

[ 0002 ] Currently , the clinical diagnosis of Alzheimer's 
disease ( AD ) and / or mild cognitive impairment ( MCI ) gen 
erally requires an evaluation of medical history and physical 
examination including neurological , neuropsychological , 
and psychiatric assessment , as well as various biological , 
radiological and electrophysiological tests , such as for 
instance measuring brain volume or activity measurements 
derived from neuroimaging modalities such as magnetic 
resonance imaging ( MRI ) or positron emission tomography 
( PET ) of relevant brain regions . However , neuroimaging 
modalities are expensive , labor - intensive and not universally 
available . Despite the battery of tests available , a definitive 
diagnosis of AD can only be achieved by post - mortem brain 
examination . Thus there is a need for additional test and 
methods of assessing dementia and other cognitive disor 
ders . 

SUMMARY 

[ 0003 ] The inventors have developed a method that can 
distinguish “ dementia - relevant ” variance in observed clini 
cal and physiological measures from the variance in 
observed data that is unrelated to dementia , see “ A LATENT 
VARIABLE APPROACH TO THE IDENTIFICATION 
AND / OR DIAGNOSIS OF COGNITIVE DISORDERS 
AND / OR BEHAVIORS AND THEIR ENDOPHENO 
TYPES ” U.S. patent application Ser . No. 13 / 776,661 filed 
Feb. 25 , 2013 , which is incorporated herein by reference in 
its entirety . Furthermore , the inventors have used this meth 
odology to identify biomarkers for the assessment of sub 
jects . In certain aspects dementia is assessed in a non 
Hispanic white subject using biomarkers identified using a 
latent variable approach . In other aspects , biomarker panels 
for clinical and pre - clinical Alzheimer's Disease in Hispan 
ics , Asians , and other populations can be identified using the 
methods described herein . 
[ 0004 ] The latent variable methods result in a d score that 
is an “ error - free ” continuously varying dementia endophe 
notype ( i.e. , “ d ” ) that can be used to make accurate clinical 
diagnoses from limited psychometric batteries , and can be 
used as an outcome in studies of potential biomarkers . The 
method is free of cultural , linguistic , or educational bias , and 
can be employed with very limited datasets , using either 
existing measures , or easily collected ones ( e.g. , telephone 
measures or brief screening tests ) . 
[ 0005 ] The inventors have applied this methodology to 
data from the Texas Alzheimer's Research Consortium 
( TARCC ) and have identified set of biomarkers for use in 
assessing subjects . In certain aspects , eleven serum proteins 
were identified as biomarkers , each of which is a significant 
independent predictor of the dementia endophenotype d . In 
their aggregate , they explain 25 % of d’s variance , indepen 

dent of demographic covariates . In certain aspects various 
combinations of biomarkers can be used to assess and / or 
diagnose a subject . Moreover , the inventors have determined 
that ethnicity has a strong moderating effect on these asso 
ciations such that certain biomarkers are not associated with 
d in the Mexican - American ( MA ) fraction of TARCC's 
cohort . In a further aspect biomarkers have been identified 
that are associated with d in Non - Hispanic Whites ( NHW ) . 
In certain populations , the biomarkers alone or in various 
combinations accurately distinguish between normal con 
trols and both Mild Cognitive Impairment ( MCI ) and 
Alzheimer's Disease ( AD ) . The methods described can be 
used in various populations to identify biomarkers for a 
selected population . This can be accomplished by using a 
population specific group of subjects and assessing the 
selected population for distinguishing biomarkers by using a 
latent variable approach . 
[ 0006 ] The d scores can be associated with serum bio 
markers to identify biomarkers indicative of MCI . Six of the 
biomarkers described herein have been previously associ 
ated with clinical dementia in TARCC by traditional meth 
ods ( O'Bryant et al . , 2010 ; 2011a , 2011b ) . None were 
identified in previous efforts in other cohorts ( Ray et al . , 
2007 ; Gómez Ravetti et al . , 2008 ) . None have been previ 
ously associated with MCI . One or more of these biomarkers 
accurately distinguish MCI from controls , i.e. , they are 
altered in the earliest stages of the disease and are a useful 
diagnostic screening tool . 
[ 0007 ] Neither MCI nor AD has previously been diagnos 
able solely on the basis of a panel of serum proteins . A 
simple blood test may be all that is required to make a 
diagnosis of AD , either in its clinical or pre - clinical stages . 
[ 0008 ] Certain embodiments are directed to the methods 
of identifying pre - clinical subjects in the early stages of 
dementia using the measurement of one or more biomarkers . 
In certain aspects , a diagnosis of dementia can be confirmed 
or an ambiguous determination of dementia can be verified 
using the latent variable methods described herein . In certain 
aspects a subject is assessed or evaluated by measuring the 
levels of two or more biomarkers and determining if these 
levels are indicative of dementia . In certain aspects bio 
marker levels are measured in a blood or a serum sample . 
[ 0009 ] In certain aspects , the biomarkers include 1 , 2 , 3 , 4 , 
5 , 6 , 7 , 8 , 9 , 10 , or 11 biomarkers selected from IL - 10 , 
IL - 12p40 , IFN - Y , IL - 13 , a2 macroglobulin ( A2M ) , B2 
microglobulin ( B2M ) , pancreatic polypeptide ( pp ) , prolac 
tin , stem cell factor ( SCF ) , thrombopoietin , and Von Wille 
brand factor ( vWF ) . 
[ 0010 ] In certain aspects the biomarkers include IL - 10 and 
1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers selected from IL - 12p40 , 
IFN - Y , IL - 13 , a2 macroglobulin ( A2M ) , B2 microglobulin 
( B2M ) , pancreatic polypeptide ( pp ) , prolactin , stem cell 
factor ( SCF ) , thrombopoietin , and Von Willebrand factor 
( vWF ) . 
[ 0011 ] In certain aspects the biomarkers include IL - 12p40 
and 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers selected from IL - 10 , 
IFN - Y , IL - 13 , a2 macroglobulin ( A2M ) , B2 microglobulin 
( B2M ) , pancreatic polypeptide ( pp ) , prolactin , stem cell 
factor ( SCF ) , thrombopoietin , and Von Willebrand factor 
( v WF ) . 
[ 0012 ] In certain aspects the biomarkers include IFN - y and 
1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers selected from IL - 10 , 
IL - 12p40 , IL - 13 , a2 macroglobulin ( A2M ) , B2 microglobu 
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lin ( B2M ) , pancreatic polypeptide ( pp ) , prolactin , stem cell 
factor ( SCF ) , thrombopoietin , and Von Willebrand factor 
( vWF ) . 
[ 0013 ] In certain aspects the biomarkers include IL - 13 and 
1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers selected from IL - 10 , 
IL - 12p40 , IFN - Y , 2 macroglobulin ( A2M ) , B2 microglobu 
lin ( B2M ) , pancreatic polypeptide ( pp ) , prolactin , stem cell 
factor ( SCF ) , thrombopoietin , and Von Willebrand factor 
( VWF ) . 
[ 0014 ] In certain aspects the biomarkers include a2 mac 
roglobulin ( A2M ) and 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers 
selected from IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , B2 micro 
globulin ( B2M ) , pancreatic polypeptide ( pp ) , prolactin , stem 
cell factor ( SCF ) , thrombopoietin , and Von Willebrand fac 
tor ( vWF ) . 
[ 0015 ] In certain aspects the biomarkers include P2 micro 
globulin ( B2M ) and 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers 
selected from IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , a2 macro 
globulin ( A2M ) , pancreatic polypeptide ( pp ) , prolactin , stem 
cell factor ( SCF ) , thrombopoietin , and Von Willebrand fac 
tor ( VWF ) . 
[ 0016 ] In certain aspects the biomarkers include pancre 
atic polypeptide ( pp ) and 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers 
selected from IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , a2 macro 
globulin ( A2M ) , B2 microglobulin ( B2M ) , prolactin , stem 
cell factor ( SCF ) , thrombopoietin , and Von Willebrand fac 
tor ( vWF ) . 
[ 0017 ] In certain aspects the biomarkers include prolactin 
and 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers selected from IL - 10 , 
IL - 12p40 , IFN - Y , IL - 13 , a2 macroglobulin ( A2M ) , B2 
microglobulin ( B2M ) , pancreatic polypeptide ( pp ) , stem cell 
factor ( SCF ) , thrombopoietin , and Von Willebrand factor 
( VWF ) . 
[ 0018 ] In certain aspects the biomarkers include stem cell 
factor ( SCF ) and 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers 
selected from IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , a2 macro 
globulin ( A2M ) , B2 microglobulin ( B2M ) , pancreatic poly 
peptide ( pp ) , prolactin , thrombopoietin , and Von Willebrand 
factor ( vWF ) . 
[ 0019 ] In certain aspects the biomarkers include throm 
bopoietin and 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 biomarkers selected 
from IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , a2 macroglobulin 
( A2M ) , B2 microglobulin ( B2M ) , pancreatic polypeptide 
( pp ) , prolactin , stem cell factor ( SCF ) , and Von Willebrand 
factor ( VWF ) . 
[ 0020 ] In certain aspects the biomarkers include Von 
Willebrand factor ( vWF ) and 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 
biomarkers selected from IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , a2 
macroglobulin ( A2M ) , B2 microglobulin ( B2M ) , pancreatic 
polypeptide ( pp ) , prolactin , stem cell factor ( SCF ) , and 
thrombopoietin . 
[ 0021 ] Certain embodiments are directed to methods of 
treating pre - clinical subjects for dementia once they have 
been identified using one or more biomarkers described 
herein . A pre - clinical subject is a subject that has not been 
clinically diagnosed with dementia . Clinical diagnosis for 
dementia case - finding is a consensus clinical diagnosis made 
by experienced clinicians with full access to comprehensive 
psychometric data , and employing standardized clinical 
diagnostic criteria ( McKhann et al . , 1984 ; Roman et al . , 
1993 ; McKeith et al . , 1999 ; Winblad et al . , 2004 ; Carins et 
al . , 2007 ) . 
[ 0022 ] Certain embodiments are directed to a method for 
evaluating the effectiveness of a therapeutic comprising : ( a ) 

measuring the levels of one or more biomarker indicative of 
pre - clinical dementia in a subject ; ( b ) administering a thera 
peutic to a subject ; ( c ) measuring the levels of one or more 
biomarker indicative of pre - clinical dementia in a subject 
after administering a therapeutic ; and ( d ) comparing the 
biomarker levels or the assessments based on the biomarker 
levels , wherein a relative change in the first and second 
assessment is indicative of the effectiveness of the thera 
peutic if the assessment improves or ineffectiveness if the 
assessment worsens . 
[ 0023 ] As used herein , the term " biomarker " or " bio 
chemical marker ” refers to a protein , nucleic acid , or 
metabolite that is to be measured , detected , analyzed bio 
chemically and / or monitored , for example , a small mol 
ecule , RNA , antigen , or antibody . In certain aspects , a 
biomarker is a serum protein . 
[ 0024 ] As used herein , the term “ antigen " is a molecule 
capable of being bound by an antibody or T - cell receptor . An 
antigen is additionally capable of inducing a humoral 
immune response and / or cellular immune response leading 
to the production of B - and / or T - lymphocytes . The structural 
aspect of an antigen , e.g. , three dimensional conformation or 
modification ( e.g. , phosphorylation ) , that gives rise to a 
biological response is referred to herein as an “ antigenic 
determinant " or " epitope . ” B - lymphocytes respond to for 
eign antigenic determinants via antibody production , 
whereas T - lymphocytes are the mediator of cellular immu 
nity . Thus , antigenic determinants or epitopes are those parts 
of an antigen that are recognized by antibodies , or in the 
context of an MHC , by T - cell receptors . An antigenic 
determinant need not be a contiguous sequence or segment 
of protein and may include various sequences that are not 
immediately adjacent to one another . In certain aspects , Tau 
oligomers are utilized as antigens . 
[ 0025 ] The term “ antibody ” or “ immunoglobulin ” is used 
to include intact antibodies and binding fragments / segments 
thereof . Typically , fragments compete with the intact anti 
body from which they were derived for specific binding to 
an antigen . Fragments include separate heavy chains , light 
chains Fab , Fab ' F ( ab ' ) 2 , Fabc , and Fv . Fragments / segments 
are produced by recombinant DNA techniques , or by enzy 
matic or chemical separation of intact immunoglobulins . 
The term “ antibody ” also includes one or more immuno 
globulin chains that are chemically conjugated to , or 
expressed as , fusion proteins with other proteins . The term 
“ antibody ” also includes bispecific antibody . A bispecific or 
bifunctional antibody is an artificial hybrid antibody having 
two different heavy / light chain pairs and two different bind 
ing sites . Bispecific antibodies can be produced by a variety 
of methods including fusion of hybridomas or linking of 
Fab ' fragments . See , e.g. , Songsivilai & Lachmann ( 1990 ) ; 
Kostelny et al . ( 1992 ) . 
[ 0026 ] The reference level may comprise data obtained at 
the same time ( e.g. , in the same hybridization experiment ) as 
the patient's individual data , or may be a stored value or set 
of values e.g. stored on a computer , or on computer - readable 
media . If the latter is used , new patient data for the selected 
marker ( s ) , obtained from initial or follow - up samples , can 
be compared to the stored data for the same marker ( s ) 
without the need for additional control experiments . 
[ 0027 ] The phrase " specifically binds " or " specifically 
immunoreactive ” to a target refers to a binding reaction that 
is determinative of the presence of the molecule in the 
presence of a heterogeneous population of other biologics . 
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[ 0035 ] FIG . 1. Serum Proteins Associated with d Scores . 
APOE = apolipoprotein e4 status ; IFN - O = gamma interferon ; 
IL - 10 = interleukin - 10 ; 0-2M = alpha - macroglobulin ; 
PP - pancreatic polypeptide ; SCF = stem cell factor ; 
VWF = von Willebrand Factor . * Adjusted for age , gender , 
ethnicity , education , and APOE e4 status . Serum biomarkers 
are additionally adjusted for demographic adjusted batch 
effect . R2 = 0.44 , N = 2016 . 
[ 0036 ] FIG . 2. Thrombopoietin x d Score Scatterplot . 
[ 0037 ] FIG . 3. Ethnicity by Diagnosis Interaction in 
Serum TPO Levels . 
[ 0038 ] FIG . 4. Final Predictive Model . 
[ 0039 ] FIG . 5. ROC curve Controls vs. MCI . 
[ 0040 ] FIG . 6. ROC curves Controls vs. All Cognitive 
Impairment . 

DESCRIPTION 

Thus , under designated immunoassay conditions , a specified 
molecule binds preferentially to a particular target and does 
not bind in a significant amount to other biologics present in 
the sample . Specific binding of an antibody to a target under 
such conditions requires the antibody be selected for its 
specificity to the target . A variety of immunoassay formats 
may be used to select antibodies specifically immunoreac 
tive with a particular protein . For example , solid - phase 
ELISA immunoassays are routinely used to select monoclo 
nal antibodies specifically immunoreactive with a protein . 
See , e.g. , Harlow and Lane , Antibodies : A Laboratory 
Manual , Cold Spring Harbor Press , 1988 , for a description 
of immunoassay formats and conditions that can be used to 
determine specific immunoreactivity . 
[ 0028 ] Other embodiments of the invention are discussed 
throughout this application . Any embodiment discussed with 
respect to one aspect of the invention applies to other aspects 
of the invention as well and vice versa . Each embodiment 
described herein is understood to be embodiments of the 
invention that are applicable to all aspects of the invention . 
It is contemplated that any embodiment discussed herein can 
be implemented with respect to any method or composition 
of the invention , and vice versa . Furthermore , compositions 
and kits of the invention can be used to achieve methods of 
the invention . 
[ 0029 ] The use of the word “ a ” or “ an ” when used in 
conjunction with the term “ comprising ” in the claims and / or 
the specification may mean “ one , ” but it is also consistent 
with the meaning of “ one or more , " " at least one , " and " one 
or more than one . ” 
( 0030 ) Throughout this application , the term " about " is 
used to indicate that a value includes the standard deviation 
of error for the device or method being employed to deter 
mine the value . 
[ 0031 ] The use of the term “ or ” in the claims is used to 
mean “ and / or ” unless explicitly indicated to refer to alter 
natives only or the alternatives are mutually exclusive , 
although the disclosure supports a definition that refers to 
only alternatives and “ and / or . ” 
[ 0032 ] As used in this specification and claim ( s ) , the 
words “ comprising ” ( and any form of comprising , such as 
" comprise ” and “ comprises ” ) , “ having ” ( and any form of 
having , such as " have " and " has " ) , " including " ( and any 
form of including , such as “ includes ” and “ include ” ) or 
" containing ” ( and any form of containing , such as " con 
tains ” and “ contain ” ) are inclusive or open - ended and do not 
exclude additional , unrecited elements or method steps . 
[ 0033 ] Other objects , features and advantages of the pres 
ent invention will become apparent from the following 
detailed description . It should be understood , however , that 
the detailed description and the specific examples , while 
indicating specific embodiments of the invention , are given 
by way of illustration only , since various changes and 
modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art from this 
detailed description . 

[ 0041 ] Latent variables have been used to analyze cogni 
tive batteries , but this has been limited to “ g ” and secondary 
factor studies containing only one type of indicator ariables 
( i.e. , cognitive measures or functional status measures only ) . 
Similarly , although biomarkers have been sought in AD 
cohorts , only clinical diagnoses have been used as outcomes 
( i.e. , Ray et al . , 2007 ; Gómez Ravetti & Moscato , 2008 , 
O'Bryant et al . , 2010 , 2011a ; 2011b ) , never latent variable 
proxies for clinical diagnoses . 
[ 0042 ] As a latent variable , d's existence may not be 
obvious to clinicians and researchers because it cannot be 
directly measured . Moreover , the latent construct repre 
sented by d comprises only a fraction of the variance in each 
measure's raw score . This aspect is generic to all d - ho 
mologs . Beyond these generic considerations , it is uncon 
ventional to mix predictors and potential target measures as 
indicators of the same latent construct . The only comparable 
application the inventors are aware of in the SEM literature 
is Palmer et al.'s ( 2002 ) use of an analogous hybrid con 
struct to adjust latent variable indicators for potential bias 
effects . The inventor's insight was to use a hybrid construct 
as the variable of interest itself . This is a qualitative con 
ceptual advance over Palmer's earlier application . 
[ 0043 ] Efforts to associate clinical diagnoses with a wide 
range of biomarkers have been hampered by so - called 
“ batch ” effects ( IOM , 2012 ) . Serum biomarker levels may 
vary as a function of the case - mix across sample processing 
batches , but it is difficult to account for technical measure 
ment error . The inventors have overcome this in an SEM 
framework by adjusting observed biomarker values for 
demographic adjusted batch values . This cannot be effected 
in traditional parametric and non - parametric regression 
models . 
[ 0044 ] Moreover , the approach results in a continuously 
varying , error - free dementia endophenotype . This is much 
more statistically robust than diagnostic categories , which 
are categorical , and prone to measurement error . Studies can 
be conducted with improved power , larger sample sizes , and 
in minority or difficult to assess target populations . 

DESCRIPTION OF THE DRAWINGS 
I. Biomarkers [ 0034 ] The following drawings form part of the present 

specification and are included to further demonstrate certain 
aspects of the present invention . The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of the specifica 
tion embodiments presented herein . 

[ 0045 ] Certain aspects of the methods described identify 
serum markers for cognitive disorders such as Alzheimer's 
disease , allowing the development of effective and predic 
tive diagnostics for the presence , degree of severity / ad 
vancement or risk of developing such disease . The invention 
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describes the identification of molecular signatures specifi 
cally or preferentially expressed in the blood of patients 
developing a cognitive disorder . The methods provide tools 
and methods for diagnosing , predicting and / or monitoring 
the progression of cognitive disorders , based on measuring 
the level of biomarkers in the subjects ' blood . The presence 
of elevated levels of biomarkers allows the identification , 
risk of , or predisposition to cognitive disorders , or confirm 
ing the presence of such disorders in a subject . 
[ 0046 ] The term “ level ” refers to the amount or concen 
tration of a biomarker molecule . A level can be represented , 
for example , by the a molecule such as a polypeptide . The 
term can be used to refer to an absolute amount of a 
molecule in a sample or to a relative amount of the molecule , 
including amounts or concentration determined under 
steady - state or non - steady - state conditions . Level may also 
refer to an assay signal that correlates with the amount or 
concentration of a biomarker molecule . The level of a 
molecule can be determined relative to a control molecule in 
a sample . According to one aspect , the level ( s ) of biomarker 
( s ) are measured in the samples collected from individuals 
suspected of or at risk of developing a condition associated 
with dementia . 
[ 0047 ] TARCC has collected a wide range of serum and 
genetic biomarkers on its subjects , as well as longitudinal 
clinical assessments . O'Bryant et al . ( 2010 ; 2011a ) have 
identified the set of serum biomarkers that are associated 
with clinical diagnoses in TARCC , and validated a subset of 
these in a second cohort ( O'Bryant et al . , 2011b ) . However , 
dementia's clinical diagnosis is an inefficient art . Many 
features of the clinical exam are ill - defined and / or subjec 
tively assessed . Clinicians differ widely in their training , 
skills , and dementia - assessment experience . Patients vary 
substantially in their presentations , often because of comor 
bid conditions , concurrent medications , educational , cul 
tural , and / or linguistic differences . Finally , clinicians are per 
force ill equipped to assess the “ pre - clinical ” stages of 
disease , where interventions could have their greatest 
impact . As a result , there is considerable " measurement 
error ” in statistical models that use clinical diagnosis as an 
outcome , and this risk to undermine the validity of the 
biomarkers that are rapidly being associated with those 
outcomes . 

[ 0048 ] As a result of the latent variable methods devel 
oped by the inventors , a set of AD serum biomarkers has 
been identified . Six of the biomarkers have been previously 
associated with clinical dementia in TARCC by traditional 
methods ( O'Bryant et al . , 2010 ; 2011a , 2011b ) . Thus , the 
latent variable approach has identified new biomarkers even 
when traditional techniques are applied to the same dataset . 
Moreover , none of the biomarkers were identified in previ 
ous diagnosis - based efforts in other cohorts ( Ray et al . , 
2007 ; Gómez Ravetti et al . , 2008 ) . None of the biomarkers 
have been previously associated with mild cognitive impair 
ment ( MCI ) . 
[ 0049 ] One or more of the biomarkers distinguish MCI 
from controls , i.e. , they are altered in the earliest stages of 
AD . They appear to mark the onset of the disorder , but 
distinguish less well between MCI and AD . Moreover , they 
are strongly related to ethnicity . Certain biomarkers are less 
relevant to dementing illness in Mexican American ( MA ) 
cases . This suggests that clinical “ AD ” in MA persons may 
be the result of a distinct biological mechanism . 

[ 0050 ] Biomarkers can be used to both define a disease 
state as well as to provide a means to predict physiological 
and clinical manifestations of a disease . Three commonly 
discussed ways in which biomarkers could be used clinically 
are : ( 1 ) to characterize a disease state , i.e. establish a 
diagnosis , ( 2 ) to demonstrate the progression of a disease , 
and ( 3 ) to predict the progression of a disease , i.e. establish 
a prognosis . Establishing putative biomarkers for such uses 
typically requires a statistical analysis of relative changes in 
biomarker expression either cross - sectionally and / or over 
time ( longitudinally ) . For example , in a state or diagnostic 
biomarker analysis , levels of one or more biomarkers are 
measured cross - sectionally , e.g. in patients with disease and 
in normal control subjects , at one point in time and then 
related to the clinical status of the groups . Statistically 
significant differences in biomarker expression can be linked 
to presence or absence of disease , and would indicate that 
the biomarkers could subsequently be used to diagnose 
patients as either having disease or not having disease . In a 
progression analysis , levels of one or more biomarkers and 
clinical status are both measured longitudinally . Statistically 
significant changes over time in both biomarker expression 
and clinical status would indicate that the biomarkers under 
study could be used to monitor the progression of the 
disease . In a prognostic analysis , levels of one or more 
biomarkers are measured at one point in time and related to 
the change in clinical status from that point in time to 
another subsequent point in time . A statistical relationship 
between biomarker expression and subsequent change in 
clinical status would indicate that the biomarkers under 
study could be used to predict disease progression . 
[ 0051 ] Results from prognostic analyses can also be used 
for disease staging and for monitoring the effects of drugs . 
The prediction of variable rates of decline for various groups 
of patients allows them to be identified as subgroups that are 
differentiated according to disease severity ( i.e. less versus 
more ) or stage ( i.e. early versus late ) . Also , patients treated 
with a putative disease - modifying therapy may demonstrate 
an observed rate of cognitive decline that does not match the 
rate of decline predicted by the prognostic analysis . This 
could be considered evidence of drug or treatment efficacy . 
[ 0052 ] Certain embodiments are directed to assessing a 
subject by measuring the levels of 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
11 , or more biomarkers and determining if these levels are 
indicative of dementia , early stage dementia , Alzheimer's 
Disease ( AD ) or early stage AD . In certain aspects , the 
biomarkers include 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , or 11 
biomarkers selected from IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , a2 
macroglobulin ( A2M ) , B2 microglobulin ( B2M ) , pancreatic 
polypeptide ( pp ) , prolactin , stem cell factor ( SCF ) , throm 
bopoietin , and Von Willebrand factor ( vWF ) . In certain 
aspects , the biomarkers can include any 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 
10 or 11 of IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , a2 macroglobu 
lin ( A2M ) , B2 microglobulin ( B2M , pancreatic polypeptide 
( pp ) , prolactin , stem cell factor ( SCF ) , thrombopoietin , and 
Von Willebrand factor ( vWF ) . In further aspects , the bio 
markers assessed include IL - 10 , IL - 12p40 , IFN - Y , IL - 13 , a2 
macroglobulin ( A2M ) , B2 microglobulin ( B2M , pancreatic 
polypeptide ( pp ) , prolactin , stem cell factor ( SCF ) , throm 
bopoietin , and Von Willebrand factor ( vWF ) . 
[ 0053 ] Interleukin - 10 ( IL - 10 or IL10 ) , also known as 
human cytokine synthesis inhibitory factor ( CSIF ) , is an 
anti - inflammatory cytokine . In humans IL - 10 has an amino 
acid sequence as provided in GenBank accession No. 
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NP_000563.1 , which is incorporated herein by reference . 
This cytokine is produced primarily by monocytes and to a 
lesser extent by lymphocytes . It has pleiotropic effects in 
immunoregulation and inflammation and down - regulates the 
expression of Th1 cytokines , MHC class II antigens , and 
costimulatory molecules on macrophages . It also enhances 
B cell survival , proliferation , and antibody production . 
[ 0054 ] Subunit beta of interleukin 12 has an amino acid 
sequence as provided in GenBank accession No. 
NP_002178.2 , which is incorporated herein by reference , 
( also known as natural killer cell stimulatory factor 2 , or 
cytotoxic lymphocyte maturation factor 2 , IL12p40 ) and is 
a subunit of human interleukin 12. This polypeptide is a 
subunit of interleukin 12 , a cytokine that acts on T and 
natural killer cells , and has a broad array of biological 
activities . Interleukin 12 is a disulfide - linked heterodimer 
composed of the 40 kD cytokine receptor like subunit and a 
35 kd subunit encoded by IL12A . It is expressed by 
activated macrophages that serve as an essential inducer of 
Th1 cells development . This cytokine has been found to be 
important for sustaining a sufficient number of memory / 
effector Th1 cells to mediate long - term protection to an 
intracellular pathogen . 
[ 0055 ] Interferon - gamma ( IFN - y ) is a dimeric soluble 
cytokine that is the only member of the type II class of 
interferons . The IFN - y protein has an amino acid sequence 
as provided in GenBank accession No. NP_000610.2 , which 
is incorporated herein by reference . IFN - y , or type II inter 
feron , is a cytokine that is critical for innate and adaptive 
immunity against viral and intracellular bacterial infections 
and for tumor control . Aberrant IFN - y expression is associ 
ated with a number of autoinflammatory and autoimmune 
diseases . The importance of IFN - y in the immune system 
stems in part from its ability to inhibit viral replication 
directly , and most importantly from its immunostimulatory 
and immunomodulatory effects . IFN - y is produced predomi 
nantly by natural killer ( NK ) and natural killer T ( NKT ) cells 
as part of the innate immune response , and by CD4 Thl and 
CD8 cytotoxic T lymphocyte ( CTL ) effector T cells once 
antigen - specific immunity develops . 
[ 0056 ] Interleukin 13 ( IL - 13 ) is a protein having an amino 
acid sequence provided in GenBank accession No. 
NP_002179.2 , which is incorporated herein by reference . 
IL - 13 is cytokine secreted by many cell types , but especially 
T helper type 2 ( Th2 ) cells . In addition to effects on immune 
cells , IL - 13 is implicated as a central mediator of the 
physiologic changes induced by allergic inflammation in 
many tissues . IL - 13 induces its effects through a multi 
subunit receptor that includes the alpha chain of the IL - 4 
receptor ( IL - 4Ra ) and at least one of two known IL - 13 
specific binding chains . 
[ 0057 ] Alpha - 2 - Macroglobulin , also known as a2 - macro 
globulin and abbreviated as a2M and A2M , is a large plasma 
protein found in the blood ( see GenBank accession No. 
NPM_000005.2 for the amino acid sequence of A2M ) . It is 
produced primarily by the liver , and is a major component 
of the alpha - 2 band in protein electrophoresis . Alpha 2 - Mac 
roglobulin is the largest major non - immunoglobulin protein 
in plasma . Alpha 2 macroglobulin acts as an anti - protease 
and is able to inactivate an enormous variety of proteinases . 
It functions as an inhibitor of fibrinolysis by inhibiting 
plasmin and kallikrein . It functions as an inhibitor of coagu 
lation by inhibiting thrombin . Alpha 2 - macroglobulin may 
act as a carrier protein because it also binds to numerous 

growth factors and cytokines , such as platelet - derived 
growth factor , basic fibroblast growth factor , TGF - B , insulin , 
and IL - 13 . 
[ 0058 ] B2 microglobulin also known as B2M is a compo 
nent of MHC class I molecules , which are present on all 
nucleated cells ( excluding red blood cells ) . In humans , the 
B2 microglobulin protein has an amino acid sequence of the 
provided in GenBank accession No. NP_004039.1 , which is 
incorporated here by reference . ß2 microglobulin associates 
not only with the alpha chain of MHC class I molecules , but 
also with class I - like molecules such as CD1 and Qa . 
[ 0059 ] Pancreatic polypeptide ( PP ) is a polypeptide 
secreted by PP cells in the endocrine pancreas predomi 
nantly in the head of the pancreas . It consists of 36 amino 
acids and has molecular weight about 4200 Da ( see Gen 
Bank accession No. NP_002713.1 , which is incorporated 
herein by reference ) . The function of PP is to self regulate 
pancreatic secretion activities ( endocrine and exocrine ) , it 
also has effects on hepatic glycogen levels and gastrointes 
tinal secretions . 
[ 0060 ] Prolactin ( PRL ) also known as luteotropic hor 
mone ( LTH ) is a protein having an amino acid sequence as 
provided in GenBank accession No. NP_000948.5 , which is 
incorporated herein by reference . Prolactin acts in a 
cytokine - like manner and as an important regulator of the 
immune system . Prolactin has important cell cycle related 
functions as a growth- , differentiating- and anti - apoptotic 
factor . As a growth factor binding to cytokine like receptors 
it has also profound influence on hematopoiesis , angiogen 
esis and is involved in the regulation of blood clotting 
through several pathways . 
[ 0061 ] Stem Cell Factor ( also known as SCF , kit - ligand , 
KL , or steel factor ) is a cytokine that binds to the c - Kit 
receptor ( CD117 ) ( see GenBank accession No. NP_000890 . 
1 , which is incorporated herein by reference ) . SCF can exist 
both as a transmembrane protein and a soluble protein . This 
cytokine plays an important role in hematopoiesis ( forma 
tion of blood cells ) , spermatogenesis , and melanogenesis . 
[ 0062 ] Thrombopoietin ( THPO ) also known as mega 
karyocyte growth and development factor ( MGDF ) is a 
protein having an amino acid sequence provided by Gen 
Bank accession No. NP_000451.1 , which is incorporated 
herein by reference . Thrombopoietin is a glycoprotein hor 
mone produced mainly by the liver and the kidney that 
regulates the production of platelets by the bone marrow . It 
stimulates the production and differentiation of megakaryo 
cytes , the bone marrow cells that fragment into large num 
bers of platelets . 
[ 0063 ] Von Willebrand factor ( VWF ) is a blood glycopro 
tein involved in hemostasis , See GenBank accession No. 
NP_000543.2 , which incorporated herein by reference . It is 
deficient or defective in von Willebrand disease and is 
involved in a large number of other diseases , including 
thrombotic thrombocytopenic purpura , Heyde's syndrome , 
and possibly hemolytic - uremic syndrome . 
[ 0064 ] Biomarker levels may be measured using any of 
number of techniques available to the person of ordinary 
skill in the art , e.g. , direct physical measurements ( e.g. , mass 
spectrometry ) or binding assays ( e.g. , immunoassays , agglu 
tination assays and immunochromatographic assays ) . The 
method may also comprise measuring a signal that results 
from a chemical reactions , e.g. , a change in optical absor 
bance , a change in fluorescence , the generation of chemilu 
minescence or electrochemiluminescence , a change in 

a 
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III . Examples 

[ 0068 ] The following examples as well as the figures are 
included to demonstrate preferred embodiments of the 
invention . It should be appreciated by those of skill in the art 
that the techniques disclosed in the examples or figures 
represent techniques discovered by the inventors to function 
well in the practice of the invention , and thus can be 
considered to constitute preferred modes for its practice . 
However , those of skill in the art should , in light of the 
present disclosure , appreciate that many changes can be 
made in the specific embodiments which are disclosed and 
still obtain a like or similar result without departing from the 
spirit and scope of the invention . 

Example 1 

reflectivity , refractive index or light scattering , the accumu 
lation or release of detectable labels from the surface , the 
oxidation or reduction or redox species , an electrical current 
or potential , changes in magnetic fields , etc. Suitable detec 
tion techniques may detect binding events by measuring the 
participation of labeled binding reagents through the mea 
surement of the labels via their photoluminescence ( e.g. , via 
measurement of fluorescence , time - resolved fluorescence , 
evanescent wave fluorescence , up - converting phosphors , 
multi - photon fluorescence , etc. ) , chemiluminescence , elec 
trochemiluminescence , light scattering , optical absorbance , 
radioactivity , magnetic fields , enzymatic activity ( e.g. , by 
measuring enzyme activity through enzymatic reactions that 
cause changes in optical absorbance or fluorescence or cause 
the emission of chemiluminescence ) . Alternatively , detec 
tion techniques may be used that do not require the use of 
labels , e.g. , techniques based on measuring mass ( e.g. , 
surface acoustic wave measurements ) , refractive index ( e.g. , 
surface plasmon resonance measurements ) , or the inherent 
luminescence of an analyte . 
[ 0065 ) Immunoassay requires biospecific capture 
reagents , such as antibodies , to capture the biomarkers . 
Antibodies can be produced by methods well known in the 
art , e.g. , by immunizing animals with the biomarkers . Bio 
markers can be isolated from samples based on their binding 
characteristics . 
[ 0066 ] In certain aspects immunoassays include , for 
example , sandwich immunoassays including ELISA or fluo 
rescence - based immunoassays , as well as other enzyme 
immunoassays . In the SELDI - based immunoassay , a bio 
specific capture reagent for the biomarker is attached to a 
surface , such as a pre - activated ProteinChip array . The 
biomarker is then specifically captured on the biochip 
through this reagent , and the captured biomarker is detected 
by mass spectrometry . 

Serum Biomarkers Associated with D Scores 

[ 0069 ] A. Results 

II . Latent Variable Methods 

[ 0067 ] Methods employing a latent variable are described 
in U.S. patent application Ser . No. 13 / 776,661 filed Feb. 25 , 
2013 entitled “ A LATENT VARIABLE APPROACH TO 
THE IDENTIFICATION AND / OR DIAGNOSIS OF COG 
NITIVE DISORDERS AND / OR BEHAVIORS AND 
THEIR ENDOPHENOTYPES , ” which is incorporated 
herein by reference in its entirety . The latent variable meth 
odology can distinguish “ target - relevant ” variance in 
observed clinical and physiological measures from the vari 
ance in observed data that is unrelated to any target process . 
The approach has been validated in the context of dementia 
assessment and is applicable to other cognitive and / or func 
tional assessments . In the case of dementia , the method 
results in a latent variable or score , “ d ” ( dementia - relevant 
variance in cognitive task performance ) , that represents only 
a small fraction of the total variance in observed cognitive 
task performance , yet is strongly associated with clinicians ' 
assessments of dementia status and severity . The variable d 
correlates strongly ( partial r = 0.80-0.96 ) with current con 
sensus dementia severity measures ( i.e. , the Clinical Demen 
tia Rating Scale ( CDR ) ( Hughes et al . , 1982 ) , and is highly 
accurate in predicting the consensus clinical diagnoses of 
experienced clinicians [ Receiver Operating Curve ( ROC ) 
Area Under the Curve ( AUC ) 0.96-0.99 for the discrimi 
nation between Alzheimer's Disease ( AD ) and controls ] . 

[ 0070 ] The inventors recently reconceptualized dementia 
as “ the cognitive correlates of functional status ” ( Royall et 
al . , 2007 ; Royall , Palmer & O'Bryant , in press ) . This 
construct can be operationally defined by a latent variable , 
i.e. , “ d ” , in a Structural Equation Model ( SEM ) environment 
( Bryne , 2001 ) . The inventors have successfully constructed 
d and validated it in three different cohorts . The latent 
variable d is strongly related to Clinical Dementia Rating 
scale ( CDR ) scores ( Hughes et al . , 1982 ) performed blind by 
clinicians ( Royall , Palmer & O'Bryant , in press ; Royall et al . 
in review ) and achieves very high Areas Under the Receiver 
Operating Curve ( AUC ; ROC ) for the discriminations 
between AD and controls ( AUC range 0.987-995 ) and Mild 
Cognitive Impairment ( MCI ) ( AUC range 0.950-0.957 ) . 
[ 0071 ] The inventors recently validated d in the Texas 
Alzheimer's Research and Care Consortium ( TARCC ) 
cohort and tested its ability to discriminate controls from 
cases with MCI ( Royall & Palmer , unpublished manuscript ) . 
Unfortunately , d’s AUC for this discrimination was less 
impressive ( AUC = 0.785 ) . This was likely due to floor 
effects in its functional status indicators . Nevertheless , d 
scores can predict longitudinal cognitive decline among 
initially non - demented persons ( Royall & Palmer , 2012 ) . 
[ 0072 ] One of the many advantages of using latent vari 
ables for dementia case finding is that d’s factor scores can 
be used to generate a continuously varying dementia endo 
phenotype . This can then be associated with biomarkers 
using powerful parametric statistical methods . The inventors 
recently demonstrated that d scores are specifically associ 
ated with grey matter atrophy in the Default Mode Network 
( DMN ) . That network is specifically affected by beta - amy 
loid deposition early in AD's natural history and tangle 
pathology in its hubs is strongly associated with clinical 
dementia ( Buckner et al . , 2005 , Royall et al . , 2002 ) . 
[ 0073 ] d scores accurately distinguish between AD and 
controls , MCI and between controls and either MCI or AD , 
but are less accurate in distinguishing between controls and 
MCI . 
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TABLE 1 TABLE 3 - continued 

Demographic , Selected Cytokine and Potential Serum Biomarker 
Predictors of d scores R2 = 0.45 ; N = 2016 ROC Analysis of d as a Predictor of 

Adjudicated Clinical Dementia Status 
Area Under the Curve B b SE b p - value 

Test Result Variable ( s ) AUC Thrombopoietin 
TNF - B 
Von Willebrand Factor 

-0.129 
-0.008 
-0.071 

-0.065 
-0.001 
-0.002 

0.026 
0.004 
0.001 

0.011 
0.782 
0.020 

AD v . Controls 0.978 
AD v . MCI 0.914 

0.901 Controls v . all others 
Fit Indicies : 
x ? CMIN / DF = 2.11 , p < 0.001 
CFI = 0.988 
RMSEA = 0.023 

MCI v . Controls 0.783 

TABLE 4 [ 0074 ] To overcome d’s relatively poor discrimination 
between controls and cases of MCI , the inventors exchanged 
CDR - SB for IADL in d’s model . This amended d retains the 
original's excellent AUC's for AD v . control , AD v . MCI and 
controls v . all others , but also has improved potential to 
distinguish controls from MCI ( AUC = 0.83 ) ( Table 2 ) . 

Demographic and Cytokine Predictors of d scores 
R2 = 0.33 F ( 17,463 ) = 13.41 , p < 0.001 ; N = 481 

B SE B b SE D t ( 460 ) p - value 

TABLE 2 

ROC Analysis of the Revised d as a Predictor of 
TARCC Adjudicated Clinical Dementia Status 

Area Under the Curve 

Test Result Variable ( s ) Area 

Intercept 
Age 
Education 
Apoe e4 status 
IFN - Y 
TNF - a 
TNF - B 
IL - 1 ra 
IL - 3 
IL - 5 
IL - 7 
IL - 8 
IL - 10 
IL - 12p40 
IL - 13 
IL - 15 
IL - 16 
IL - 18 

-0.186 
0.312 

-0.130 
0.126 

-0.024 
-0.006 
-0.031 
0.214 

-0.051 
0.020 
0.018 
0.165 

-0.132 
0.061 

-0.112 
0.060 
0.022 

0.041 
0.041 
0.039 
0.044 
0.047 
0.042 
0.041 
0.110 
0.059 
0.097 
0.045 
0.062 
0.064 
0.143 
0.079 
0.056 
0.041 

1.435 0.228 6.298 
-0.012 0.003 -4.547 
0.054 0.007 7.696 

-0.182 0.055 -3.325 
0.043 0.015 2.864 

-0.001 0.002 -0.511 
-0.001 0.004 -0.143 
-0.000 0.000 -0.760 
0.744 0.384 1.936 

-0.008 0.009 -0.866 
0.000 0.001 0.206 
0.001 0.003 0.408 
0.017 0.006 2.671 

-0.402 0.194 -2.072 
0.001 0.002 0.429 

-0.184 0.130 -1.413 
0.000 0.000 1.084 
0.000 0.000 0.546 

< 0.001 
< 0.001 
< 0.001 
0.001 
0.004 
0.609 
0.886 
0.448 
0.053 
0.387 
0.837 
0.683 
0.008 
0.039 
0.668 
0.158 
0.279 
0.585 

AD v . Controls 
AD v . MCI 
Controls v . all others 
MCI v . Controls 

0.989 
0.938 
0.926 
0.830 

[ 0075 ] Having validated this new model , the inventors 
proceeded to test 21 serum biomarkers as predictors of d . All 
had been previously identified by O'Bryant et al . ( 2010 ) as 
predictors of clinical diagnoses in TARCC . However , only 
11 are confirmed as independent predictors of d scores . TABLE 5 

TABLE 3 
Demographic and Cytokine Predictors of d scores 
R2 = 0.38 F ( 26,454 ) 10.66 , p < 0.001 ; N = 481 

B SE B b SE b Demographic , Selected Cytokine and Potential Serum Biomarker 
Predictors of d scores R2 = 0.45 ; N = 2016 

t ( 454 ) p - value 

B b SE b p - value 
Age 
Education 
Ethnicity 
APOE Status 
IL - 5 
IL - 10 
IL - 12p40 
IFN - Y 
IL - 13 
a - 2 Macroglobulin 
B - 2 Macroglobulin 
C - Reactive Protein 
Creatine Kinase - MB 
Eotaxin - 3 
FAS Ligand 
ICAM - 1 
MIP1 - a 
Pancreatic Polypeptide 
Prolactin 
Prostatic Acid Phosphatase 
Resistin 
S100b 
Stem Cell Factor 

-0.139 
0.245 
0.157 

-0.232 
-0.053 
0.104 

-0.096 
0.077 
0.227 

-0.278 
0.090 
0.012 

-0.016 
0.000 
0.035 

-0.005 
0.015 

-0.065 
-0.084 
0.005 

-0.057 
-0.006 
0.138 

-0.012 
0.052 
0.287 

-0.376 
-0.011 
0.015 

-0.445 
0.037 
0.004 

-0.151 
0.70 
0.002 

-0.012 
0.000 
0.000 
0.000 
0.000 
0.000 

-0.011 
0.006 

-0.044 
-0.016 
0.001 

0.002 
0.006 
0.061 
0.049 
0.008 
0.006 
0.194 
0.015 
0.001 
0.017 
0.028 
0.006 
0.023 
0.000 
0.000 
0.000 
0.000 
0.000 
0.004 
0.032 
0.028 
0.081 
0.000 

< 0.001 
50.001 
< 0.001 
< 0.001 
0.168 
0.006 
0.022 
0.011 

< 0.001 
< 0.001 
0.012 
0.695 
0.615 
0.995 
0.214 
0.881 
0.578 
0.025 
0.006 
0.858 
0.120 
0.848 

< 0.001 

Intercept 
Age 
Education 
Apoe e4 status 
IFN - Y 
IL - 10 
IL - 12p40 
Q2 - Macroglobulin 
B2 - Microglobulin 
C - Reactive Protein 
Creatine Kinase - MB 
Eotaxin - 3 
Fas Ligand 
G - CSF 
ICAM - 1 
IGF BP - 2 
MIP - la 
Pancreatic 
polypeptide 
Prolactin 
Prostatic Acid 
Phosphatase 
Resistin 
S100b 
Stem Cell Factor 
Tenascin - C 

-0.157 
0.284 

-0.153 
0.128 
0.218 

-0.064 
-0.005 
0.058 

-0.004 
-0.023 
0.013 
0.057 

-0.063 
-0.025 
-0.014 
0.014 

-0.051 

1.678 0.246 6.819 
0.045 -0.010 0.003 -3.472 
0.041 0.049 0.007 6.894 
0.039 -0.215 0.054 -3.943 
0.045 0.043 0.015 2.873 
0.053 0.023 0.006 4.151 
0.049 -0.194 0.150 -1.297 
0.040 -0.003 0.023 -0.115 
0.052 0.042 0.038 1.104 
0.044 -0.001 0.006 -0.097 
0.046 -0.014 0.029 -0.497 
0.039 0.000 0.000 0.332 
0.038 0.000 0.000 1.503 
0.054 -0.006 0.005 -1.177 
0.046 -0.000 0.001 -0.543 
0.051 -0.000 0.001 -0.278 
0.038 0.000 0.000 0.365 
0.039 -0.000 0.000 -1.300 

< 0.001 
0.001 

< 0.001 
< 0.001 
0.004 

< 0.001 
0.195 
0.909 
0.270 
0.923 
0.620 
0.740 
0.134 
0.240 
0.588 
0.781 
0.715 
0.194 

-0.069 
0.009 

0.045 
0.041 

-0.008 
0.006 

0.005 -1.543 
0.027 0.226 

0.124 
0.822 

-0.111 
-0.028 
0.234 
0.026 

0.057 -0.068 
0.042 -0.053 
0.054 0.001 
0.044 0.000 

0.035 -1.945 
0.079 -0.673 
0.000 4.356 
0.000 0.585 

0.052 
0.501 

50.001 
0.559 



US 2020/0271674 A1 Aug. 27 , 2020 
8 

TABLE 5 - continued 

Demographic and Cytokine Predictors of d scores 
R ? = 0.38 F ( 26,454 ) = 10.66 , p < 0.001 ; N = 481 

B SE B b SE b t ( 454 ) p - value 
Thrombopoietin 
VCAM - 1 
Von Willebrand 
Factor 

-0.193 
-0.046 
-0.104 

0.071 -0.061 
0.051 -0.000 
0.043 -0.002 

0.022 
0.000 
0.001 

-2.720 
-0.891 
-2.427 

0.007 
0.373 
0.016 

TABLE 6 

Regression Summary for Dependent Variable : dCDR 
( Tarcwl ) R = .70859149 R2 = .50210190 Adjusted 

R2 = .49182419 F ( 9,436 ) = 48.853 N = 446 AD excluded . 
Std . 
Err . - 
of b * 

Std . 
Err . - 
of b b * b t ( 436 ) p - value 

Intercept 
Stem_Cell_Factor 
Thrombopoietin 
Resistin 
apoe_status 
IL 10 
IL_12p40 
IFN_gamma 
AgeAtVisit 
EDUC 

0.15 
0.22 

-0.19 
-0.07 
0.13 

-0.16 
0.12 

-0.06 
0.31 

0.05 
0.06 
0.04 
0.03 
0.05 
0.04 
0.04 
0.04 
0.04 

1.06 0.14 
0.00 0.00 
0.05 0.02 

-0.09 0.02 
-0.08 0.04 
0.01 0.00 

-0.36 0.10 
0.03 0.01 

-0.00 0.00 
0.04 0.00 

7.39 
3.10 
3.57 

-4.33 
-2.01 
2.95 

-3.62 
3.31 

-1.61 
8.46 

0.00 
0.00 
0.00 
0.00 
0.04 
0.00 
0.00 
0.00 
0.11 
0.00 

TABLE 7 

Regression Summary for Dependent Variable : DCDR 
( Tarcwl ) R = .56175159 R ' = .31556485 Adjusted 

R ? = .27449874 F ( 9,150 ) = 7.6843 n = 160 Controls excluded . 

interactions and found significant effects on each of the 
selected biomarkers ( by ANOVA ) ( FIG . 3 ) . 
[ 0079 ] This suggests that this set of d’s serum biomarkers 
is relevant to NHW , which is confirmed by ROC analyses . 
A latent variable indicated by 8 of the 11 biomarkers , 
adjusted for age , gender , education , apoe e4 status , and batch 
effects , accurately predicts observed clinical diagnoses 
( FIG . 4 ) . The most accurate classification is found for 
control v . MCI in NHW ( AUC = 0.85 ) ( FIG . 4 ) . 
[ 0080 ] Thus , the inventors have four major findings : ( A ) d 
scores are associated with 11 serum biomarkers . Only six of 
them have been previously associated with clinical dementia 
in TARCC by traditional methods ( O'Bryant et al . , 2010 ; 
2011a , 2011b ) . None were identified in previous efforts in 
other cohorts ( Ray et al . , 2007 ; Gómez Ravetti et al . , 2008 ) . 
None have been previously associated with MCI ; ( B ) The 
selected biomarkers suggest host innate immunological 
responses to microbiological infection may be responsible 
for dementia symptoms ; ( C ) These biomarkers distinguish 
MCI from controls , i.e. , they are altered in the earliest 
clinical stages of the disease and should make a useful 
diagnostic screening tool ; and ( D ) They are less relevant to 
dementing illness in MA cases . Clinical “ AD ” in MA 
persons may be the result of a distinct biological mechanism . 
[ 0081 ] The approach is modular , and can be easily adapted 
to other target conditions , potentially including , but not 
limited to , aging , depression , schizophrenia , or other diffi 
cult to assess conditions . The same advantages of latent 
variable vs. diagnostic based case - finding should apply to 
those disorders as well . Given the appropriate datasets , 
which are increasingly publically available , one should be 
able to construct accurate diagnostic blood tests for those 
disorders as well . 
[ 0082 ] The TARCC baseline sample is relatively highly 
educated , and has a slight preponderance of females . The 
AD group is significantly older , less well educated , and more 
impaired relative to controls on multiple measures . 
[ 0083 ] The inventors constructed a factor model of two 
latent variables : “ g ! ” and “ d ” . Together , these latent variables 
comprise " Spearman's g " , i.e. , a latent variable representing 
the shared variance across the observed cognitive perfor 
mance variables . The model's design suggests that g ' and d 
are orthogonal to each other . We confirmed that they are not 
significantly intercorrelated . Together , g ' and d accounted for 
59.6 % of the variance in cognitive test performance . The 
latent construct d accounted for 37.2 % independently of g ' . 
The remainder was attributable to residual “ measurement 
error ” . The observed cognitive measures all loaded signifi 
cantly on d ( range : r = 0.50-0.73 ; all p < 0.001 ) . It was also 
strongly and inversely associated with CDR - SB ( r = -0.77 ) . 
The latent variable g ' was significantly indicated only by 
COWA ( r = 0.50 ) and DST ( r = 0.36 ) ( both ps0.001 ) . 
[ 0084 ] The latent variable d was strongly associated with 
caregiver rated IADL ( partial r = -0.70 , p < 0.001 , adjusted for 
age , gender , education , and ethnicity ) . By ROC , d’s AUC for 
the discrimination of AD V. controls was 0.989 . Its AUC for 
the discrimination of AD v . MCI was 0.938 , and its AUC for 
the discrimination between controls and all other cases was 
0.926 . The latent variable d’s AUC for the discrimination of 
MCI V. controls was 0.830 . This improved over a previous 
model using IADL . 
[ 0085 ] Multivariate regression models of serum biomark 
ers are predictors of d scores . Demographics explained 20 % 
of d’s variance . Significant independent predictors included 

Std . 
Err . - 
of b * 

Std . 
Err . - 
of b b * b t ( 150 ) p - value 

Intercept 
Stem_Cell_Factor 
Thrombopoietin 
Resistin 
apoe_status 
IL_10 
IL_12p40 
IFN_gamma 
AgeAtVisit 
EDUC 

0.765 0.453 1.689 
-0.056 0.080 -0.000 0.000 -0.696 
-0.399 0.091 -0.142 0.032 -4.386 
0.115 0.079 0.076 0.052 1.465 

-0.053 0.072 -0.069 0.093 -0.739 
-0.012 0.071 -0.003 0.018 -0.174 
0.035 0.075 0.125 0.266 0.469 
0.053 0.073 0.028 0.039 0.722 

-0.061 0.073 -0.005 0.005 -0.838 
0.305 0.071 0.055 0.013 4.316 

0.093 
0.487 
0.000 
0.145 
0.461 
0.862 
0.640 
0.471 
0.404 
0.000 

[ 0076 ] The final model ( FIG . 1 ) explains 45 % of d's 
variance . 25 % is explained by the biomarkers , independent 
of covariates . The selected proteins are highly inter - corre 
lated with the single exception of pancreatic polypeptide 
( PP ) . This suggests they represent a coordinated inflamma 
tory response ( and that PP does not contribute to it ) . All 11 
can be related to “ innate immunity ” , a host defense against 
microbiological invasion . This suggests a potential mecha 
nism for the variability in d scores , and hence clinical 
dementia status in TARCC . It also suggests an infectious 
etiology for AD . 
[ 0077 ] Hov er , visual inspection of individual bio 
marker x d score scatterplots suggest two populations ( e.g. , 
thrombopoietin ( TPO ) below ( FIG . 2 ) ] . 
[ 0078 ] Since TARCC is composed largely of MA Hispan 
ics and NHW , the inventors tested for ethnicity x diagnosis 
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age , education , and APOE e4 status . Neither gender nor 
ethnicity was significantly independently associated with d 
scores . 

[ 0086 ] After adjusting for these covariates , INF - Y , IL - 10 
and IL - 12p40 were each significantly associated with d 
scores . IL - 13 showed a trend . These effects were weak , and 
explained an additional 13 % of d’s variance above and 
beyond the covariates . 
[ 0087 ] Independent of both covariates and INF - y , several 
of the AD biomarkers previously identified by O'Bryant et 
al . ( 2011 ) in TARCC were also associated with d scores . 
However , most were not . Only Thrombopoetin , von - Wille 
brand factor , and Stem Cell Factor were independently 
associated with d scores . These three biomarkers added an 
additional 5 % of variance to the model . Together , INF - Y , 
serum biomarkers , apoe e4 and covariates explained 40 % of 
variance in d scores . 
[ 0088 ] A discriminate model of d score alone was signifi 
cantly associated with TARCC adjudicated clinical diagno 
ses ( 77.4 % correctly classified ; Wilke's lambda = 0.32 ; F ( 2 , 
1250 ) = 1305.90 , 9 p = 0.001 ) . If demographics were added , 
this improved to 84.35 % { = 0.21 ; F ( 8 , 1664 ) = 251.78 , p = 0 . 
001 } . If additionally IFN - y and the batch effect were added , 
this increased to 87.73 % [ = 0.25 ; F ( 12 , 946 ) = 77.46 , p = 0 . 
001 ] . When next Thrombopoetin , von - willebrand Factor , 
and Strem Cell Factor were added , only Throbopoeitin 
contributed significantly , IFN - y and batch lost significance , 
and 89.61 % were correctly classified [ = 0.23 ; F ( 18 , 940 ) = 57 . 
70 , p < 0.001 ] ( Table 7 ) . If finally , d was withdrawn , all 
variables regain significance , but only 73.00 % of subjects 
are correctly classified [ = 0.23 ; F ( 18,940 ) = 57.70 , p < 0.001 ] . 
This suggests that the associations between these biomarkers 
and TARCC adjudicated dementia status are mediated 
through their effect on d . 
[ 0089 ] B. Methods 
[ 0090 ] Subjects : 
[ 0091 ] These data represent baseline data from the Texas 
Alzheimer's Research Consortium ( TARCC ) cohort ( circa 
2008-2009 ) . Subjects included N = 2016 TARCC participants 
[ 920 cases of Alzheimer's disease ( AD ) , 277 “ Mild Cogni 
tive Impairment ” ( MCI ) cases , and 819 controls ] . The meth 
odology of the TARCC project has been described in detail 
elsewhere [ 5 ] . Each participant underwent a standardized 
annual examination at the respective site that included a 
medical evaluation , neuropsychological testing , and clinical 
interview . Diagnosis of AD status was based on National 
Institute for Neurological Communicative Disorders and 
Stroke - Alzheimer's Disease and Related Disorders Associa 
tion ( NINCDS - ADRDA ) criteria [ 6 ] . Controls performed 
within normal limits on their psychometric assessments . 
Institutional Review Board approval was obtained at each 
site and written informed consent was obtained for all 
participants . 
[ 0092 ] Clinical Variables : 
[ 0093 ] Instrumental Activities of Daily Living ( ADL ) 
were assessed using care - giver ratings . The ability to use the 
telephone , shopping , food preparation , housekeeping , laun 
dry , use of transportation , ability to handle finances , and 
responsibility for medication adherence were each rated on 
the Likeart scale ranging from 0 ( no impairment ) to 3 
( specific incapacity ) . 
[ 0094 ] Cognitive Battery : 
[ 0095 ] Executive control function measures : The Con 
trolled Oral Word Association ( COWA ) is a test oral word 

production ( verbal fluency ) . The patient is asked to say as 
many words as they can , beginning with a certain letter of 
the alphabet . Reduced word fluency scores are associated 
with frontal lobe impairment , particularly in the left hemi 
sphere . 
[ 0096 ] Memory : 
[ 0097 ] Logical Memory II : Digit span sums the longest set 
of numbers the subject can repeat back in correct order 
( forwards and backwards ) immediately after presentation on 
50 % of trails . 
[ 0098 ] Verbal : 
[ 0099 ] The Boston Naming Test ( BOSTON [ 12 ] ) : This is 
a confrontation naming test that requires the subject to 
verbally name each of 60 line drawings of objects increas 
ingly low frequency . 
[ 0100 ] Non - Verbal : 
[ 0101 ] WMS Visual Reproduction II [ 11 ] : The subject is 
asked to reproduce five , simple to complex figures following 
a thirty minute delay . 
[ 0102 ] Outcome Measures : 
[ 0103 ] The Clinical Dementia Rating Scale sum of boxes 
( CDR - SB ) [ 13 ] : The CDR is used to evaluate dementia 
severity . The rating assesses the patient's cognitive ability to 
function in six domains - memory , orientation , judgment and 
problem solving , community affairs , home and hobbies and 
personal care . Information is collected during an interview 
with the caregiver . Optimal CDR - SB ranges corresponding 
to global CDR scores are 0.5-4.0 , for a global score of 0.5 , 
4.5-9.0 , for a global score of 1.0 , 9.5-15.5 , for a global score 
of 2.0 , and 16.0-18.0 , for a global score of 3.0 [ 14 ] . 
[ 0104 ] The MMSE is a well known and widely used test 
for screening cognitive impairment . Scores range from 0 to 
30. Scores less than 24 reflect cognitive impairment . 
[ 0105 ] The Geriatric Dementia Rating Scale ( GDS ) : 
Depressive symptoms were assessed using the short Geri 
atric Depression Scale ( GDS ) [ 17 , 18 ] . GDS scores range 
from zero - 30 . Higher scores are worse . A cut - point of 9-10 
best discriminates clinically depressed from non - depressed 
elderly . 
[ 0106 ] Statistical Analyses : 
[ 0107 ] This analysis was performed using Analysis of 
Moment Structures ( AMOS ) software . Latent variables of 
interest were constructed from confirmatory factor analyses 
performed in a structural equation framework . Residual co 
variances were explicitly estimated for each observed mea 
sure . All observed measures , latent indicators and outcomes , 
were adjusted for age , gender and education . The latent 
variables of interest were validated as predictors of observed 
TARCC outcomes in multivariate regression models and by 
Receiver Operating Characteristic ( ROC ) analyses . Three 
multivariate regression models were developed using the 
latent variables as simultaneous predictors of SOB , MMSE 
and GDS scores . In ROC analyses , latent variables were 
used to predict TARCC adjusted dementia status ( AD case 
vs. control ) , or CDR score > 1.0 . 
[ 0108 ] Batch Effects : 
[ 0109 ] TARCC's serum bio - markers exhibit a significant 
batch effort . Subject characteristics , i.e. , age , gender , edu 
cation , ethnicity , and APOE e4 status explain most ( 65 % ) , 
but not all the variance in batch - related differences . There 
fore , we decided to adjust all serum bio - marker values for 
demographic covariate adjusted batch effect . In order to 
achieve this , we ran our multivariate regression models in a 
SEM framework , using AMOS . The residuals were empiri 
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cally adjusted to achieve good fit . All serum biomarkers 
were age , gender , education , ethnicity , and APOE e4 status , 
as well as for the residual of the batch value after its 
adjustment for the same variables . 
[ 0110 ] Missing Data : 
[ 0111 ] Some variables ( e.g. , VRII ) were not used at all 
sites in TARCC's first wave . However , only the ROC 
analyses were limited to complete cases . Elsewhere , we used 
Full information Maximum Likelihood ( FIML ) methods to 
address missing data . FIML uses the entire observed data 
matrix to estimate parameters with missing data . In contrast 
to list wise or pair wise deletion , FIML yields unbiased 
parameter estimates , preserves the overall power of the 
analysis , and is arguably superior to alternative methods , 
e.g. , multiple imputation . 
[ 0112 ] Fit Indices : 
[ 0113 ] The validity of structural models was assessed 
using two common test statistics . A non - significant chi 
square signifies that the data are consistent with the model . 
The comparative fit index ( CFI ) , with values ranging from 
between 0 and 1 , compares the specified model with a model 
of no change . CFI values below 0.95 suggest model mis 
specification . Values of 0.95 or greater indicate adequate to 
excellent fit . A root mean square error of approximation 
( RMSEA ) of 0.05 or less indicates a close fit to the data , with 
models below 0.05 considered “ good ” fit , and up to 0.08 as 
“ acceptable ” . All three fit statistics should be simultaneously 
considered to assess the adequacy of the models to the data . 
[ 0114 ) Roc Curves : 
[ 0115 ] The diagnostic performance or accuracy of a test to 
discriminate diseased from normal cases can be evaluated 
using ROC curve analysis . Briefly the true positive rate 
( Sensitivity ) is plotted as a function of the false positive rate 
( 100 - Specificity ) for different cut - off points of a parameter . 
Each point of the ROC curve represents a sensitivity / 
specificity pairing corresponding to a particular decision 
threshold . The area under the ROC curve ( AUC ) is a 
measure of how well a parameter can distinguish between 
two diagnostic groups ( diseased / normal ) . The analysis was 
performed in Statistical Package for the Social Sciences 
( SPSS ) . 
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1-9 . ( canceled ) 
10. A method for treating a human subject comprising , 
( a ) obtaining a blood sample from said subject ; 
( b ) contacting the biological sample with reagents that 

specifically bind and form a complex with IL - 13 and 
alpha 2 macroglobulin biomarkers forming a reagent 
biomarker complex ; 

( c ) detecting the reagent biomarker complex of IL - 13 and 
alpha 2 macroglobulin and determining the level of the 
biomarkers in the sample ; and 

( d ) administering treatment to the subject when the level 
of the biomarkers in the sample is increased with 
respect to a control level . 

11. The method of claim 1 , comprising treating a mild 
cognitive impairment ( MCI ) condition . 

12. The method of claim 1 , comprising treating a demen 
tia condition . 

13. The method of claim 3 , comprising treating an early 
stage dementia condition . 

14. The method of claim 1 , further comprising identifying 
dementia in said subject based on the step of determining the 
level of said biomarkers . 

15. The method of claim 5 , comprising identifying early 
stage dementia in said subject by determining increased 
serum levels of any of interferon gamma , IL - 10 , IL - 12p40 , 
IL - 13 , alpha 2 macroglobulin , beta 2 microglobulin , pan 
creatic polypeptide , prolactin , stem cell factor , thrombopoi 
etin , and Von Willebrand Factor for dementia . 

16. The method of claim 1 , further comprising selecting 
said biomarkers based on a linear regression . 

17. The method of claim 1 , wherein said biomarkers are 
independent of an ethnicity of said subject . 


