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ABSTRACT

Objective: To identify antemortem CSF diagnostic biomarkers that can potentially distinguish
between the 2 main causes of frontotemporal lobar degeneration (FTLD), i.e., FTLD with TDP-43
pathology (FTLD-TDP) and FTLD with tau pathology (FTLD-tau).

Methods: CSF samples were collected antemortem from 23 patients with FTLD with known pathol-
ogy to form a autopsy cohort as part of a comparative biomarker study that additionally included 33
living cognitively normal subjects and 66 patients with autopsy-confirmed Alzheimer disease (AD).
CSF samples were also collected from 80 living patients clinically diagnosed with frontotemporal
dementia (FTD). Levels of 151 novel analytes were measured via a targeted multiplex panel enriched
in neuropeptides, cytokines, and growth factors, along with levels of CSF biomarkers for AD.

Results: CSF levels of multiple analytes differed between FTLD-TDP and FTLD-tau, including Fas,
neuropeptides (agouti-related peptide and adrenocorticotropic hormone), and chemokines (IL-23, IL-
17). Classification by random forest analysis achieved high sensitivity for FTLD-TDP (86%) with mod-
est specificity (78%) in the autopsy cohort. When the classification algorithm was applied to a living
FTD cohort, semantic dementia was the phenotype with the highest predicted proportion of FTLD-
TDP. When living patients with behavioral variant FTD were examined in detail, those predicted to
have FTLD-TDP demonstrated neuropsychological differences vs those predicted to have FTLD-tau
in a pattern consistent with previously reported trends in autopsy-confirmed cases.

Conclusions: Clinical cases with FTLD-TDP and FTLD-tau pathology can be potentially identified
antemortem by assaying levels of specific analytes that are well-known and readily measurable in
CSF. Neurology® 2010;75:2079–2086

GLOSSARY
AD � Alzheimer disease; AgRP � Aguti-related protein; ANG-2 � angiopoietin-2; ACTH � adrenocorticotropic hormone;
ALS � amyotrophic lateral sclerosis; ApoB � apolipoprotein B; bv-FTD � behavioral variant FTD; CBS � corticobasal syn-
drome; FTD � frontotemporal dementia; FTLD � frontotemporal lobar degeneration; FTLD-tau � frontotemporal lobar de-
generation with tau pathology; FTLD-TDP � frontotemporal lobar degeneration with TDP-43 pathology; IL � interleukin;
MDC � macrophage-derived chemokine; PNFA � progressive nonfluent aphasia; PPA � primary progressive aphasia; PSP �
progressive supranuclear palsy; S100b � S100 calcium binding protein b; SemD � semantic dementia; TRAIL-R3 � tumor
necrosis factor–related apoptosis-inducing ligand receptor 3.

Frontotemporal lobar degeneration (FTLD) includes neurodegenerative disorders which lead
to progressive behavioral or language abnormalities.1-3 There are 2 major forms of FTLD:
FTLD-TDP with neuronal and glial inclusions immunoreactive to TAR DNA binding protein
of �43 kD (TDP-43), and FTLD-tau containing fibrillar and hyperphosphorylated tau inclu-
sions.2,3 The main FTLD lesions likely reflect distinct disease mechanisms,2 although antemor-
tem diagnosis of the underlying pathology remains clinically challenging. Certain phenotypes
and neuropsychological profiles have been proposed as predictors for FTLD subtypes,4-6 but
differences at the group level are difficult to translate into pathologic prediction at the individ-
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ual patient level. Patterns of atrophy may offer
clues to the pathology, although structural
changes often reflect phenotypes rather than
pathology.7

Compared to clinical and imaging predictors,
chemical biomarkers may better identify the un-
derlying FTLD pathology. CSF levels of pep-
tides related to Alzheimer disease (AD),
including total tau, tau phosphorylated at threo-
nine 181 (p-tau181), and A�1-42 (A�42), repre-
sent the most established biomarkers in
neurodegenerative disease research.8 Altered lev-
els of these peptides can help confirm AD in
elderly patients with dementia,9 and identify pa-
tients with clinical FTLD features due to atypi-
cal presentations of pathologic AD.9,10 No
definitive CSF biomarker yet exists to distin-

guish between FTLD-TDP or FTLD-tau, al-
though some studies suggest that TDP-43 levels
in plasma and CSF may predict FTLD-
TDP.11,12 Recently, we performed a targeted
proteomic search for novel CSF biomarkers for
AD compared to other neurodegenerative disor-
ders including autopsy-confirmed cases of
FTLD-TDP and FTLD-tau.13 In this context,
we hypothesize that certain CSF biomarkers ex-
ist to distinguish between FTLD-TDP and
FTLD-tau.

METHODS Standard protocol approvals, registra-
tions, and patient consents. All protocols were approved by
the Institutional Review Board at the University of Pennsylva-
nia. Written consent was obtained from all patients and their
representatives.

Subjects. Patients and control subjects were recruited and lon-
gitudinally followed at the University of Pennsylvania in spe-
cialty services dedicated to the evaluation and management of
neurodegenerative diseases. The autopsy cohort was previously
described.14 Briefly, each patient in the autopsy cohort had un-
dergone detailed cognitive, neurologic, neuroimaging, and labo-
ratory examinations to ensure the accuracy of clinical diagnosis
according to established criteria for AD,15 FTD,16 and amyotro-
phic lateral sclerosis (ALS).17 Autopsy-confirmed cases (n � 82)
were characterized neuropathologically with detailed immuno-
histochemical analysis.18 Clinical history was reviewed in a
blinded manner to confirm FTD syndromic diagnosis according
to consensus criteria for behavioral variant FTD (bv-FTD),1,16

semantic dementia (SemD),16 progressive nonfluent aphasia
(PNFA),16 and corticobasal syndrome (CBS).19 Seven patients
with clinical FTD and ALS but no autopsy were added to the
FTLD-TDP group, as these cases nearly always have TDP-43
pathology.20 APOE genotyping was performed for all subjects in
the autopsy cohort. Compared to patients with FTLD-tau (n �

9), patients with FTLD-TDP (n � 14) had more years of educa-
tion (p � 0.026). The 2 groups were otherwise similar in gender,
disease duration to CSF, and cognitive performance measured by
Mini-Mental State Examination (table 1).

Patients clinically diagnosed with bv-FTD or primary progres-
sive aphasia (PPA) without autopsy (n � 80) were also recruited to
form the living cohort. A subset of these living patients (n � 65) had
neuropsychological analysis for category naming fluency (n � 65)
and confrontational naming (n � 56). These measures were se-
lected because of their potential use in distinguishing patients with
FTLD-tau from patients with FTLD-TDP, in that relatively better
performance in category naming fluency than confrontational nam-
ing was suggestive of FTLD-TDP.6

Procedures. Baseline CSF samples were obtained during rou-
tine diagnostic lumbar puncture as previously described.9 Briefly,
lumbar puncture was performed with a 20- or 24-guage spinal
needle, and CSF was transferred into polypropylene tubes. Ali-
quots (0.5 mL) were prepared, bar-coded, and then stored in
polypropylene vials at �80°C. Samples were interrogated by
Rules-Based Medicine (RBM), Inc. (Austin, TX) to assay levels
of 151 analytes using the Human DiscoveryMAPTM panel and a
Luminex 100 platform as described.13 Measures of CSF A�42,
total tau, and p-tau181 were performed using the multiplex
xMAP Luminex platform (Luminex Corp, Austin, TX) with In-

Table 1 Demographic and clinical features of patients in the autopsy
cohort (n � 23)

Group
FTLD-TDP
(n � 14)

FTLD-tau
(n � 9) p

Female (%) 7 (50) 4 (44) 1.000

Age at onset, y (SD) 57.21 (7.46) 61.44 (9.25) 0.305

Age at CSF, y (SD) 59.57 (6.91) 64.11 (9.14) 0.196

Disease duration at CSF,
y (SD)

2.29 (1.64) 3.22 (1.48) 0.146

Age at death, y (SD) 62.57 (8.46) 67.56 (9.94) 0.218

Disease duration, y (SD) 5.36 (3.15) 6.11 (2.47) 0.293

Education, y (SD) 16.29 (2.92) 13.56 (1.94) 0.026

MMSE (SD) 21.42 (6.44) 24.40 (5.18) 0.393

APOE �4 carrier 6 2 0.400

CSF tau 60.63 (29.60) 41.56 (26.78) 0.127

CSF p-tau181 13.11 (1.40) 11.55 (1.77) 0.497

CSF A�42 247.38 (36.80) 212.11 (72.22) 0.203

FTD diagnosis

bv-FTD 4 4

CBS 1 3

PNFA 1 2

SemD 1 0

FTD-ALS 7 0

No. with neuropsychological
testing (%)

7 (50) 3 (33)

Z score, category naming
fluency

�2.19 (1.04) �2.64 (0.85)

Z score, confrontational
naming

�2.66 (2.59) �1.31 (1.17)

�Z 0.469 (2.54) �1.30 (0.56)

Abbreviations: ALS � amyotrophic lateral sclerosis; bv-FTD � behavioral variant FTD;
CBS � corticobasal syndrome; FTD � frontotemporal dementia; FTLD-tau � frontotempo-
ral lobar degeneration with tau pathology; FTLD-TDP � frontotemporal lobar degeneration
with TDP-43 pathology; MMSE � Mini-Mental State Examination; PNFA � progressive non-
fluent aphasia; SemD � semantic dementia.
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nogenetics (INNO-BIA AlzBio3, Ghent, Belgium) immunoas-
say kit–based reagents as described.9

Statistical analysis. Statistical analysis was performed in SPSS
12.0 except for classification. Mann-Whitney U test was used to
identify analytes that differed between autopsy-confirmed
FTLD-TDP and FTLD-tau at the univariate level. Given the
high dimensional data with a small sample size, random forests
(http://www.stat.berkeley.edu/�breiman/RandomForests/) was
used for classification in the autopsy cohort. Analytes were en-
tered with nodes optimized for best classification of FTLD-TDP
vs FTLD-tau. Out-of-box error rate was used to derive diagnos-
tic accuracy, with sensitivity and specificity derived from the
confusion matrix. Receiver operating characteristics curves were
used to derive cutoff values for each individual analyte. The es-
tablished random forests structure was then used to classify each
patient in the living cohort as likely to have FTLD-TDP or
FTLD-tau.

For neuropsychological analysis, Z score was calculated for each
neuropsychological subtest according to cognitively normal control
subjects. According to previously observed patterns in subjects with
autopsy-confirmed FTLD,6 a relative performance score was calcu-
lated between confrontational naming and category naming fluency
(�Z � Z score of category naming fluency � Z score of confronta-
tional naming). A positive relative performance score was taken as
suggestive of predicted FTLD-TDP.

RESULTS As in our previous study,13 not all analytes
were sufficiently abundant to be reliably measured and
here 106 of the 151 analytes in the MAP had measur-
able levels for analysis. To determine the best biomark-
ers of FTLD-TDP, we used 3 independent analytical
strategies to identify MAP analytes associated with
FTLD-TDP vs FTLD-tau.

Autopsy cohort. Mann-Whitney U test identified 10
analytes that differ between FTLD-TDP and FTLD-
tau (table 2, figure 1), including interleukin-17
(IL-17), interleukin-23 (IL-23), Eotaxin-3, adreno-
corticotropic hormone (ACTH), Fas, angiopoietin-2

(ANG-2), apolipoprotein B (ApoB), macrophage-
derived chemokine (MDC), S100 calcium binding
protein b (S100b), and tumor necrosis factor–related
apoptosis-inducing ligand receptor 3 (TRAIL-R3).
As the number of analytes is significantly larger than
the number of cases in the training set, we performed
additional classification algorithms using random
forest analysis to identify putative biomarkers for
each FTLD subtype and to classify patients in the
test set.

Random forests analysis using demographic infor-
mation (age at CSF collection, gender), CSF biomar-
kers for AD (levels of tau, p-tau181, and A�42), and
106 MAP analyte levels identified a short list of ana-
lytes that differentiated between FTLD-TDP and
FTLD-tau through a tree-based classification algo-
rithm. Optimal classification was achieved by using
the top 5 analytes identified by random forests, in-
cluding IL-17, Eotaxin-3, ACTH, Fas, and Aguti-
related protein (AgRP) (table 2, figure 1). These
biomarkers were associated with a diagnostic accu-
racy of 82.6%, with 85.7% sensitivity and 77.8%
specificity for FTLD-TDP. To determine the relative
performance of individual analyte alone, we derived
cutoff values for each analyte using receiver operating
characteristic curves: 0.1350 ng/mL for ACTH (sen-
sitivity 71.4%, specificity 77.8%), 53.0 for AgRP
pg/mL (sensitivity 57.1%, specificity 88.9%), 52.5
pg/mL for Eotaxin-3 (sensitivity 78.6%, specificity
88.9%), 0.455 for FAS ng/mL (sensitivity 64.3%,
specificity 77.8%), and 9.25 pg/mL for IL-17
(14.3% sensitivity, 77.8% specificity).

While some biomarkers identified by Mann-
Whitney U test contributed little to the distinction
of FTLD-TDP from FTLD-tau by random forests,
we made the observation that FTLD-TDP and
FTLD-tau cases differed in both IL-23 and IL-17
levels. This was suggestive of an altered IL-23 path-
way, as IL-23 induces the differentiation of naïve
T-cells into IL-17–releasing helper T cells.21 We thus
additionally analyzed levels of IL-23 and IL-17 in
FTLD-TDP and FTLD-tau cases to determine the
direction and magnitude of these changes (figure 2).
When levels of IL-23 and IL-17 were normalized to
average levels in cognitively healthy control subjects
(n � 33) previously reported,14 patients with FTLD-
TDP (p � 0.074) and FTLD-tau (p � 0.069) both
had a relative increase in IL-23 levels compared to
IL-17. With this increase in IL-23, FTLD-tau cases
were found to have similar levels of IL-17 as control
subjects, while FTLD-TDP had lower IL-17 levels
than control subjects (p � 0.002).

Living cohort. Finally, we sought to determine the
likelihood of FTLD-TDP vs FTLD-tau as the under-
lying pathology in an independent living cohort consist-

Table 2 Candidate biomarkers for FTLD-TDP according to Mann-Whitney U
test and random forests analysis

Mann-Whitney p Random forest Z score p

IL-17a 0.012 IL-17a 22.633 �0.001

MDC 0.015 Eotaxin-3a 16.916 �0.001

ACTHa 0.016 ACTHa 15.065 �0.001

FASa 0.023 FASa 9.033 �0.001

IL-23 0.025 AgRP 6.872 �0.001

ApoB 0.028

Eotaxin-3a 0.037

S100b 0.037

TRAIL-R3 0.04

ANG2 0.051

Abbreviations: ACTH � adrenocorticotropic hormone; ANG-2 � angiopoietin-2; ApoB �

apolipoprotein B; IL � interleukin; FTLD-TDP � frontotemporal lobar degeneration with
TDP-43 pathology; MDC � macrophage-derived chemokine; S100b � S100 calcium binding
protein b; TRAIL-R3 � tumor necrosis factor–related apoptosis-inducing ligand receptor 3.
a Analytes identified by both strategies.
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ing of 80 patients with bv-FTD or PPA (table 3, table
e-1 on the Neurology® Web site at www.neurology.org).
The most common syndromic diagnosis was bv-
FTD (n � 37, 46%), with PPA (n � 22) and CBS
(n � 21) similar in number. Among these 80 pa-
tients, 53 were predicted by random forests to have
FTLD-TDP, including 26 with bv-FTD (70.2%),
12 with CBS (57.1%), 5 with PNFA (50%), and 10
with SemD (83.3%). By comparison, among 23 pa-
tients with neuropathologic information, 12 of 14
patients predicted to have TDP-43 pathology had

FTLD-TDP, and 7 of 9 patients predicted to have
tau pathology had FTLD-tau.

As relative performance in certain neuropsycho-
logical tests can reflect differential brain region in-
volvement associated with underlying FTLD
pathology,6 we analyzed the neuropsychological pro-
files of patients in the living cohort. A total of 56
patients underwent testing for both category naming
fluency and confrontational naming, and a Z score
difference (category naming fluency � confrontation
naming) was calculated for each patient with a more

Figure 1 Box plots showing median values, quartiles, and outliers (circles) of novel CSF analytes useful in the distinction between
frontotemporal lobar degeneration with TDP-43 pathology (gray) and frontotemporal lobar degeneration with tau pathology
(white), along with total tau levels

Values shown are normalized to mean values of cognitively normal subjects. AgRP � Aguti-related protein; ANG-2 � angiopoietin-2; ACTH � adrenocorti-
cotropic hormone; ApoB � apolipoprotein B; FTLD � frontotemporal lobar degeneration; IL � interleukin; MDC � macrophage-derived chemokine; S100b �

S100 calcium binding protein b; TRAIL-R3 � tumor necrosis factor–related apoptosis-inducing ligand receptor 3.
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positive score suggestive of FTLD-TDP. Compared
to those predicted by random forests to have FTLD-
tau, patients predicted to have FTLD-TDP per-
formed relatively worse on confrontational naming

than category naming fluency (Z score difference of
0.541 vs 0.05, p � 0.314). This difference became
most pronounced when the largest phenotypic
subgroup—bv-FTD (n � 26)—was analyzed, with
patients predicted to have FTLD-TDP having higher
Z-score differences than those predicted to have
FTLD-tau (p � 0.016).

DISCUSSION FTLD-TDP and FTLD-tau can each
lead to clinical FTD syndromes, although the under-
lying pathologic substrate is difficult to predict on
clinical grounds alone. Using autopsy-confirmed
cases of FTLD-TDP and FTLD-tau as our training
set, we identified novel CSF biomarkers that can im-
prove the distinction between FTLD-TDP and
FTLD-tau, including AgRP, ACTH, IL-17,
Eotaxin-3, and Fas, with high sensitivity and modest
specificity for FTLD-TDP. While the involvement
of these candidate biomarkers in the development
and progression in FTLD remains to be determined,
these analytes offer promise in the antemortem dif-
ferential diagnosis of FTLD-TDP vs FTLD-tau.

Prior to the current study, only TDP-43 itself has
been examined as a potential biomarker for nonfamilial
cases of FTLD-TDP.11,22 One study showed elevated
plasma TDP-43 levels in 46% of clinical FTD cases and
22% of clinical AD cases, but the lack of pathologic
confirmation in these groups limited confident inter-
pretation of results.11 Levels of TDP-43 also appeared
to be elevated in CSF samples from patients with FTD-
ALS,12 but the significant overlap in TDP-43 levels be-
tween patients and healthy subjects emphasized the
need for improved assays. Other studies have also
sought to identify biomarkers in disorders associated
with FTLD, including ALS and progressive supranu-
clear palsy (PSP). Potential biomarkers of ALS have in-
cluded elevated levels of TDP-43,12 inflammatory
proteins (GM-CSF,23 G-CSF,23 MCP-1,23,24 MIP-
1a/b,23 and multiple interleukins including IL-2, IL-6,
IL-8, IL-15, and IL-1723,24), axonal structural proteins
(neurofilament light chain25), and growth factors (FGF
basic protein and VEGF23), and decreased levels of cys-
tatin C,26 insulin-like growth factor 1,27 IL-10,23

interferon-�,23 erythropoietin,28 and angiotensin II.29

While alterations in some biomarkers are likely specific
for FTLD-TDP spectrum disorders, changes in many
likely can occur in either FTLD-TDP or FTLD-tau.
For example, neurofilament light chains were proposed
as a biomarker for ALS,25 but elevated levels were inde-
pendently found in PSP and CBS.30 Hence, any discov-
ery or validation biomarker work in FTLD-TDP or
FTLD-tau needs to incorporate both disorders compar-
atively with neuropathologic confirmation.

Some of the proposed ALS biomarkers above
were specifically evaluated in our multiplex panel.23

Table 3 Clinical and neuropsychological features of patients predicted by
random forests analysis to have FTLD-TDP or FTLD-tau in the
living cohort (n � 80)

bv-FTD
(n � 37)

CBS
(n � 21)

PNFA
(n � 10)

SemD
(n � 12)

Female, n (%) 26 (70) 8 (38) 3 (30) 9 (75)

Age, y 61.6 (7.83) 62.5 (8.23) 65.9 (10.2) 66.7 (8.33)

MMSE 23.6 (5.41) 24.8 (4.61) 24.5 (4.34) 24.9 (4.18)

Predicted to have FTLD-TDP, n (%) 26 (70) 12 (57) 5 (50) 10 (83)

No. of patients with
neuropsychological analysis
(% of total)

26 (70) 15 (71) 8 (80) 7 (58)

Predicted to have FTLD-TDP 16 8 4 6

Z-score, category naming fluency �1.681 �1.976 �1.598 �2.133

Z score, confrontational naming �2.491 �1.180 �0.714 �4.691

�Z 0.810a �0.796 �0.884 2.558

Predicted to have FTLD-tau 10 7 4 1

Z score, category naming fluency �1.825 �1.949 �2.353 �2.919

Z score, confrontational naming �1.036 �2.854 �2.406 �5.368

�Z �0.789 0.905 0.053 2.448

Abbreviations: �Z �Z score of category naming fluency subtracted by Z score of confron-
tational naming (a positive �Z is more consistent with FTLD-TDP); bv-FTD � behavioral
variant FTD; CBS � corticobasal syndrome; FTLD-tau � frontotemporal lobar degeneration
with tau pathology; FTLD-TDP � frontotemporal lobar degeneration with TDP-43 pathol-
ogy; MMSE � Mini-Mental State Examination; PNFA � progressive nonfluent aphasia;
SemD � semantic dementia.
a p � 0.016 compared to �Z of patients predicted to have FTLD-tau by Student t test.

Figure 2 Relative levels of CSF chemokines
involved in the IL-23/IL-17 axis in
control subjects, and patients with
FTLD-TDP and FTLD-tau (�SEM)

*p � 0.005 by Mann-Whitney U test compared to control sub-
jects and FTLD-TDP (FTLD-tau); **p � 0.02 compared to control
subjects and FTLD-tau. FTLD-tau � frontotemporal lobar degen-
eration with tau pathology; FTLD-TDP � frontotemporal lobar
degeneration with TDP-43 pathology; IL � interleukin.
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MCP-1 was found by 2 previous studies23,24 to be
elevated in ALS, and MCP-1 was increased in our
FTLD-TDP cases compared to control subjects (p �

0.01) and FTLD-tau (p � 0.089). However, MCP-1
did not emerge as a reliable biomarker for FTLD-
TDP in the current study despite the difference in
levels. Further analysis showed that MCP-1 levels
were highly correlated with Fas levels (R � 0.698,
p � 0.005), and Fas was identified by multiple meth-
ods as a key discriminator between FTLD-TDP and
FTLD-tau. Our multiplex approach thus identified
Fas as a more robust proxy biomarker for FTLD-
TDP than MCP-1 for a similar underlying biological
process. As apoptosis induced by Fas and Fas-
associated death domain protein is associated with
significant macrophage recruitment and MCP-1 up-
regulation,31 our finding of elevated Fas levels in
FTLD-TDP (compared to FTLD-tau and control
subjects) would suggest that Fas-induced apoptosis is
more associated with FTLD-TDP than FTLD-tau.
Among the remaining analytes that distinguished
FTLD-TDP from FTLD-tau, AgRP and ACTH are
both hypothalamic neuropeptides, and their eleva-
tion in the CSF may reflect hypothalamic dysfunc-
tion. No specific hypothalamic dysfunction has been
previously described in FTLD-TDP, but disinhib-
ited behaviors common in bv-FTD and hypotha-
lamic dysfunction such as an eating disorder can
both be linked to amygdala abnormalities.32 Clini-
cally, elevated AgRP may contribute to the common
hyperoral behavior in clinical FTD through its
appetite-promoting effect. Analytes identified only
by Mann-Whitney U test may also be biologically
associated with FTLD. For example, CSF levels of
ANG-2 were elevated in FTLD-TDP, and this eleva-
tion may be associated with respiratory status of pa-
tients with FTLD-TDP.33 IL-23 levels differed
between FTLD subtypes by Mann-Whitney U test,
and IL-23 promotes the development of helper T
cells that release IL-17 (identified by both analytical
strategies).21 These T-helper 17 cells have been im-
plicated in multiple sclerosis,33 and microglia can
themselves release IL-17 in the presence of IL-23.34

As IL-23 is relatively increased in both FTLD-TDP
and FTLD-tau, there may be a common IL-17 dys-
function in FTLD. Whether higher IL-23 levels are
protective or harmful in FTLD remains to be deter-
mined, along with the biological significance of de-
creased IL-17 levels in FTLD-TDP despite the
upregulated IL-23 levels.

The true diagnostic accuracy of the novel analytes
cannot be determined without a fully validated test
set, but we predicted the underlying FTLD pathol-
ogy in a group of living patients with clinical bv-
FTD, PPA, and CBS. Consistent with previous

reports,4,35,36 we found SemD to have the highest
proportion of patients predicted to have FTLD-TDP
among all FTD phenotypes. Patients with bv-FTD
were next most likely to have FTLD-TDP, and pa-
tients with CBS and PNFA were least likely to have
FTLD-TDP. However, the proportion of patients
predicted to have FTLD-TDP in the bv-FTD, CBS,
and PNFA groups were on the higher ends of previ-
ously reported ranges.4,35 This could be due to the
higher sensitivity at the cost of specificity observed in
the autopsy cohort, or bias associated with referral or
research participation. At the same time, the pattern
of relative performance in category naming fluency
and confrontational naming in autopsy-confirmed
cases of FTLD-TDP6 was also noted among patients
with bv-FTD, which is the most prevalent pheno-
type. While this pattern of relative neuropsychologi-
cal performance was not observed in other
phenotypes, the limited power within each non-bv-
FTD phenotype may mask any such trend in two
tasks. The classification results are thus in keeping
with reported clinicopathologic correlations, al-
though continued follow-up of these patients to au-
topsy or validation in an independent autopsy cohort
would be necessary to determine the diagnostic per-
formance of novel biomarkers reported here.

The limited sample size in the autopsy cohort
may bias the results of our classification, and replica-
tion in independent cohorts and platforms will be
necessary. There also exists pathologic heterogeneity
within FTLD-TDP and FTLD-tau. For example,
FTLD-TDP is associated with multiple combina-
tions of pathologic inclusions,2 and different types of
FTLD-tau (corticobasal degeneration vs PSP) may
uniquely associate with certain analytes. While we
aimed to identify analytes common to members
within the main pathologic groups, analytes associ-
ated with specific pathologic subgroups may also be
of biological and clinical significance. Additional
analytes may also help distinguish between FTLD-
TDP and FTLD-tau, such as levels of tau (which did
not significantly differ between FTLD-TDP and
FTLD-tau cases in the current study) or phosphory-
lated TDP-43 peptides in the CSF using more sensi-
tive assays. Improved assays may also determine the
utility of previously reported candidate ALS biomar-
kers, as we were unable to detect levels of GM-CSF,
G-CSF, IL-2, IL-6, or IL-15 using the standard
RBM protocols. Nevertheless, based on this novel
exploratory study of FTLD biomarkers, we propose a
stepwise workup of patients clinically diagnosed with
FTLD spectrum disorders using first the more vali-
dated biomarker assays of CSF AD biomarkers (p-
tau181, tau, and A�42) to exclude cases of clinical
FTD due to atypical AD. This can then be followed
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by measurements of novel FTLD biomarkers like
those reported here to further distinguish between
FTLD-TDP and FTLD-tau.
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