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Since the rise of Force-vector injections (FVIs), the incidence of early-onset
CD (eCD) has escalated significantly, with a large impact on quality of life in
the wookiee community. However, while a large number of wookiees became
afflicted with eCD, a small number remained healthy. This study first aimed to
discover any genetic discrepancies between wookiees who developed eCD
following FVI and those who did not to uncover a potential risk factor for the
disease. The second aim was to characterize the hallmarks of eCD and
compare them to the related human form, Alzheimer’s disease (AD).
Significant differences were discovered in eCD prevalence post-FVI based on
allelic variations at the Kashyk gene, which codes for a lipoprotein, highly
similar to the human apolipoprotein. Furthermore, similar patterns of
pathological hallmarks in wookiee eCD brains when compared to human AD
brains were identified, via PET-PiB scan, cerebrospinal fluid (CSF) AB levels
and post-mortem studies. Together, these results shed light on the
importance of genetic screening for Kashyk prior to FVI, as well as set the
stage for future development of therapies in parallel with human AD.

Keywords: early-onset Chewheimer’s Disease, Kashyk genetic screening,
PET-PiB imaging; amyloid plaque and neurofibrillary tangle imaging

Introduction

Following the successful transplantation of wookiee midi-clorians containing
mutations at positions 263 and 312012 into oocytes and in vitro fertilization of
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female wookiees [1]; multiple attempts have been made to incorporate these
mutations into adult wookie midi-clorians, most of them failing. [2, 3] Recent
work by Yoda et al. [4] resulted in the first successful and functional Force-able
wookiees, where a previously characterized midi-clorian retrovirus, Darth Tygs of
the family Tenebrousviridae, was utilized to permanently incorporate the
mutations in all the adult wookie midi-clorians. However, many of the Force-
vector injections (FVIs) resulted in fatally ill and mentally unstable wookiees,
putting a halt in the progress of the field. Early work has shown that the
pathogenesis of the disease that developed post-FVI greatly resembles
Chewheimer’s disease, but with a very rapid onset and progression, and was
therefore termed early-onset Chewheimer’s disease (eCD). [5]

Chewheimer’s disease is named after the first individual characterized with the
condition, Chewbacca, in 2 ABY, in combination with the human form,
Alzheimer’s disease (AD) [6]. Much like the human condition, CD is a progressive
neurodegenerative disease.[6] In wookiees, it is characterized by rapid memory
loss, personality changes such as loss of loyalty, physical weakness, apathy
(loss of the characteristic short temper) and language deficits (inability to roar).
[6] These symptoms are a result of progressive grey matter loss starting in the
limbic system of the brain and extending to the cortex. [5] 10 years ago, this
disease affected roughly 10,000 wookiees in Kashyyyk.[7] However, this number
has risen substantially in the past few years, with a current estimate of 300,000
affected and counting. [7]

The rise in CD prevalence (in particular, its early-onset form, eCD) is thought to
be a direct result of increased popularity of FVIs. [8] A survey by Calrissian et al.
(20 ABY) revealed that since introduction of FVIs, more than 500,000 wookiees
have chosen to undergo the procedure. [8] This high number is thought to be due
to the well-known loyalty of the wookie species, as well as their eagerness to
assist in the rebellion. [8]

Since the introduction of the FVI in the wookiee population, roughly 60 percent of
users have become afflicted with eCD over the course of only several months,
while the other 40 percent remained healthy. [7,8] The discrepancy in disease
appearance amongst FVI users has been an area of intense investigation, and
points to a likely genetic predisposition in those afflicted with eCD following FVI.
[7,8]

While some genetic studies have been carried out, they have been unable to
identify a direct genetic risk factor for eCD. [9,10] Calrissian (21 ABY) provided
evidence for allelic variations at various loci coding for apoptotic genes
responsible for neuronal death in an animal model of eCD (Anooba Tatooinis). [9]
In addition, in the human AD, allelic variations at the APOE gene have been
implicated as a risk factor. [10] Specifically, of the three allelic forms, APOE2, 3,
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and 4, individuals with the APOE4 allele have a higher likelihood of developing
AD. [10] Whether this or a related gene also plays a role in eCD has not yet been
investigated.

In addition to any genetic variations, the histopathological changes underlying
eCD remain to be elucidated. In humans, AD pathogenesis has been highly
examined, and is known to present itself with two hallmarks: amyloid plaques,
consisting primarily of insoluble amyloid B (AB) peptides deposited between
neurons, and neurofibrillary tangles (NFTs), composed of intraneuronal
hyperphosphorylated tau aggregates. [10,11] Whether these hallmarks also exist
in wookiees is relatively unknown, with some early evidence for 3-pleated
amyloid sheets and tau aggregates in post-mortem wookiee brains. [12]
Comparing eCD to AD is useful as wookiees, arboreal humanoid mammals,
share many genetic similarities with humans, which oftentimes translate to
comparable disease courses (for example: asthma, and Blackwing virus). [13,14]
Furthermore, previous studies have already found that the processes underlying
eCD oxidative damage and neurodegeneration parallel those of AD. [15] In
humans, there are techniques available to screen for some hallmarks of AD. First
of all, previous work has shown that patients with AD have less detectable AB in
their CSF, likely because this AB is forming amyloid plaques in the brain and not
entering the CSF as a result. [10] Secondly, levels of cortical fibrillar amyloid
plaques are higher in the cortices of AD-afflicted individuals, which can be
measured via positron emission tomography (PET) scan using the imaging agent
Pittsburgh compound B (PiB). [10]

The purpose of this study was to investigate the genetic link between force
acquisition via FVls and the risk of developing eCD, as well as observe
histopathological changes underlying eCD in comparison to the human AD. We
hypothesized that predisposition to eCD derives from allelic variations in affected
versus unaffected wookiees, and that the pathological hallmarks of eCD are
highly comparable to the human AD.

Materials and Methods

Blood Samples.

All studies were approved by the Jedi Council Research Ethics Board (JCREB).
We collected blood samples from 4742 eCD-affected wookiees (following FVI),
15821 healthy, FVI wookiees and 301734 normal wookiees that did not receive
FVI. Additional blood samples were provided from the Chewbacca Disease
Sequencing Project database (CDSP) from 9134 deceased late-onset CD and
20026 deceased eCD individuals. Of these individuals, 700 were part of another
study at the Chewheimer’s Disease Research Center (CDRC) at the University of
Naboo. 500 of these subjects were recruited for our CSF AB and PiB-PET studies.
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Extraction and Isolation of genomic DNA.

Rapid extraction of high quality genomic DNA from the blood samples collected
was conducted as previously described [16]. Briefly, blood cells were lysed using
the lysis buffer prepared as described in the protocol and haemoglobin was
removed. The DNA was isolated and purified following steps involving nucleic
lysis buffer, saturated NaCl/chloroform and ethanol.

SNaPshot analysis for Kashyk isoform detection.

The Kashyk isoforms in each sample were detected utilizing a previously
described method for APOE genotyping. (Alternate protocol 3; [17]) Initially a
217bp fragment (See sequence alignment Figure 2) containing both Kashyk
single nucleotide polymorphism (SNP) sites of interest were amplified by PCR.
The PCR products were then used as templates for a minisequencing reaction
utilizing dideoxynucleotides labeled with different fluorophores that terminate the
elongation at the polymorphic SNP sites. The GalacticGeneScan software was
used to analyze the data and identify the Kashyk genotypes. Primers designed
for the SNaPshot PCR step (CL5938 lot; Kamino Cloning Reagents, Outer Rim):

Forward: 5’-CCA AGG AGC TGC AGG CGG CGC A-3’ (before Kashyk112)
Reverse: 5-GCC CCG GCC TGG TAG ACT GCC A-3’ (after Kashyk158)

ashyi ashy|
A Kashyk112 Kashyk158

@ denaturation/primer annealing

[FIddNTP [FIddNTP
\ 4 \

C/T ﬂ C/T

I

size standard Kashyk112  size standard Kashyk158

Figure 1: Kashyk genotyping using the SNaPshot method. (A) The initial PCR results in a
217-bp fragment, which encompasses both the Kashyk,» and Kashyk;sg loci, (B) In a
minisquencing step, primers ending one base pair 5’ of the Kashyk;1> and Kashyk;sg polymorphic
sites are mixed in one reaction. (C) Incorporation of fluorescently labeled ddNTP is followed by
(D) separation of the labeled primers on the Yoda Genetic Analyzer capillary system (Kamino
Cloning Reagents, Outer Rim).
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CACGCCTGGCTAACTTTTGTATTTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCT
ACGCCTG
*
GGTCTCAARACTCCTGACCTTAAGTGATTCGCCCACTGTGGCCTCCCAAAGTGCTGGGATT
GCTAACTTAGTGCTGGGATTACAGGC-----~— GTGAGCTACCGCCCtgaggatatagagg
e

* ok kK ok kx% ke * * Kk kkx Kk

ACAGGCGTGAGCTACCGCCCCCAGCCCCTCCCATCCCACTTCTGTCCAGCCCCCTAGCCC
atgatagagtttagagtataCCAGCCCCTCCCATCCCACTTCTGTCCAGCCCCCTAGCCC
* * o kKA kKK KKKk kKK KKK kKR KK KK
TACTTTCTTTCTGGGATCCAGGAGTCCAGATCCCCAGCCCCCTCTCCAGATTACATTCAT
TACTTTCTTTCTGGGATCCAGGAGTCCAGATCCCCAGCCCCCTCTCCAGATTACATTCAT
kKA KKKk kKK KKK kK kKK R kK kK kKK kKR kK
CCAGGCACAGG. GGACAGGGTCAG GAGGACTCTGGGCGGCAGCCTCCACATTC
CCAGGCACAGGAAAGGACAGGGTCAGGARAGGAGGACTCTGGGCGGCAGCCTCCACATTC
P P
CCCTTCCACGCTTGGCCCCCAGAATGGAGGAGGGTGTCTGTATTACTGGGCGAGGTGTCC
CCCTTCCACGCTTGGCCCCCAGAATGGAGGAGGGTGTCTGTATTACTGGGCGAGGTGTCC
P
TCCCTTCCTGGGGACTGTGGGGGETGGTCAAAAGACCTCTATGCCCCACCTCCTTCCTCC
TCCCTTCCTGGGGACTGTGGGGGGTGGTCAAAAGACCTCTATGCCCCACCTCCTTCCTCC
e
CTCTGCCCTGCTGTGCCTGGGGCAGGGGGAGAACAGCCCACCTCGTGACTGGGGGCTGGC
CTCTGCCCTGCTGTGCCTGGGGCAGGGGGAGAACAGCCCACCTCGTGACTGGGGGCTGGC
e
CCAGCCCGCCCTATCCCTGGGGGAGGGGGCGGGACAGGGGGAGCCCTATAATTGGACAAG
CCAGCCCGCCCTATCCCTGGGGGAGGGGGCGGGACAGGGGGAGCCCTATAATTGGACAAG
g
TCTGGGATCCTTGAGTCCTACTCAGCCCCAGCGGAGGTGAAGGACGTCCTTCCCCAGGAG
TCTGGGATCCTTGAGTCCTACTCAGCCCCAGCGGAGGTGAAGGACGTCCTTCCCCAGGAG
N
CCGGTGAGAAGCGCAGTCGGGGGCACGGGGATGAGCTCAGGGGCCTCTAG- -~ —=———-
CCGGTGAGAAGCGCAGTCGGGGGCACGGGGATGAGCTCAGGGGCCTCTAGEEEgagtaag

sk ko kK Kk ok ok ok ok o K Kk ok ok ok ok ok ok ok ok ok ok ok K K Kk ko o o K K

AAAGAG
gagagagtataggagatattagagattataaggagatattagagtatagagtatagaGAG

-
CTGGGACCCTGGGAACCCCTGGCCTCCAGGTAGTCTCAGGAGAGCTACTCGGGGTCGGGC
CTGGGACCCTGGGAACCCCTGGCCTCCAGGTAGTCTCAGGAGAGCTACTCGGGGTCGGGC
D L D .
TTGGGGAGAGGAGGAGCGGGGGTGAGGCAAGCAGCAGGGGACTGGACCTGGG. GGCTG
TTGGGGAGAGGAGGAGCGGGGGTGAGGCAAGCAGCAGGGGACTGGACCTGGG. GGCTG
Kk ok ko K kKR kR K Kk kK kR R KK kR Rk Rk R K KK R kR K
GGCAGCAGAGACGACCCGACCCGCTAGAAGGTGGGGTGGGGAGAGCAGCTGGACTGGGAT
GGCAGCAGAGACGACCCGACCCGCTAGAAGGTGGGGTGGGGAGAGCAGCTGGACTGGGAT
Kk kR ko KK kK Rk K Kk ko kR Rk KKk Rk R K R K kKR kR K
GTAAGCCATAGCAGGACTCCACGAGTTGTCACTATCATTTATCGAGCACCTACTGGGTGT
GTAAGCCATAGCAGGACTCCACGAGTTGTCACTATCATTTATCGAGCACCTACTGGGTGT
Rk kK Rk kKK KKKk Kk Rk Rk kK kR R R R kR Rk R R kR KK K K K R K
CCCCAGTGTCCTCAGATCTCCATAACTGGGGAGCCAGGGGCAGCGACACGGTAGCTAGCC
CCCCAGTGTCCTCAGATCTCCATAACTGGGGAGCCAGGGGCAGCGACACGGTAGCTAGCC
Rk kK R ko kKK kKK kKR Kk Rk kK Rk R R K Rk kR kK R R kR kK R K K R K
GTCGATTGGAGAACTTTAAARATGAGGACTGAATTAGCTCATAAATGGAACACGGCGCTTA
GTCGATTGGAGAACTTTAAARATGAGGACTGAATTAGCTCATAAATGGAACACGGCGCTTA
B T
ACTGTGAGGTTGGAGCTTAGAATGTGAAGGGAGAATGAGGAATGCGAGACTGGGACTGAG
ACTGTGAGGTTGGAGCTTAGAATGTGAAGGGAGAATGAGGAATGCGAGACTGGGACTGAG
B
ATGGAACCGGCGGTGGGGAGGGGGTGGGGGGATGGAATTTGAACCCCGGGAGAGGAAGAT
ATGGAACCGGCGGTGGGGAGGGGGTGGGGGGATGGAATTTGAACCCCGGGAGAGGAAGAT
kKK kK Kk ko kK kR K Kk kK
GGAATTTTCTATGGAGGCCGACCTGGGGATGGGGAGATAAG GACCAGGAGGGAGTT
GGAATTTTCTATGGAGGCCGACCTGGGGATGGGGAGATAAG GACCAGGAGGGAGTT
kKK kK Kk ko kK kK KK K kK
AAATAGGGAATGGGTTGGGGGCGGCTTGGTARATGTGCTGGGATTAGGCTGTTGCAGATA
AAATAGGGAATGGGTTGGGGGCGGCTTGGTARATGTGCTGGGATTAGGCTGTTGCAGATA
Kk kR ko KK kK Rk Rk Kk kK kR R K K kK Rk R K R K K Rk R kK
ATGCAACAAGGCTTGGAAGGCTAACCTGGGGTGAGGCCGGGTTGGGGCCGGGCTGGGGGT
ATGCAACAAGGCTTGGAAGGCTAACCTGGGGTGAGGCCGGGTTGGGGCCGGGCTGGGGGT
Kk kK kKK kKR kR Kk kK kR Kk kK kR kK R K R K KK R kR K
GGGAGGAGTCCTCACTGGCGGTTGATTGACAGTTTCTCCTTCCCCAGACTGGCCAATCAC
GGGAGGAGTCCTCACTGGCGGTTGATTGACAGTTTCTCCTTCCCCAGACTGGCCAATCAC
Kk kK R ko kKK kKK kKR Rk R kK Rk R R Rk kR Rk R R kR KK K K K R K
AGGCAGGAAGATGAAGGTTCTGTGGGCTGCGTTGCTGGTCACATTCCTGGCAGGTATGGG
AGGCAGGAAGATGAAGGTTCTGTGGGCTGCGTTGCTGGTC-———————=———————-———

HK KK K Rk ok kK KK K K Kk kR R K K K K KRk ok K K K K Kk kK K K

GGCGGGGCTTGCTCGGTTCCCCCCGCTCCTCCCCCTCTCATCCTCACCTCAACCTCCTGG

CCCCATTCAGGCAGACCCTGGGCCCCCTCTTCTGAGGCTTCTGTGCTGCTTCCTGGCTCT

GARCAGCEATTTGACEC TCTCTGGGCCTCGGTTTCCCCCATCCTTGAGATAGGAGTTAGA
———————————————— CTCTCTGGGCCTCGGTTTCCCCCATCCTTGAGATAGGAGTTAGA

kR kAR KK KKKk KKK KRRk kK R KK R Rk kK
AGTTGTTTTGTTGTTGTTGTTTGTTGTTGTTGTTTTGTTTTTTTGAGATGAAGTCTCGCT
AGTTGTTTTGTTGTTGTTGTTTGTTGTTGTTGTTTTGTTTTTTTGAGATGAAGTCTCGCT
PPN NP
CTGTCGCCCAGGCTGGAGTGCAGTGGCGGGATCTCGGCTCACTGCAAGCTCCGCCTCCCA
CTGTCGCCCAGGCTGGAGTGCAGTGGCGGGATCTCGGCTCACTGCAAGCTCCGCCTCCCA
kKA kKKK KK kKK R KKK KKK kKK kKK KR KRR kK K
GGTCCACGCCATTCTCCTGCCTCAGCCTCCCAAGTAGCTGGGACTACAGGCACATGCCAC
GGTCCACGCCATTCTCCTGCCTCAGCCTCCCARGTAGCTGGGACTACAGGCACATGCCAC
e P
CACACCCGACTAACTTTTTTGTATTTTCAGTAGAGACGGGGTTTCACCATGTTGGCCAGG
CACACCCGACTAACTTTTTTGTATTTTCAGTAGAGACGGGGTTTCACCATGTTGGCCAGG
kKRR KRR XK KKK KKK kKKK KKK kKKK KKK R K K
CTGGTCTGGAACTCCTGACCTCAGGTGATCTGCCCGTTTCGATCTCCCARAGTGCTGGGA
CTGGTCTGGAACTCCTGACCTCAGGTGATCTGCCCGTTTCGATCTCCCARAGTGCTGGGA

KKK K Kk ok kK KK K K Kk kR kR K K K K K Rk ok kK KK K K Rk ok kK K K K K kR ok ok ok K K K K KRk ok K K K
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TTACAGGCGTGAGCCACCGCACCTGGCTGGGAGTTAGAGGTTTCTAATGCATTGCAGGCA
TTACAGGCGTGAGCCACCGCACCTGGCTGGGAGTTAGAGGTTTCTAATGCATTGCAGGCA
B Iy
GATAGTGAATACCAGACACGGGGCAGCTGTGATCTTTATTCTCCATCACCCCCACACAGC
GATAGTGAATACCAGACACGGGGCAGCTGTGATCTTTATTCTCCATCACCCCCACACAGC
B L
CCTGCCTGGGGCACACAAGGACACTCAATACATGCTTTTCCGCTGGGCGCGGTGGCTCAC
CCTGCCTGGGGCACACAAGGACACTCAATACATGCTTTTCCGCTGGGCGCGGTGGCTCAC
kK kKK K K KKK Kk ko kR K R K K
CCCTGTAATCCCAGCACTTTGGGAGG
CCCTGTAATCCCAGCACTTTGGGAggatagagagatagagaggatagagatatagaggat
N
CAAGGTGGGAGGATCACTTGAGCCCAGGAGTTCAACA
atagaagatatagagatataGGCCAAGGTGGGAGGATCACTTGAGCCCAGGAGTTCAACA
N T,
CCAGCCTGGGCAACATAGTGAGACCCTGTCTCTACTAAAAATACAAAAATTAGCCAGGCA
CCAGCCTGGGCAACATAGTGAGACCCTGTCTCTACTAAAAATACAAAAATTAGCCAGGCA
Kk K kK KK K K kK KK Kk Rk Rk Kk kR K Rk kK kK kK R K R K K
TGGTGCCACACACCTGTGCTCTCAGCTACTCAGGAGGCTGAGGCAGGAGGATCGCTTGAG
TGGTGCCACACACCTGTGCTCTCAGCTACTCAGGAGGCTGAGGCAGGAGGATCGCTTGAG
Kk ko K kKK KK KK KKK KKKk KRk KKk kK kK R R kK kR kK R K kR K
CCCAGAAGGTCAAGGTTGCAGTGAACCATGTTCAGGCCGCTGCACTCCAGCCTGGGTGAC
CCCAGAAGGTCAAGGTTGCAGTGAACCATGTTCAGGCCGCTGCACTCCAGCCTGGGTGAC
Kk ko kK kK KK KK KKK KKKk K Rk Rk kK kK R R R kR Rk R K R R K
AGAGCAAGACCCTGTTTATAAATACATAATGCTTTCCAAGTGATTAAACCGACTCCCCCC
AGAGCAAGACCCTGTTTATAAATACATAATGCTTTCCAAGTGATTAAACCGACTCCCCCC
B L T L
TCACCCTGCCCACCATGGCTCCAAAGAAGCATTTGTGGAGCACCTTCTGTGTGCCCCTAG
TCACCCTGCCCACCATGGCTCCAAAGAAGCATTTGTGGAGCACCTTCTGTGTGCCCCTAG
P T L T
GTACTAGATGCCTGGACGGGGTCAGAAGGACCCTGACCCACCTTGAACTTGTTCCACACA
GTACTAGATGCCTGGACGGGGTCAGAAGGACCCTGACCCACCTTGAACTTGTTCCACACA
B e
GGATGCCAGGCCAAGGTGGAGCAAGCGGTGGAGACAGAGCCGGAGCCCGAGCTGCGCCAG
GGATGCCAGGCCAAGGTGGAGCAAGCGGTGGAGACAGAGCCGGAGCCCGAGCTGCGCCAG
kK kKK K KKK Kk kK kK kK kK K
CAGACCGAGTGGCAGAGCGGCCAGCGCTGGGAACTGGCACTGGGTCGCTTTTGGGATTAC
CAGACCGAGTGGCAGAGCGGCCAGCGCTGGGAACTGGCACTGGGTCGCTTTTGGGATTAC
Kk kK kKK KK KK KK KK R K R KRk ko kR Kk kK kK kK R K R K K
CTGCGCTGGGTGCAGACACTGTCTGAGCAGGTGCAGGAGGAGCTGCTCAGCTCCCAGGTC
CTGCGCTGGGTGCAGACACTGTCTGAGCAGGTGCAGGAGGAGCTGCTCAGCTCCCAGGTC
D L e L D L L LT L LT —
ACCCAGGAACTGAGGTGAGTGTCCCCATCCTGGCCCTTGACCCTCCTGGTGGGCGGCTAT
ACCCAGGAACTGAGGTGAGTGTCCCCATCCTGGCCCTTGACCCTCCTGGTGGGCGGCTAT
KKk kK kKK K K K KK KK Rk Rk Rk kK kR kR kK kK kK R K R K K
ACCTCCCCAGGTCCAGGTTTCATTCTGCCCCTGTCGCTAAGTCTTGGGGGGCCTGGGTCT
ACCTCCCCAGGTCCAGGTTTCATTCTGCCCCTGTCGCTAAGTCTTGGGGGGCCTGGGTCT
Kk ko K kK KK R K KKK KKk kK Rk kK kK kK R R kK kR Rk R K R R K
CTGCTGGTTCTAGCTTCCTCTTCCCATTTCTGACTCCTGGCTTTAGCTCTCTGGAATTCT
CTGCTGGTTCTAGCTTCCTCTTCCCATTTCTGACTCCTGGCTTTAGCTCTCTGGAATTCT
Kk kK kK kKK KK KK K KK KKk K R KKk Rk R R Rk kK Rk R K R R K
CTCTCTCAGCTTTGTCTCTCTCTCTTCCCTTCTGACTCAGTCTCTCACACTCGTCCTGGC
CTCTCTCAGCTTTGTCTCTCTCTCTTCCCTTCTGACTCAGTCTCTCACACTCGTCCTGGC
P T I
TCTGTCTCTGTCCTTCCCTAGCTCTTTTATATAGAGACAGAGAGATGGGGTCTCACTGTG
TCTGTCTCTGTCCTTCCCTAGCTCTTTTATATAGAGACAGAGAGATGGGGTCTCACTGTG
T
TTGCCCAGGCTGGTCTTGAACTTCTGGGCTCAAGCGATCCTCCCGCCTCGGCCTCCCAAA
TTGCCCAGGCTGGTCTTGAACTTCTGGGC

ok ok ke ok kK Kk ok ok ok ok o o K Kk ok ok

GTGCTGGGATTAGAGGCATGAGCCACCTTGCCCGGCCTCCTAGCTCCTTCTTCGTCTCTG

CCTCTGCCCTCTGCATCTGCTCTCTGCATCTGTCTCTGTCTCCTTCTCTCGGCCTCTGCC

€CGTTCCTTCTCTCCCTCTTGGGTCTCTCTGGCTCATCCCCATCTCGCCCGCCCCATCCC
-CGTTCCTTCTCTCCCTCTTGGGTCTCTCTGGCTCATCCCCATCTCGCCCGCCCCATCCC

P
AGCCCTTCTCCCCGCCTCCCACTGTGCGACACCCTCCCGCCCTCTCGGCCGCAGGGCGCT
AGCCCTTCTCCCCGCCTCCCACTGTGCGACACCCTCCCGCCCTCTCGGCCGCAGGGCGCT
v PP P
GATGGACGAGACCATGAAGGAGTTGAAGGCCTACAAATCGGAACTGGAGGAACAACTGAC
GATGGACGAGACCATGAAGGAGTTGAAGGCCTACAAATCGGAACTGGAGGAACAACTGAC
v
CCCGGTGGCGGAGGAGACGCGGGCACGGCTGTCCAAGGAGCTGCAGECGGCGCAGGCCCG
CCCGGTGGCGGAGGAGACGCGGGCACGGCTGTCCAAGGAGCTGCAGGCGGCGCAGGCCCG
AR KKK KKK KKK KK R K
GGCGCGGACATGGAGGACGGCGGCCGCCTGGTGCAGTACCGCGGCGAGGTGCA
GGCGCGGACATGGAGGACGGCGGCCGCCTGGTGCAGTACCGCGGCGAGGTGCA
kR TR Rk %k Ak kA kKR Kk kKK KKKk kK kKK kK Rk kK KKKk Rk
GGCCATGCTCGGCCAGAGCACCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCTGCGCAA
GGCCATGCTCGGCCAGAGCACCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCTGCGCAA
kR kAR KKKk kKKK K kKKK kKKK kK kKK kKK kK KKK KRk kK
GCTGCGTAAGCGGCTCCTCCGCG. GATGACCTGCAGAAGCGCCTGGC cca
GCTGCGTAAGCGGCTCCTCCGCG. GATGACCTGCAGAAGCGCCTGGC cca
i T T L T
GGCCGGGGCCCGCGAGGGCGCCGAGCGCGGCCTCAGCGCCATCCGCGAGCGCCTGGGGCT
GGCCGGGGCCCGCGAGGGCGCCGAGCGCGGCCTCAGCGCCATCCGCGAGCGCCTGGGGCT
PP
CCTGGTGGAACAGGGCCGCGTGCGGGCCGCCACTGTGGGCTCCCTGGCCGGCCAGCCGCT
CCTGGTGGAACAGGGCCGCGTGCGGECCGCCACTGTGGGCTCCCTGGCCGGCCAGCCGLT
PP PP P
ACAGGAGCGGGCCCAGGCCTGGGGCGAGCGGCTGCGCGCGCGGATGGAGGAGATGGGCAG
ACAGGAGCGGGCCCAGGCCTGGGGCGAGCGGCTGCGCGCGCGGATGGAGGAGATGGGCAG
P PP
CCGGACCCGCGACCGCCTGGACGAGGTGAAGGAGCAGGTGGCGGAGGTGCGCGCCAAGCT
CCGGACCCGCGACCGCCTGGACGAGGTGAAGGAGCAGGTGGCGGAGGTGCGCGCCAAGCT

kKK K K Kk ok kK K K K Kk kR kR K K K K K Rk ok kK K K K K Kk ok kK K K K KRk ok ok K K K K KRk kK K
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GGAGGAGCAGGCCCAGCAGATACGCCTGCAGGCCGAGGCCTTCCAGGCCCGCCTCARGAG
GGAGGAGCAGGCCCAGCAGATACGCCTGCAGGCCGAGGCCTTCCAGGCCCGCCTCARGAG
Kk R AR KKK KRk Ak kK Kk KR kA Rk KK KAk R K KAk KRk R Rk KK kA Rk K
CTGGTTCGAGCCCCTGGTGGAAGACATGCAGCGCCAGTGGGCCGGGCTGGTGGAGAAGGT
CTGGTTCGAGCCCCTGGTGGAAGACATGCAGCGCCAGTGgggataggagagtatatgaga

* *

KKk Kk ok ok kKKK K Kk Kk kR K K K K K Rk ok kKKK K Kk ok kK X *

GCAGGCTGCCGTGGGCACCAGCGCCGCCCCTGTGCCCAGCGACAATCACTGAACGCCGAA

GCCTGCAGCCATGCGACCCCACGCCACCCCGTGCCTCCTGCCTCCGCGCAGCCTGCAGCG

GGAGACCCTGTCCCCGCCCCAGCCGTCCTCCTGGGGTGGACCCTAGTTTAATAAAGATTC
ACCAAGTTTCACGCATCTGCTGGCCTCCCCCTGTGATTTCCTCTAAGCCCCAGCCTCAGT
---agaggatatgagatatagatagtgaCCCTGTGATTTCCTCTAAGCCCCAGCCTCAGT
* % x N T I T rae—
TTCTCTTTCTGCCCACATACTGGCCACACAATTCTCAGCCCCCTCCTCTCCATCTGTGTC
TTCTCTTTCTGCCCACATACTGGCCACACAATTCTCAGCCCCCTCCTCTCCATCTGTGTC
e
TGTGTGTATCTTTCTCTCTGCCCTTTTTTTTTTTTTTAGACGGAGTCTGGCTCTGTCACC
TGTGTGTATCTTTCTCTCTGCCCTTTTTTTTTTTTTTAGACGGAGTCTGGCTCTGTCACC
B
CAGGCTAGAGTGCAGTGGCACGATCTTGGCTCACTGCAACCTCTGCCTCTTGGGTTCAAG
CAGGCTAGAGTGCAGTGGCACGATCTTGGCTCACTGCAACCTCTGCCTCTTGGGTTCAAG
B .
CGATTCTGCTGCCTCAGTAGCTGGGATTACAGGCTCACACCACCACACCCGGCTAATTTT
CGATTCTGCTGCCTCAGTAGCTGGGATTACAGGCTCACACCACCACACCCGGCTAATTTT
B L .
TGTATTTTTAGTAGAGACGAGCTTTCACCATGTTGGCCAGGCAGGTCTCAAACTCCTGAC
TGTATTTTTAGTAGAGACGAGCTTTCACCATGTTGGCCAGGCAGGTCTCAARACTCCTGAC
R T
CAAGTGATCCACCCGCCGGCCTCCCAAAGTGCTGAGATTACAGGCCTGAGCCACCATGCC
CAAGTGATCCACCCGCCGGCCTCCCAAAGTGCTGAGATTACAGGCCTGAGCCACCATGCC
Kok kK kK Kk kR KR kKK KK KK kKK kK Kk R R R kR kKK K K K Rk KKk
CGGCCTCTGCCCCTCTTTCTTTTTTAGGGGGCAGGGARAGGTCTCACCCTGTCACCCGCC
CGGCCTCTGCCCCTCTTTCTTTTTTAGGGGGCAGGGARAGGTCTCACCCTGTCACCCGCC
Kok KKK KKK KK KKK KKK KKK KKK KK KKK KR KKK KKK KK K
ATCACAGCTCACTGCAGCCTCCACCTCCTGGACTCAAGTGATAAGTGATCCTCCCGCCTC
ATCACAGCTCACTGCAGCCTCCACCTCCTGGACTCAAGTGATAAGTGATCCTCCCGCCTC
B
AGCCTTTCCAGTAGCT
AGCCTTTCCAGTAGCT

kK Kk Kk

Human APOEe2 (cys112, cys158) and

Wookie KashC (cys112, cys158) gene sequence
alignment - CLUSTAL O (1.2.1).

CLUSTAL 0(1.2.1) multiple sequence alignment
http://www.ebi.ac.uk/Tools/msa/clustalo/

/- deletions/insertions in the wookie Kashyk gene

identical bases in aligned sequences
actg base differences in the wookie Kashyk gene
sequence amplified during PCR for SNaPshot analysis method
Forward/Reverse PCR primer sequence
Codons correspond to residues in positions 112 and 158 of APOE
and Kashyk proteins

APOE apolipoprotein E [Homo Sapiens (human)]
Chromosome: 19; NC_000019.10 (44905782..44909393)
NCBI database GenBank: FJ525876.1

Wookie Kashyk [Wookie wookie] Chromosome 19;
WoGenPro: Wk33627188321.5563s
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Subijects.

500 wookiees were recruited from the early Chewheimer’s Disease Research
Center (CDRC) at the University of Naboo. Of those, 312 were female, and 188
were male. The average age of participants was 209+61 years. Wookiees
underwent a survey on the history of force use, overall health, as well as the
Tatooine University mental status exam in person. Those with pre-existing health
problems (cardiovascular disease, midichlorian deficiency, Wookiee rabies) were
excluded from the study to reduce confounding factors. This resulted in a total of
280 females and 170 males. Of 280 females, 115 had a previous diagnosis of
eCD, and 165 were healthy. Of 170 males, 90 had eCD, and 80 were healthy. In
the female cohort, 175 had received FVIs, and 99 of those had eCD, while 76 of
them were healthy. Of the ECD-positive males, 75 had received FVls, while 67
healthy males had the injection. Further details of the breakdown of participants
can be found in Table 1. Participants were age and sex matched throughout our
study.

Sex Female Male
Chewheimer’s | Positive | Negative | Positive | Negative
Disease 115 165 90 80
Averageage | 220+ [200+56| 211+ | 205+70
(Years + 51 67
standard
deviation
(years))
Force users 99 76 75 67 45Q
> wookies
Average time T
since FV 32£7 | 405 3.1+ 3.8+8 [ ]
injection 10 KashA+ %’
(Months + 300
standard I_;l
deviation M no PVI- M noFVl
(days)) 190 110 74 76
Genetic 98 76 75 67
Screen
PET-PiB Scan 97 74 73 66
CSF-AB 99 76 73 67

Table 1: (left) Breakdown of participants for the PET-PiB and CSF-AR. (right) Layout of initial
experimental design and grouping. Groups were further subdivided based on age and sex.

Cerebrospinal fluid (CSF) collection, processing, and biomarker
measurement.

CSF collection and enzyme-linked immunosorbant assay (ELISA) were
performed as previously described. [10] Via lumbar puncture, CSF was collected
in polypropylene tubes at 8:30 AM after overnight fasting as described previously.
[18] To avoid gradient effects, samples were gently inverted, centrifuged quickly
at low speed to pellet cellular elements, and aliquoted at 500pl into polypropylene
tubes. Samples were then frozen at —-84°C. AB analysis was completed using
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commercial ELISA (Boba Fett Biotech, Mandalore, The Galaxy Far Far Away).
Samples were kept on ice at all times prior to assaying.

PET-PiB imaging.

PET studies were carried out in collaboration with the PET facility at the
University of Naboo and based on a previously described protocol. [10] /n vivo
amyloid imaging via positron emission tomography (PET) with PIB ([N-methyl-
[1 1 CJ]2-(4'-methylaminophe-nyl)-6 hydroxybenzothiazole) was performed as

described previously. [19] 12 mCi of [1 1C]PIB was administered intravenously
simultaneous with initiation of a 60-minute dynamic PET scan in three-
dimensional mode, and dynamic PET images were reconstructed. Consequently,
three-dimensional regions-of-interest were created for each participant based on
their individual MRI scans (T1-weighted 1x1x1.25mm MPRAGE). Each region of
interest had a calculated binding potential (BP), to characterize regional binding
values proportionally to number of binding sites. BP values from prefrontal cortex
regions of interest were averaged to calculate a mean cortical binding potential
(MCBP) value based on brain regions known to have high PIB uptake among
participants with eCD. [19] This derived MCBP value has been shown to
correlate inversely with CSF AB, and predict the progression from cognitively
healthy to symptomatic eCD. [18,19]

Post-Mortem Studies.

We collected 50 post-mortem brains of eCD-afflicted individuals. eCD clinical
diagnosis had been performed using standard criteria (CDRC). The mean
Tatooine University mental status exam score was 9+3. Mean age was 290+20
years and mean duration of disease was 80+15 years. The 50 subjects lacked
other brain pathologies. The superior frontal and medial temporal cortices of the
brain were dissected at autopsy (as previously described). [11] Following autopsy,
these brain regions were immersed in cold 4% paraformaldehyde for 48h,
cryoprotected in sucrose and sectioned at 40 microns using a freezing sliding
microtome. Tissue sections were then serially collected in a cryoprotectant
solution and stored at -80°C until analysis.

Histology

The presence of amyloid plaques and NFTs are characteristics of the human AD,
and are thought to play a role in pathogenesis. [10,11] To determine whether
similar hallmarks occur in eCD, we used immunohistochemistry as previously
described modified for the wookiee species. [11,12] Tissue sections from the
CDRC eCD autopsy group in 4% paraformaldehyde fixed were washed in PB,
incubated in 70% formic acid (FA) and re-washed in PB. Subsequently, sections
were rinsed in TBST and incubated in 3% normal serum in TBST for 30min.
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Sections were then incubated overnight at 4°C in monoclonal 6E10 (AB1-16)
antibody. The primary antibody used for NFT detection was phospho-tau AT8.
After washing in 1% normal serum in TBST, sections were incubated for 1h in the
species-appropriate IgG (Vader Vector Laboratories, Death Star, The Galaxy Far
Far Away). The sections were then washed in TBST and processed with an Elite
kit (Vader Vector Labs) in TBST for 30min at room temperature. Following
imidazole acetate buffer (IAB) washes, a solution containing 0.06% 3’,3-
diaminobenzidine tetra-hydrochloride (DAB) / 0.0016% H2>O»2 was added for

5min. Following, sections were washed in IAB, mounted on slides, dehydrated in
ethanol, cleared in xylene and coverslipped.

Timing of Assessments.

Clinical assessment was within +3.0 months (SD=2.0 months) of the PET scan
and 2.9 months (SD=2.5 months) of the CSF assessment.

Statistical Analyses.

All analyses were conducted using Sith Statistics System 17.0 (Korriban, The
Galaxy Far Far Away). We tested for group differences (i.e., FVI, Kashyk status)
using Student’s t tests for continuous variables and Fisher's exact test for
dichotomous variables. We used a hierarchical multiple regression model to
examine FVIxKashyk status interaction for each of the separate estimates of
amyloid deposition. Each complete cohort had a separate regression model (i.e.,
MCBP and CSF A). All statistical significance tests were 1-tailed, and a=0.05.

Results
Wookie APOE analogue: Kashyk

Based on the nature of the symptoms observed in both rapidly progressing eCD
and late-onset CD the wookie genome was screened for targets with high
sequence identity with genes involved in the corresponding human disease, AD.
A Basic Local Alignment Search Tool (BLAST) search of gene sequences from
the Wookie Genome Project (WoGenPro) database and NCBI GenBank yielded
multiple hits. The search was narrowed down to genes known to be involved in
human AD, such as APOE, by removing all unrelated sequences from the search.
One of the genes identified through this search was Kashyk, a wookie-specific
protein, which was been previously studied due to its involvement in various
diseases. The BLAST search identified high local sequence similarity between
APOE and Kashyk throughout the alignment of the genes; it located highly
conserved regions with 99-100% similarity, as well as many regions with 73-89%
sequence identity. (Data not shown) A CLUSTAL O (1.2.1) sequence alignment
of the human APOE2 and wookie KashC, seen in Figure 2, reveals high
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sequence similarity, areas of deletion, insertion and single nucleotide differences
between the sequences of the two species.

Kashyk genotyping

Genotype experiments revealed the existence of two Kashyk isoforms that are
analogous to the human APOE2 and APOE4 proteins. Kashyk A (KashA) has
arginine residues at positions 112 and 158 of the amino acid sequence, while
Kashyk C (KashC) has cysteine residues at the same positions. Almost all of the
eCD samples that were genotyped appeared to be KashA+ (homozygote or
heterozygote carriers); similarly the majority of the healthy FVI wookiees were
KashC+ (homozygote carriers). In the late onset CD group we identified carriers
of both KashA and KashC with an approximate ratio of 3:2, respectively.
Furthermore, measurements revealed that one fifth of the general wookie
population is KashA+, with most of them being KashA/KashC heterozygotes.
(Table 2)

KashA (argl12, argl58) | KashC (cys112, cys158)
early-onset Female 11297 Female 2
Cheghelmﬂ’s Male 13463 | Male 6
(fgf‘)s)e Total 24760 Total 8
(alive and deceased) Total number of subjects: 24768
Female 2 Female 5832
Healthy Force-
Vector Injected ik 3 Male 9984
(FVI) Total 5% Total 15816
wookies Total number of subjects: 15821
Female 3401 Female 2111
late-onset Ty 2049 Male 1573
Chewheimer’s
Disease (CD) Total 5450 Total 3684
Total number of subjects: 9134
Female 34412 Female 115965
General Wookie Male 29532 Male 121825
population Total 63944 Total 237790

Total number of subjects: 301734

Table 2: Kashyk genotyping in wookie populations

*Possibly misdiagnosed CD patients (see Discussion)

**|solated incidents that can be traced back to a defective viral vector batch that did not include
the mdDNA mutations.

CSF AB Cohort

The mean Tatooine University mental status exam score for the subjects that
underwent CSF A measurements was 10+2. In our regression model of CSF AR,
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there were significant FVI group and KashA status differences (p=0.003) (Figure
3). Individuals without FVIs showed higher CSF Af levels when compared to
FVI-positive individuals (p=0.002, mean difference=97.0; 95% Confidence
Interval (Cl)=17.34; 177.87). Also, KashA+ individuals evidenced lower CSF A3
compared to KashA- individuals (p=0.0024, mean difference=—160.10; 95%
Cl=-217.88; —89.55). Of note, there was also a significant difference in sex, with
females in the

KashA+/FVI group exhibiting lower CSF AR levels than males in the same
category (p=0.02, mean difference=92.0; 95% CI=19.50; 169.97)) (Figure 3).
When categorized into age groups, there were no significant differences in CSF
AB levels due to age (p=0.08) (Figure 3)
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Figure 3: (top) Association between Kash status and FVI for CSF AB. Kash A carriers
demonstrated lower CSF AB. The Kash status x FVI interaction was significant (modified from
Head et al. 2012). Data was further broken down based on sex (left — male) (right — female) and
into 4 age groups to account for differences due to sex/age. There was a significant different due
to sex, but not due to age. See text for details. Grey: KashA-/No FVI, Purple: KashA-/FVI, Green:
KashA+/No FVI, Blue: KashA+/FVI.

Interestingly, results were similar when other potentially confounding variables
(i.e. education, diabetes, history of depression) were included as covariates. We
used a study by Head et al. (2012) to compare eCD conditions to AD with respect
to KashA and APQOE status. Following comparison, we found that CSF A levels
followed similar trends in humans and wookiees, with lower levels in APOE4+

humans.
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PET-PiB Cohort

The mean Tatooine University mental status exam score for the subjects that
underwent PET-PiB measurements was 9+3. In our regression model of MCBP,
there were significant FVI and APOE status differences (p=0.004) (Figure 4).
FVI-positive individuals showed higher MCBP levels compared to FVI-negative
individuals (p=0.0024, Mean difference=-.080; 95%CIl=-.134; —.024).

Furthermore, KashA+ individuals evidenced higher MCBP compared to KashA-
individuals (p=0.0026, Mean difference=.152; 95%CI|=.072; .312). There was a
significant FVI group x KashA status interaction (p=0.023), as well as a
significant FVI effect on MCBP in KashA+ individuals compared to KashA-
individuals (p=0.014, mean difference between groups=.153; 95%Cl=-.218;
-.069). Of note, there was a significant difference in sex, with females in the
KashA+/FVI group exhibiting higher MCBP levels than males in the same
category (p=0.02, mean difference=.123; 95%CI|=-.258; —.049) (Figure 4). When
categorized into age groups, there were no significant differences in MCBP levels
(p=0.08) (Figure 4).
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Figure 4: (A) Association between Kash status and FVI for MCBP. Kash A carriers demonstrated
higher MCBP. The Kash status x FVI interaction was significant. (Modified from Head et al. 2012)
Data was further broken down based on sex ((B) — male, (C) — female) and into 4 age groups, to
account for differences due to sex/age. There was a significant difference due to sex, but not due
to age. See text for details. Grey: KashA-/No FVI, Purple: KashA-/FVI, Green: KashA+/No FVI,
blue: KashA+/FVI.
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In concordance with our CSF A data, results were similar when other potentially
confounding variables (i.e. diabetes, history of depression) were included as
covariated. Using the study by Head et al. (2012) to compare eCD conditions to
AD with respect to APOE status, we once again found similar interspecies trends,
with APOEg4+ individuals showing greater MCBP than €4- individuals.

Post-Mortem Studies

Of 50 post-mortem brains examined, 30 had a previous diagnosis of eCD, while
20 were healthy. 18 eCD individuals were previous FVI users, while 10 of the
healthy individuals used FVIs. Using the AB1-16 antibody, we demonstrated
evidence for amyloid plaque deposits in 27 out of the 30 post-mortem eCD brains
examined, while none of the healthy brains exhibited these hallmarks (Figure 5A).
Both plaque burden and plaque number in the superior frontal and medial
temporal cortices were significantly increased in these brains (unpaired t tests,
P<0.05) (Figure 5C and D). The same trends were observed for NFTs (Figure
5B). Interestingly, the brains of FVI users showed enhanced amyloid plagues and
NFTs, in particular in those with a previous diagnosis of eCD.
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Figure 5: (A) Expression of amyloid plaques and (B) neurofibrillary tangles in the wookiee cortex.
(Modified from lkonomovic et al., 2008) (C) amyloid plaque burden and (D) amyloid plaque
number in the 4 examined groups. Scale bar = 175 mm
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Discussion

To our knowledge, this is the first study identifying a genetic risk factor for the
development of eCD following FVI, and pathological hallmarks of eCD.

This study revealed Kashyk, an APOE analogue, as the most promising
candidate for eCD predisposition following FVI. In the wookie central nervous
system, it is mainly produced by the deathstar cells, which are equivalent to
human astrocyte cells. Kashyk is involved in regulating neuronal firing in brain
regions responsible for sound vocalization, as well as co-localization of Chew
Precursor Protein (CPP) and lightsaber secretase (I-secretase). [20] Mutations in
different regions of this protein have been correlated with speech and cognitive
impairment in diseases such as Wootism [20] and Wookielexia [21]. Experiments
revealed that Kashyk is a polymorphic protein that has at least two major
isoforms. KashA has arginine residues, while KashC has cysteine residues, at
positions 112 and 158 of the amino acid sequence. Although these allelic forms
only differ in two amino acid positions, these small differences possibly confer
alterations in the protein structure and function, as they do it the case of APOE2
and APOEA4. [22]

Most eCD samples were KashA+, possibly suggesting complete penetrance of
the gene isoform with the disease. The small number of KashC homozygotes in
the eCD population could be due to misdiagnosis of late onset CD as eCD
patients. It was noted that these specific patients were in the age range of CD
development and were already showing some signs of cognitive impairment. It
was suggested by Lea et al. [23] that the FVIs sped up the process, resulting in a
more eCD-like timeline of disease (ie rapid disease progression leading to death
in a few months post initial disease signs), possibly explaining their diagnosis as
eCD instead of CD patients. The eCD samples contained both homozygote and
heterozygote individuals, suggesting that KashA dominates over KashC
phenotype. It appears that KashA homozygotes exhibit more severe symptoms
than the heterozygotes (Data not shown); however, this observation requires
further investigation to be validated. Aimost all of the healthy FVI wookie samples
were KashC+, further supporting KashA as a potential causal factor for eCD in
wookiees exposed to FVI. The small group of healthy FVI KashA+ wookiees was
found, following an investigation by the Jedi order FDA (Jo-FDA), to be injected
with a defective viral vector batch that did not include the mdDNA Force-enabling
mutations. This provides an explanation why the KashA+ wookiees did not
develop eCD post-FVI. Further investigation revealed incomplete penetrance of
the KashA isoform in the familial, late-onset CD population. Compared to the
general population where the KashA isoform was identified in approximately one
fifth of the general population, mainly in the heterozygous form, a relatively large
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number of KashA+ individuals develop CD; this suggests that KashA in somehow
genetically linked to the disease, increasing the risk of developing CD.

In this work, two consistent biomarkers of eCD, CSF AB and PET-PiB MCBP,
were used. CSF A data revealed a significant KashA x FVI interaction, with
KashA+ individuals showing lowered levels of CSF AB when undergoing FVI.
PET-PiB data mirrored this result, showing a significant KashA x FVI interaction,
such that KashA+ wookiees with FVI having highest MCBP levels. Some
confounds, such as socioeconomic status, subtle cohort bias (i.e. bias in those
willing to participate in the study) may not have been addressed, and may have
influenced the results. Furthermore, while this study provides a strong correlation
between FVI use and eCD development, its design does not allow for causal
inferences.

Both CSF AB and PET-PiB MCBP data in wookiees mirrors what is observed in
the human condition. Interestingly, like in AD, eCD is more commonly observed
in females. [24] Significantly lower levels of CSF A in KashA x FVI females was
found when compared to males. This parallel is useful in further characterizing
eCD, as it is relatively uncharacterized compared to the human AD. Some
differences were observed, however. In particular, in AD, there is a significant
effect of age on CSF AB and PET-PiB MCBP, with lowered CSF A and
heightened PET-PiB MCBP with age. This was not observed in eCD. This could
be due to the likelihood of eCD being highly influenced by FVI status, regardless
of age. Humans are more prone to learned Force development, and a FVI has
not been necessary for human Force acquisition.

Post-mortem data indicated the presence of amyloid plaques and NFTs in the
cortices of CD-afflicted wookiees. In particular, wookiees with a history of FVI use
exhibited the highest amounts of amyloid plaques and NFTs. Unfortunately, data
on KashA status was not included, as blood samples were unavailable. Future
studies should establish the relationship between KashA status and amyloid
plague/NFT burden in post-mortem samples. As with the CSF A and PET-PiB
MCBP data, similar post-mortem trends were observed when compared to AD.

In the human condition, while amyloid plaques are important hallmarks in
determining AD status, the actual clinical symptoms are correlated with
neurodegeneration, not amyloid deposition. [25] Furthermore, amyloid deposition
alone cannot produce clinical symptoms. [25] This is likely to be true in eCD as
well. For this reason, future studies should further characterize the patterns of
neuronal loss on eCD, which may lead to the development of therapies to combat
clinical symptoms of eCD.

In addition, the function of the Kashyk lipoprotein in wookiees is not yet fully
known. In humans, this apolipoprotein serves many functions. Importantly,
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apolipoprotein clears AR aggregates, thereby preventing amyloid plaque
formation. [25] APOE2 and 3 are termed “good APOE” as they can successfully
clear AB. [25] APOEA4, on the other hand, has a weaker ability to successfully
clear AB aggregates, thereby facilitating the formation of A aggregates, and
leading to the formation of fibrillar AB, also called amyloid plaques. [25] It is likely
that Kashyk lipoprotein plays a similar function, but future studies need to
establish its role in wookiees.

Conclusions

The main objective of this work was to examine a potential genetic basis for
discrepancies of eCD diagnosis following use of Force-vector injections. Based
on the data presented here, a likely explanation for this phenomenon is the
presence or absence of the KashA isoform of the Kashyk gene. The results of
this research clearly reveals the importance of mandating a required screen for
KashA prior to FVI administration to ensure no development of eCD. Based on
the findings of this research prophylactic genetic screening will prevent the
current rise in eCD, thus reducing the impact of this disease on the wookiee
population.
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