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Abstract

Objective

To determine whether memory is preserved longitudinally in primary progressive aphasia
(PPA) associated with Alzheimer disease (AD) and to identify potential factors that maintain
memory despite underlying neurofibrillary degeneration of mediotemporal memory areas.

Methods

Longitudinal memory assessment was done in 17 patients with PPA with autopsy or biomarker
evidence of AD (PPA-AD) and 14 patients with amnestic dementia of the Alzheimer type with
AD at autopsy (DAT-AD).

Results

In PPA-AD, episodic memory, tested with nonverbal items, was preserved at the initial testing
and showed no decline at retesting 2.35 + 0.78 years later, at which time symptoms had been
present for 6.26 + 2.21 years. In contrast, language functions declined significantly during the
same period. In DAT-AD, both verbal memory and language declined with equal severity.
Although imaging showed asymmetric left-sided mediotemporal atrophy in PPA-AD, autopsy
revealed bilateral hippocampo-entorhinal neurofibrillary degeneration at Braak stages V and VI.
Compared to DAT-AD, however, the PPA-AD group had lower incidence of APOE €4 and of
mediotemporal TAR DNA-binding protein 43 (TDP-43) pathology.

Conclusions

Memory preservation in PPA is not just an incidental finding at onset but a core feature that
persists for years despite the hippocampo-entorhinal AD neuropathology that is as severe as
that of DAT-AD. Asymmetry of mediotemporal atrophy and a lesser impact of APOE €4 and of
TDP-43 on the integrity of memory circuitry may constitute some of the factors underlying this
resilience. Our results also suggest that current controversies on memory in PPA-AD reflect
inconsistencies in the diagnosis of logopenic PPA, the clinical variant most frequently associ-
ated with AD.
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Glossary

AP = B-amyloid; AD = Alzheimer disease; AQ = Aphasia Quotient; BNT = Boston Naming Test; CDR = Clinical Dementia
Rating; DAT-AD = amnestic dementia of the Alzheimer type with AD; LPA = logopenic progressive aphasia; NFT =
neurofibrillary tangle; PPA = primary progressive aphasia; RBMT = Rivermead Behavioral Memory Test; TDP-43 = TAR

DNA-binding protein 43.

Primary progressive aphasia (PPA) is diagnosed when lan-
guage impairment emerges on a background of preserved
memory and behavior.! Approximately 40% of cases represent
atypical manifestations of Alzheimer disease (AD) and usually
display a logopenic variant of the syndrome. Asymmetric left-
sided neurodegeneration accounts for the atypical language
impairment.zf9 However, the correlates of memory preser-
vation remain unexplored. This is particularly interesting
because of the known vulnerability of mediotemporal mem-
ory areas to AD neuropathology. Is the memory preservation
in PPA-AD a consistent core feature or a transient finding
confined to initial presentation? If the former, what underlies
the resilience of memory function to mediotemporal AD
neuropathology?

Characterization of memory in PPA-AD is challenging because
most tests use word lists and may be failed because of the
aphasia. The few investigations using nonverbal memory tasks
reported inconsistent conclusions. In 1 study, patients with
PPA-AD (6 of 7 logopenic) showed impaired recall of words
but not pictures, whereas patients with typical AD dementia
(DAT-AD) were impaired in both.'® However, a review of 849
cases concluded that logopenic PPA was associated with verbal
and nonverbal memory deficits,'" while another study, also on
logopenic aphasics, found both verbal and nonverbal memory
deficits as severe as those of typical AD."?

To address these divergent accounts, we assessed the longi-
tudinal course of nonverbal memory in PPA-AD. A second
group of patients with DAT-AD allowed us to compare
temporal trajectories of memory function and related neu-
ropathologic correlates in these 2 distinct phenotypes of AD
neuropathology.

Methods

The PPA-AD Group

The Northwestern PPA Research Program prospectively
enrolls participants who volunteer for longitudinal assess-
ments, imaging, and biomarker analyses. Most also agree to
brain donation. We searched the database to identify those
participants with PPA with autopsy or biomarker evidence of
AD who also had at least 2 consecutive visits during which
language and memory assessment had been obtained with the
same tests. All 17 participants who fit these characteristics
were included in this report. They were all right-handed. The
diagnosis of PPA had been based on 3 criteria': (1) adult
onset and progressive impairment of language (not just
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speech), (2) absence of other consequential behavioral or
cognitive deficits for approximately the first 2 years, and (3)
neurodegenerative disease as the only cause of impairment.
The aphasia was then classified according to the 2011 con-
sensus guidelines."® Confirmation of AD neuropathology was
based on autopsy in 8 of the cases, CSF biomarkers in 3, and
amyloid PET in 6.

Typical AD Group (DAT)

The control sample included participants enrolled at the
Northwestern Alzheimer’s Disease Center with AD as the
principal neuropathologic diagnosis at postmortem. Selection
was based on 3 additional criteria: the clinical diagnosis of
typical amnestic probable AD dementia according to the
McKhann et al.'* criteria, the presence of at least 2 consec-
utive visits during which memory and language had been
assessed with the same tests, and the absence of disease-
causing genetic mutations. Fourteen such participants were
identified and made up the DAT-AD group.

Memory Tests

Memory tasks based on words are difficult to interpret in
aphasic patients. We therefore chose the Picture Recognition
subtest of the Rivermead Behavioral Memory Test (RBMT)
to assess nonverbal retentive memory.'> It consists of 10
pictures of common objects presented first in learning trials
and then after a 10-minute delay in a yes-no recognition phase
in which targets are mixed with 10 foils. A perfect performance
would receive a score of 20, based on 10 correct yes and 10
correct no responses. Performance is not influenced by
aphasia, and healthy older adults obtain nearly perfect
scores.'® Performance is significantly lower in those with mild
cognitive impairment and early stages of Alzheimer-type
dementias."”

In our research programs, the RBMT is given only to par-
ticipants with PPA. In the DAT-AD group, memory assess-
ment was based on the Rey Auditory Verbal Learning Test, a
test designed to measure episodic memory with verbal
items."*"” Two 15-word lists are used. Recall of the first list is
tested after a delay of =20 minutes, followed by a yes-no
recognition trial containing 15 foils. The maximum score is 15
in the delayed recall condition and 30 in the recognition phase
(1S correct yes and 15 correct no responses). Delayed recall
of words is likely to be considerably more difficult than rec-
ognition of pictures. Analyses were therefore confined to the
recognition task, which is structured identically to the RBMT
Picture Recognition subtest and is likely to offer a similar level
of difficulty.
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Language Tests

Global language performance was assessed with the Aphasia
Quotient (AQ) of the revised Western Aphasia Battery. It
offers an extensively validated measure of aphasia severity.*’
The Boston Naming Test (BNT) was used as an additional
language test. It assesses word retrieval by requiring the pa-
tient to name 60 line drawings of objects of varying famil-
iarity.”' The maximum scores are 100 in the revised Western
Aphasia Battery AQ and 60 in the BNT. Participants with
both PPA-AD and DAT-AD had BNT scores. The partici-
pants with PPA-AD also had AQ scores at all visits.

Clinical Dementia Rating Scale
The Clinical Dementia Rating (CDR)** global score was used
to assess global aspects of functionality in daily activities.

Neuropathology

Postmortem neuropathologic evaluations were available for 8
cases in the PPA-AD group and all cases of the DAT-AD
group. Sections from 25 regions from each hemisphere were
processed with the Gallyas stain, thioflavin-S, and immuno-
histochemistry with antibodies to phosphorylated tau, f-am-
yloid (Ap), phosphorylated TAR DNA-binding protein 43
(TDP-43), p62, and phosphorylated a-synuclein. Densities of
neurofibrillary tangles (NFTs), neuritic AB plaques, patho-
logic TDP-43 aggregates, and tau pathology (Pick bodies,
astrocytic plaques, tufted astrocytes, etc) were rated as absent,
mild, moderate, or severe according to standardized criteria by
experienced neuropathologists (E.H., QM. M.F.). NFT
distribution was determined by thioflavin-S and the AT8
phosphorylated tau antibody. The areas of interest for this
report included the hippocampo-entorhinal area and sections
from the middle and inferior frontal gyri, the inferior parietal
lobule, and the superior temporal gyrus. The tau and AP
markers of AD neuropathology were also classified according
to the A, B, C guidelines of the National Institute on Aging
and the Alzheimer’s Association in which the A3B3C3 pattern
indicates that AD neuropathologic changes have a high like-
lihood of being the cause of the dementia.*®

Apolipoprotein Genotyping and

Cerebrospinal Biomarkers

Apolipoprotein genotyping was done through the National
Centralized Repository for Alzheimer’s Disease and Related
Dementias. Cerebrospinal levels of APy, total tau, and
phosphorylated tau were determined commercially through
Athena Diagnostics (Marlborough, MA). The results were
interpreted as indicative of underlying AD neuropathology if
phosphorylated tau levels were >68 pg/mL and the APy, to
total tau index was <0.8.>*

Amyloid PET

Amyloid PET scans were performed on a Siemens Biograph
40 TruePoint/TrueV PET-CT system (Siemens, Munich,
Germany). A CT scan was acquired for attenuation correction
followed by a 20-minute dynamic PET acquisition S0 minutes
after administration of 370 MBq'® F-florbetapir. A board-
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certified nuclear medicine physician performed visual inter-
pretations as described in our previous publications.” This
method shows strong test-retest reliability, and in an autopsy
study, the visual reads were slightly more reliable than the
quantitative algorithms.> Individuals were considered to have
a positive scan, indicative of neuritic amyloid plaques char-
acteristic of AD, if there was increased retention of the tracer
in cortical gray matter, defined either as loss of gray-white
contrast in at least 2 cortical regions or as intense, focal uptake
in at least 1 cortical region.

Structural Imaging

Structural MRI scans were acquired with a 3.0T Siemens
scanner and were reconstructed with the FreeSurfer image
analysis suite (version 5.1) as previously described.” Cortical
thickness maps of the PPA group were statistically contrasted
against those of 35 right-handed age- and education-matched
healthy volunteers. Differences in cortical thickness between
groups were calculated by conducting a general linear model
on every vertex along the cortical surface. A relatively per-
missive false discovery rate of 0.05 was applied to adjust for
multiple comparisons and to detect areas of peak cortical
thinning (i.e., atrophy) in PPA compared to controls.*®

Statistical Methods

Data were summarized using mean and SD for the memory
and language scores. Scores were analyzed by percent change,
and the initial visit is considered to be the baseline. Differ-
ences in percentage change over time were assessed with a
linear mixed-effects model with random intercept. Differences
between language and memory scores were assessed with ¢
tests comparing the p estimates from the linear mixed-effects
model. All analyses were conducted in R version 3.5.3 (R
Foundation for Statistical Computing) and SAS 9.4 software
(SAS Institute Inc, Cary, NC).

Standard Protocol Approvals, Registrations,
and Patient Consents

The study was approved by the Institutional Review Board of
Northwestern University, and informed consent was obtained
from all participants. The study is listed on ClinicalTrials.Gov
with identifiers NCT00537004 and NCT03371706.

Data Availability
Anonymized neuropsychological, imaging, and neuropatho-
logic datasets are available to be shared by request from
qualified investigators.

Results

Sample Characteristics of the PPA-AD Group

There were 10 male and 7 female participants(table 1).
According to the 2011 classification guidelines, the PPA was
logopenic in 11 and agrammatic in S. One patient (P17) had
characteristics that could fit either designation. This distri-
bution is in keeping with the known close correlation of
logopenic PPA with AD pathology but also highlights the
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Table 1 Characteristics of the PPA-AD Group

Participant Symptom Onset-to-Test and Nonverbal Memory Test- AQ Test-Retest BNT Test-Retest
(PPA Onset age, Diagnostic Onset-to-Retest Retest Scores (Maximum Scores (Maximum Scores (Maximum
Variant) Sex vy Modality Time, y 20) 100) 60)

1(L) M 67 PM 2.5-6.5 20-18 92-58 59-19

2(L) M 60 PET 2.5-6.5 20-20 97-81 58-50

3(L) F 57 PM 8-12 20-20 93-70 54-12

4(L) F 53 PM 6-8 20-16 81-34 46-18

5(L) F 74 PM 5.5-7.5 20-17 84-78 30-11

6(G) F 55 PM 7-9 20-20 85-70 35-20

7(L) F 62 PM 3.5-5.5 18-20 93-82 50-10

8(G) M 59 PM 1.5-3.5 20-16 89-74 43-29

9(L) M 64 PET 4-6 20-20 95-90 53-45

10 (G) M 55 PET 7-9 19-14 68-24 26-8

11 (L) M 60 PM 3.5-5.5 19-20 92-45 50-9

12 (L) F 56 PET 2-4 20-17 89-86 55-38

13 (G) M 58 CSF 2.5-45 19-15 79-37 36-1

14 (G) M 47 PET 3.5-5.5 20-18 81-76 52-38

15 (L) F 62 CSF 4.5-6 20-20 89-76 55-42

16 (L) M 68 CSF 1.5-4 20-20 91-72 41-12

17 (L/G) M 53 PET 1.5-3.5 20-18 94-76 49-28

Abbreviations: AQ = Aphasia Quotient; BNT = Boston Naming Test; CSF = CSF biomarkers; G = agrammatic variant PPA; L = logopenic variant PPA; L/G = patient
fulfilling criteria for both variants; PET = amyloid PET; PM = postmortem; PPA-AD = primary progressive aphasia with Alzheimer disease.

absence of complete overlap.” The clinical characteristics of
agrammatic PPA associated with AD pathology have been
described previously.”” Age at symptom onset ranged from 47
to 74 years with a mean * SD of 59.41 £ 6.3 years. The interval
between the initial and repeat testing varied from 1.5 to 4
years with a mean = SD of 2.35 + 0.78 years. Initial testing
occurred 3.91 + 2.04 years after estimated symptom onset and
follow-up testing 6.26 * 2.21 years after symptom onset.

Sample Characteristics of the DAT-AD Group
and Comparison to PPA-AD

There were 8 male and 6 female participants, a distribution very
similar to that of the PPA-AD group (table 2). Age at symptom
onset (66.28 + 8.39 years) was greater than in the PPA-AD
group (p = 0.014). The interval between the 2 testing sessions
(1.7 £ 0.59 years) was shorter than in the PPA-AD group (p =
0.016), but reported symptom duration at first testing (4.28 +
2.18 years) was not significantly different than in the PPA-AD
group. Of particular interest to the interpretation of post-
mortem data, mean age at death was not significantly different
in the 2 groups (72 £ 6.2 vs 77 + 8.6 years, p = 0.1548). The
groups did not differ in years of education. The median CDR
score at initial testing was 0.5 for both groups, indicating that
the testing in both groups had been done at stages of very mild
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dementia, at a time when cognitive profiles are more reliably
characterized and differentiated.

Comparison of Language to Memory Changes
Over Time in PPA-AD

At initial testing, the mean RBMT memory score was 19.71 +
0.59 of a maximum score of 20 (table 1). This performance
confirms the preservation of multimodal episodic memory, a
necessary criterion for the PPA diagnosis. Initial language
assessment revealed a mean AQ score of 87.76 + 7.34 of a
maximum score of 100 and a mean object naming score of
46.59 £ 9.91 of a maximum score of 60. These values confirm
the presence of language impairment because scores in our
cognitively normal group for AQ and BNT are 99.7 + 0.7 and
58.32 + 1.8, respectively.

In 13 of the participants, the initial memory score was 20 of
20. In 6 of these participants, the score remained 20 of 20 at
retest. In 2 participants, initial scores of 19 and 18 improved to
20 of 20 at retest. The 11 logopenic participants showed no
specific differences from the S with agrammatic PPA. In this
subgroup of logopenic participants, 7 of the 11 had a perfect
score of 20 of 20 at retest. In the group of 17 as a whole, the
mean yearly decreases from baseline were 0.94% for memory,
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Table 2 Characteristics and Comparisons of the PPA-AD and DAT-AD Groups

PPA-AD (n =17)

DAT-AD (n = 14) Significance Level, p Value

Mean age at symptom onset (SD), y 59.41+6.3 66.28 + 8.39 0.014
Mean symptom duration at first testing (SD), y 3.91+2.04 4.28+2.18 0.63
Median CDR score at first testing 0.5 0.5

Test-retest interval (SD), y 2.35+0.78 1.7 £0.59 0.016
Age at death (SD), y 72+£6.2 77.14 £ 8.6 0.155
Male/female, n 10/7 8/6

Mean education (SD), y 15.94 +2.16 15.86 + 2.96 0.19

Abbreviations: CDR = Clinical Dementia Rating; DAT-AD = amnestic dementia of the Alzheimer type with Alzheimer disease; PPA-AD = primary progressive

aphasia with Alzheimer disease.

4.25% for the AQ, and 6.21% for object naming. The yearly
decreases were statistically significant for the 2 language tests
but not for the memory test. Compared to yearly declines of
memory scores, yearly declines were significantly greater for

the AQ (p = 0.042) and the BNT (p = 0.026) (table 3).

Comparison of Language to Memory Changes
Over Time in DAT-AD

At initial testing, the Rey Auditory Verbal Learning Test
delayed recall memory score was 2.14 + 3.68 of 15, confirming
the severe and salient memory loss despite the relatively mild
dementia. Seven of the 14 participants could not remember any
of the 15 words after the delay. We therefore used the recog-
nition score for the analyses. The mean recognition score was
20.93 * 4.45 of 30. The initial BNT score was 45.14 + 14.53 of
60, confirming the multimodal nature of the dementia in DAT.
The mean yearly decline was 2.15% for memory and 4.053% for
language, both statistically significant. The 2 progression rates
were not different from each other (p = 0.25) (table 3).

Structural Imaging of the Cerebral Cortex

in PPA-AD

Systematic structural imaging at each initial visit was available
only for the PPA group. Cortical thinning in PPA-AD was

more extensive in the language-dominant left hemisphere,
where it extended into all components of the language net-
work, including the temporoparietal junction, the inferior
frontal gyrus, and the lateral temporal lobe (figure). Of par-
ticular importance to this report is that significant medi-
otemporal thinning in the parahippocampal gyrus appeared to
be confined to the left hemisphere.

APOE Genotyping in PPA-AD and DAT-AD

In the PPA-AD group, S of 17 (29.4%) of the participants had
1 g4 allele, and the overall e4 allele frequency was 14.7% (table
4). All other APOE alleles were of the €3 type. In the DAT-AD
group, 8 of 13 (62%) had an &4 allele, and the overall &4 allele
frequency was 42% because 3 of the participants had the
homozygous 4,4 pattern. The &4 allele frequency in PPA-AD
was at the level reported for control populations, whereas the
frequency in DAT-AD was much higher and within the range
seen in other autopsy series on typical amnestic AD.*®

Neuropathology in the PPA-AD Group

In keeping with AD neuropathology as the principal di-
agnosis, all 8 cases with PPA-AD had maximum levels of
amyloid and tau pathology, namely A3 scores for AB plaques,
B3 scores for Braak NFT stages, and C3 scores for

Table 3 Longitudinal Change in Memory and Language

Initial Mean Score Initial Mean Score for

Change per Year in

Change Per Year in Significance of Difference in Yearly

for Memory Language Memory, % Language, % Change, p Value
PPA-AD (RBMT) (BNT) (RBMT) (BNT) 0.026
(n=17) 19.71 £ 0.59 of 20 46.59 +9.91 of 60 0.94 6.21
DAT-AD (RAVLT) (BNT) (RAVLT) (BNT) 0.25
(N =14) 20.93 + 4.45 of 30 45.14 + 14.53 of 60 2.15 4.053

Abbreviations: BNT = Boston Naming Test; DAT-AD = amnestic dementia of the Alzheimer type with Alzheimer disease; PPA-AD = primary progressive aphasia
with Alzheimer disease; RAVLT = Rey Auditory Verbal Learning Test; RBMT = Rivermead Behavioral Memory Test.
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Figure Group Atrophy Map of the 17 PPA-AD Cases at the
Time of the Initial Visit at False Discovery Rate 0.05

Yellow and red areas show regions of significant cortical thinning (atrophy)
with p values ranging from 0.01 (red) to 0.0001 (yellow). FG = fusiform gyrus;
IFG = inferior frontal gyrus; OFC = orbitofrontal cortex; PHG = para-
hippocampal gyrus; PPA-AD = primary progressive aphasia with Alzheimer
disease; T = lateral temporal cortex; TP) = temporoparietal junction.

Consortium to Establish a Registry for Alzheimer’s Disease
plaque densities (table $).>* The emphasis in this report is on
NFTs rather than amyloid because the NFT density and
distribution are more closely correlated with cognitive state.
The B3 score (corresponding to Braak stages V-VI) indicates
severe NFT pathology in neocortex and in all memory-related
parts of the medial temporal lobe, including the hippocampo-
entorhinal area. Six of the 8 cases showed pathology that was
as severe in the hippocampo-entorhinal areas as in neocortical
areas of the frontal, temporal, and parietal lobes. Two of the 8
cases (PPAl and PPAS8) were of the hippocampal-sparing
type according to the semiquantitative assessment showing
cortical NFT densities generally higher than those in the
hippocampo-entorhinal region.”” Nonetheless, even these 2
had extensive neurofibrillary degeneration in the hippocam-
pus and entorhinal cortex, at Braak stages of V to VL*°
Comparisons of the left and right hemispheres showed that
the neocortical areas of the language-dominant left hemi-
sphere contained more NFTs in 6 of the 8 cases and more
neuritic amyloid plaques in 2 of the 8. No asymmetry of
hippocampo-entorhinal pathology was reported. With respect
to coexisting pathology, 3 cases had amygdala-predominant
Lewy body disease (37.5%), 1 with additional cerebral amy-
loid angiopathy (table 4). Only 1 case (12.5%) had pathologic
TDP-43 aggregates, and they were confined to the medi-
otemporal lobe. The interval between cognitive retest and
autopsy was 3.6 + 1.6 years.

Neuropathology in the DAT-AD Group

As in the cases with PPA-AD, all 14 cases with DAT-AD
fulfilled the A3B3C3 criteria for the diagnosis of AD, in-
dicative of severe NFT pathology in neocortex and the
hippocampo-entorhinal areas (table S). Bilateral representa-
tion of tissue sections was available for the neocortex in 9 of
the cases and for the hippocampo-entorhinal region in 7.
Asymmetry of cortical NFT was detected in 3 cases, 2 favoring
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the left and 1 the right. No asymmetry of NFT was detected in
the hippocampo-entorhinal region. One of the cases (DAT2)
showed a pattern of hippocampal sparing. In 5 of the cases, the
hippocampo-entorhinal area had more NFT than cortical
areas. In the remaining 8 cases, NFT formation was as severe
in the hippocampo-entorhinal area as in neocortical regions.
Coexisting pathology was seen in the form of amygdala pre-
dominant or limbic (transitional) Lewy bodies in S cases
(35.7%) and pathologic TDP-43 aggregates confined to
mediotemporal cortexin 5 cases (36%), one of which had also
hippocampal sclerosis.

Discussion

Longitudinal change of memory and language was assessed in
31 patients with autopsy or biomarker evidence of AD neu-
ropathology, 17 with aphasic dementia (PPA-AD) and 14
with amnestic dementia (DAT-AD). In PPA-AD, the yearly
decline was significant for language but not memory. The
majority of these patients had the logopenic variant of PPA
and displayed the same pattern of memory sparing as shown
by the whole group. In DAT-AD, however, memory and
language showed equally significant yearly declines, in keep-
ing with the characterization of DAT-AD as an amnestic
multidomain dementia. These results raise 2 questions. First,
are there factors that underlie the putative resilience of
memory in PPA-AD despite the postmortem detection of
severe hippocampo-entorhinal degeneration? Second, how
can we reconcile our findings with reports of prominent
memory impairment in the logopenic variant of progressive
aphasia, a syndrome closely associated with PPA-AD'"'*2

Stroke and temporal lobectomies show that permanent im-
pairment of episodic memory occurs only when the un-
derlying mediotemporal lesion is bilateral.’' In fact, the
episodic memory impairment in DAT-AD is associated with
bilateral mediotemporal neurodegeneration.>* Preservation
of episodic memory in PPA-AD could therefore be attributed
to the unilaterality of mediotemporal degeneration suggested

Table 4 Genetics and Comorbidity

PPA-AD DAT-AD
(n=17),n/N (%) (n=14), n/N (%)
APOE
APOE e4-positive participants 5/17 (29.4) 8/13 (62)
APOE €4 allele frequency 5/34 (14.7) 11/26 (42)
Comorbidity
Pathologic TDP-43 1/8 (12.5) 5/14 (35.7)
Lewy body disease 3/8 (37.5) 5/14 (35.7)

Abbreviations: DAT-AD = amnestic dementia of the Alzheimer type with
Alzheimer disease; PPA-AD = primary progressive aphasia with Alzheimer
disease; TDP-43 = TAR DNA-binding protein 43.
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Table 5 Alzheimer Neuropathologic Change in the 8 PPA-AD and 14 DAT-AD Cases With Autopsy

Participants (Laterality of Alzheimer Pathology Cortical Asymmetry of HE Asymmetry of NFT  Comparison of HE to COR
Analyzed Slides) Grading NFT Density Density NFT Density

PPA1 (B) A3B3C3 L>R L=R HE++; COR+++
PPA3 (B) A3B3C3 L>R L=R Both+++

PPA4 (B) A3B3C3 L=R L=R Both+++

PPAS (B) A3B3C3 L=R L=R Both+++

PPAG6 (B) A3B3C3 L>R L=R Both+++

PPA7 (B) A3B3C3 L>R L=R Both+++

PPAS8 (B) A3B3C3 L>R L=R HE++/+++; COR+++
PPA11 (B) A3B3C3 L>R L=R Both+++

DAT1 (L) A3B3C3 — — HE+++; COR+/++
DAT2 (L) A3B3C3 — — HE++; COR+++
DAT3 (B) A3B3C3 L=R L=R Both+++

DAT4 (B) A3B3C3 L=R L=R HE+++; COR++/+++
DATS5 (B*) A3B3C3 L=R — HE+++; COR++
DAT6 (L) A3B3C3 — — Both+++

DAT7 (B) A3B3C3 L=R L=R Both+++

DATS (B) A3B3C3 L>R L=R Both+++

DATO (L) A3B3C3 — — Both+++

DAT10 (L) A3B3C3 — — HE+++;, COR+/++
DAT11 (B*) A3B3C3 L=R — Both+++

DAT12 (B) A3B3C3 L<R L=R HE+++; COR+/+++
DAT13 (B) A3B3C3 L=R L=R Both+++

DAT14 (B) A3B3C3 L>R L=R Both+++

Abbreviations: B = bilateral; B* = bilateral in cortex but only left side in the HE region; COR = cortical; DAT-AD = amnestic dementia of the Alzheimer type with
Alzheimer disease; HE = hippocampo-entorhinal; L = only left side; NFT = neurofibrillary tangle; PPA-AD = primary progressive aphasia with Alzheimer disease;
+ = mild; ++ = moderate; +++ = severe; — = laterality comparisons cannot be made because tissue was analyzed only from the left.

The numbering of the PPA cases corresponds to the numbering in table 1. COR areas that were examined included the middle and inferior frontal gyri,
superior temporal gyrus, and inferior parietal lobule. When the density varied from 1 cortical area to another, >1 level of severity is indicated.

by the figure. However, tau-PET imaging also shows that
cortical atrophy in AD is a lagging indicator of underlying
neurofibrillary tauopathy® so that the absence of significant
atrophy in the right mediotemporal area of PPA-AD does not
necessarily prove the underlying absence of NFTs.

This question could potentially be addressed by postmortem
analyses. For example, neocortical NFTs in PPA-AD have
been shown to be more numerous in components of the left
hemisphere language network than in homologous areas of
the right hemisphere, an asymmetry not seen in DAT-AD.**
These findings show that the clinically concordant selectivity
of NFT distribution is maintained up to the time of death. The
picture is less clear when it comes to the status of memory-
related areas. Some studies show hippocampo-entorhinal
NFTs to be as numerous in PPA-AD as in DAT-AD; others
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show that NFT's are fewer in the hippocampo-entorhinal areas
than in neocortex, in the pattern of hippocampal sparing.*>**
Even in cases that fit the hippocampal-sparing pattern,”” the
mediotemporal areas generally contain thousands of NFT per
cubic millimeter at Braak stages V and VI, and there is no
consistent lateral asymmetry suggestive of right-sided medi-
otemporal sparing.

In keeping with these findings, our cases with PPA-AD dis-
played severe and symmetric hippocampo-entorhinal neuro-
fibrillary degeneration all at Braak stages V to VI. With the
possible exception of 2 of the cases with hippocampal sparing,
the neurodegeneration within the core components of the
episodic memory network was as intense in PPA-AD as in
DAT-AD, at least as determined by semiquantitative analysis.
The relatively short interval of 3.6 £ 1.6 years between the
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second cognitive testing and death in the PPA-AD group
suggests that the NFT pattern at autopsy is unlikely to have
been very different from the pattern that existed at the second
cognitive testing, during which the mean memory score was
18.18 + 2.04 of 20.

Although tau-PET in PPA-AD has shown asymmetric left-
sided binding in a pattern that mirrors the asymmetric cortical
neurodegeneration,®®*° it has not revealed patterns of
mediotemporal binding that would differentiate PPA-AD
from DAT-AD.’ The hypothesis that memory sparing in PPA-
AD reflects asymmetric mediotemporal neurofibrillary de-
generation, while plausible, remains to be established by
longitudinal tau-PET investigations and by neuropathologic
evaluations using antibodies differentially sensitive to stages of
NEFT evolution. Although the figure shows that the structural
integrity of mediotemporal cortex, as indexed by atrophy, is
asymmetrically compromised, the bilateral neurofibrillary
degeneration at autopsy raises the need to look for additional
factors that may mediate the preservation of memory in
PPA-AD.

The frequency of APOE &4 in the PPA-AD group was within
the range of control populations, whereas that of the DAT-AD
group was more than twice as high, in keeping with the fact
that APOE €4 is a major risk factor for AD neuropathology in
DAT but not PPA.® Four of the 13 cases with DAT-AD but
none of the cases with PPA-AD also had the homozygous 4,4
pattern of APOE.

APOE has a complex relationship to neuroplasticity and
mediotemporal functionality. For example, compensatory
synaptogenesis in rodents triggers astrocytic APOE expres-
sion®%; ApoE-deficient mice display impaired reactive
synaptogensis>”*; and the €4 allele inhibits axonal and den-
dritic plasticity whereas the €3 allele has the opposite effect.>
Furthermore, neurologically intact €4 carriers have smaller
hippocampal volumes*® and show a heightened memory-
related neural activation that paradoxically predicts greater
memory decline over time.*' A study on 229 consecutive
patients with a clinical diagnosis of Alzheimer-type dementia
also showed that memory was more impaired than naming
among &4 carriers.*”

APOE &4 may therefore magnify the selective vulnerability of
the mediotemporal memory network to AD, perhaps by
undermining compensatory neuroplasticity and neural effi-
ciency. The low frequency of the €4 vs the €3 allele in PPA-AD
may therefore provide one of the factors that underlie
the heightened resilience of memory to mediotemporal

pathology.

Abnormal TDP-43 aggregates characterize forms of fronto-
temporal lobar degeneration and amyotrophic lateral scle-
rosis. However, such aggregates also exist as comorbid
features in almost 50% of cases with AD, where they are
usually confined to mediotemporal areas.** *® In a separate
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set of cases, we had reported that mediotemporal TDP-43
was less frequent in PPA-AD (1 of 16) than in DAT-AD (14
0f27).*" In the current group of cases, we also find that fewer
cases of PPA-AD (1 of 8) than DAT-AD (5 of 14) had TDP-
43 comorbidity. This comparison was not influenced by
differing ages of death, which is an important correlate of
mediotemporal TDP-43.*” The co-occurrence of TDP-43 is
typical in AD and exacerbates memory loss and medi-
otemporal atrophy.*® These effects are not mediated by
hippocampal sclerosis. Mediotemporal TDP-43 is also as-
sociated with worse age-related episodic memory changes
and accounts for nearly as much of cognitive decline as the
NFET.*®* The lesser frequency of TDP-43 comorbidity may
therefore be another factor that makes memory more re-
silient to mediotemporal neurodegeneration in PPA-AD
compared to DAT-AD.

One notable study reported that patients with logopenic
progressive aphasia (LPA) had verbal and nonverbal mem-
ory deficits that were as severe as those in typical AD and
conclude that LPA is an amnestic syndrome.'"> The LPA
diagnosis in that study was said to have followed the 2011
Gorno-Tempini et al."® guidelines for logopenic variant of
PPA, a syndrome closely associated with AD. One possible
explanation for this discrepancy revolves around the appli-
cation of the 2011 classification guidelines. As indicated in
table 1 of that article, memory impairment is an exclusionary
criterion for PPA."" Table 4, listing the criteria for log-
openic variant PPA, is therefore valid only if the PPA diagnosis
had first been established based on table 1. It is quite likely that
some investigations have based the diagnosis of LPA exclusively
on table 4 of the 2011 Gorno-Tempini et al.'> guidelines in
patients who do not necessarily fulfill the PPA criteria. So, the
LPA term could be accurate in a descriptive sense but might not
correspond to the syndromic designation of logopenic variant
PPA. In that generic sense, LPA without PPA would be a most
common correlate of typical dementias of AD as shown by the
additional naming impairment in our DAT-AD group. This
potential terminological conflation may also have influenced
meta-analyses that find both verbal and nonverbal memory
impairments in logopenic PPA."" It is therefore essential to
ascertain that the specifications of table 1 have been met before
applying the criteria listed in table 4 of the 2011 consensus
guidelines for the classification of PPA."

When diagnosed rigorously, the PPA caused by AD consti-
tutes a unique nosologic entity with distinctive anatomic
vulnerabilities, genetic risk factors, and neuropathologic
comorbid conditions that distinguish it from typical demen-
tias of AD. The relationship of NFT's to cognition is not linear.
There is a long presymptomatic phase when NFTs accumu-
late without overt clinical manifestations. There are also
substantial interindividual differences in the resistance to the
emergence of NFT's and resilience to their impact on cogni-
tion.*” It is quite likely that numerous constitutional and ex-
periential factors compete in tilting the balance toward
degeneration vs neuroplasticity during the lengthy cascade of
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neurodegeneration associated with AD. Some of these factors
may lead to asymmetric vulnerability to degeneration; others
may underlie reserves that buffer the effects of AD neuropa-
thology; others such as APOE €4 may decrease the neuro-
plasticity potential of limbic networks; and still others such as
TDP-43 may exacerbate the pathologic effects of the NFT on
memory function. The PPA-AD syndrome offers unique op-
portunities for exploring the biological foundations of these
phenomena that interactively modulate the effect of AD
neuropathology on cognitive function.
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