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Abstract

PURPOSE:
Early diagnosis and intervention are crucial for delaying disease progression. Developing
and characterizing genetically modified rat Parkinson’s Disease PD model(s) has proved

Development of LRRK2 Knockout Rat Model by SAGE Zinc Finger
Nuclease Technology

Luminex Analysis of Urine & CSF Show Increased Brain & Kidney Biomarkers
In LRRK2 Knockouts

LRRK2 Knockout Rats Demonstrate Upregulated mRNA Expression
of PD Markers in the Brain and Kidney
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analysis. Biomarker analysis was performed using EMD Millipore MilliplexMAP® Kits for LN TN N DOMAIN
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expression analysis (QPCR) were conducted using standard approaches.

RESULTS:

Kidney: Lrrk2 knock Rat Renal Periodic Acid-Schiff (PAS) staining indicated the
abnormality morphological changed in the proximal tubule (Figure 1).

Urine samples were analyzed for the presence of nine different biomarkers. Only NGAL
(Lipocalin-2) showed a statistical difference (P<0.001; Figure 2) supporting previous
studies. RNA analysis of kidney tissues demonstrated a decrease (P<0.01) in Clusterin.
Brain: CSF and Serum from control and Lrrk2 rats were analyzed for neuropeptide
markers by immunoassay and no discernible differences were detected. However, there
were four RNA expression markers (a-synuclein, GFAP, Oxytocin, Substance P) identified
in hippocampus with noticeable differences between control and Lrrk2 rats (Figure 3).
CONCLUSION: The Lrrk2 knockout phenotype provides a unique opportunity to
investigate the potential for early detection biomarkers for PD as well as other conditions
having mutations
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Figure 4: LRRK2 knockout rats demonstrate an increase in the transcription of
Alpha Synuclein, GFAP, Oxytocin and Substance P in the brain Hippocampus.
Moreover, Cortical region of kidney shows decreased levels of Clusterin and
significant increased GSTa mMRNA.
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PURPOSE:

Parkinson’s disease (PD) is a slow, progressive neurodegenerative disease affecting 1.5% of the
population over 50 years (1). PD is characterized clinically by motor symptoms such as tremors at
rest, slow movements and postural instability. The motor symptoms of PD result from the death of
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dopamine-generating cells in the substantia nigra, however these symptoms will develop only after - Heat Map - Red (Highest), Blue (Lowest) [l s .

~70% of the neurons in this portion of the mid-brain have already perished. The pathology of the i (— _ _ Su m m ary & CO n CI u S | O n

disease is characterized by the accumulation of a-synuclein into inclusions in neurons called Lewy g ‘ i Figure 2: LRRK2 knockout rats demonstrate changes in neuronal and renal markers as

bodies (1). In addition there is an insufficient formation and activity of dopamine produced within o Bl / demonstrated by multiplex analysis of cerebrospinal fluid and urine. Bar graphs and heat _ _

parts of the midbrain. Current treatments are effective at managing the early motor symptoms of the = A - | | + map table illustrate changes in biomarkers as compared to wild-type animals. Kidney:

disease, mainly through the use of synthetic dopamine and dopamine agonists. 3 ! | . et _ > LRRK2 knockout rats demonstrated extensive injury and abnormality in the
. . . . . . . . . a ABIVIIA™?  Gene expression Analysis LRRK2 Knockout Rats Demonstrate an Enhanced Inflammatory & Immune proximal and distal renal tubules.

Early diagnosis and intervention are crucial for delaying disease progression. Developing and o

characterizing genetically modified rat PD models have proved to be promising approaches for the 2 Response » Clusterin mRNA levels were significantly decreased in kidney cortex and there was

identification of crucial biomarkers in target identification for drug discovery and translational clinical S D e o — Wide Type LRKK-2 Knockout a trend for decreased Clusterin protein and significantly decreased NGAL in urine of

development (5). Although most cases of PD are idiopathic in nature, genetic models of PD are _% VS 4 o . e knockout rats.

helping to provide a glimpse into this progressive neurodegenerative condition. Mutations in " e . i 1 Erpmpee—s s T Cell i 2 e TCls | - _ _

Leucine-rich repeat kinase 2 (LRRK2) are recognized as a frequent cause associated with autosomal ﬁ ’?“ o H = i I ek 2] » GSTa mRNA was significantly increased in knockout rats.

dominant PD. As a joint venture, SAGE® Labs and Eurofins Bioanalytical Services conducted a A Antibody | g . Pt TS

multi-parameter biomarker feasibility study to evaluate the LRRK2 knockout rat model utilizing an staining BD FACS Canto™ | §;_ . P '

array of biomarker testing capabilities in IHC, transcriptome analysis, multianalyte analysis and flow Flow Cytometry CD3CD4 Morocytes | g . 2 » Histopathological changes were not observed in the hippocampus or cortex in KO

cytometry to further characterize the phenotypic effects of the knockout and validate the model s iin e ;L o E rats.

against previous findings (2-5).

LRRK2 Knockout Rats Demonstrate Extensive Renal Tubular Injury
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Animal Model: SAGE® Labs uses Zinc-Finger Nuclease (ZFN) Technology, for the rapid creation of ‘, — y ] _ _ ha SynuSCIeblnt, GFAFE) agl(\leOthogm mRN(f. Iet;]/eli Welie ,[Slg?lflcantly LGz
targeted gene knockout animals. Male 11 weeks old Homozygous LRRK2 Knockout Rat (LEH- - 4 7] k= whereas substance = m was decreased in the Knockout fats.

LRRK2 tmlsage; Product number: TGRL4620) and age matched controls were provided by SAGE®
Labs. The brain and kidney from three to six of each animal type were collected in either in 10 %
Neutral buffered formalin or 4% paraformaldehyde for histology and morphological analyze
respectively. Remaining tissues and blood from all animals were processed for transcriptome, flow
cytometry and multiplex analysis.

Blood:

» LRRK2 knockout rats showed an enhanced inflammatory and immune response
as indicated by an increased numbers of NK cells, Monocytes and CD11b*
granulocytes.
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Conclusion

LRRK2 has been identified as one of the key drivers in the etiology of Parkinson’s
Disease (PD) therefore the LRRK2 knockout phenotype provided a unique

Biological Fluid Biomarker Analysis: Urine, serum and cerebral spinal fluid were analyzed using
EMD Millipore MilliplexMAP® kits for the measurement of kidney and brain neuropeptide markers.
These assays, using xXMAP® technology, give the ability to obtain multiple results from a single
sample in a single well through the use of distinct fluorescence dyed beads with corresponding
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antibodies attached. Reporter antibodies linked to a second fluorescent dye allow for specific > 16000 - - opportunity to investigate the potential for early biomarker detection for PD as well as
quantification for each bead type @ 1000 other LRRK2-mutation dependent conditions. Various kidney, brain, blood and
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manutacturer's instructions. -ollowing whol€ blood lysIS and tixation, Samples aré spun tor approx. S 10000 £ 500 indicators for PD or other LRKK2 mutation related conditions. Increased a-synuclein
minutes at 1000 x g and the cell pellets were frozen. Upon thawing cell pellets were resuspended in o 15 2 RNA . i1 LRRK? rat f q its f . tudi d i
FACS buffer and then incubated with the appropriate antibody cocktails for 60 minutes. Following a § 8000 g 0 m : expresgon n . rats contirmed Tesulls Trom previous studies and 15
wash and final centrifugation, the supernatant is removed and the cell pellet resuspended in PBS. It S 6000 10 é 400 assoqated with progressive _ pathology _ of PD. _AISO' flow cytometry ho!ds the
is then analyzed on a BD FACS CANTO Il with analysis performed using FacsDiva Software. e T 350 potential as method for detection of PD biomarkers in blood. Future studies will focus

— 4000 § 200 on the further characterization of the animal model and will provide researchers with
Reverse Transcription: cDNA was synthesized from total RNA using the High Capacity RNA to D 2000 > o key information with potential diagnostic and therapeutic value for PD and other
cDNA kit from Life Technologies. = . L RRK2-mutation linked disorders.
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Real-Time gRT-PCR: Gene expression analysis was performed on the ABI® ViiA7 qPCR System e\ ,‘c,e\\‘5 e\ O\\\eﬁ o\i‘e% 1. LeesAJ, Hardy J, Revesz T Parkinson’s disease. Lance. (2009).
using the custom Tagman® assay panel according to the manufacturer’s instructions. cDNA was Obﬁ‘ 0%" © \“000 (\0\0 2. Katsutoshi Taguchi, Yoshihisa Watanabe, Atsushi Tsujimura, Harutsugu Tatebe, Seiji Miyata, Takahiko Tokuda, Toshiki
G G G)(r‘) Mizuno, Masaki Tanaka (2014). PlosOne.

amplified using the Tagman® Fast Advanced PCR master mix. Data was analyzed using the ViiA7

ft . th ti Ct thod : ; ¥ 3. Bertrand E1, Lechowicz W, Lewandowska E, Szpak GM, Dymecki J, Kosno-Kruszewska E, Wierzba-Bobrowicz T. Folia
SOTware using the comparative L4 method. P P Figure 3: Blood samples from rats were processed to prepare PBMCs which were Neuropathology. (2003). - - |
A’» : ' -, ' . h ined ith ibodi . CD3. CD4. CD161 d CD11b . 4. Clemens R. Scherzer, Aron C. Eklund, Lee J. Morse, Zhixiang Liao, Joseph J. Locascio, Daniel Fefer, Michael A.
Histology and Morphology  The kidney and brain were collected, fixed in 10% of neutral buffered e el | - e then stained with antibodies against , , , an antigens to Schwarzschild, Michael G. Schlossmacher, Michael A. Hauser, Jeffery M. Vance, Lewis R. Sudarsky, David G. Standaert,
: : : - Darindin an : : ' : iodi id—Schi i ini i itati characterize various cell phenotypes. Mean fluorescence intensity measurements John H. Growdon, Roderick V. Jensen, and Steven R. Gullans PNAS. (2007).
formalin (10 % NBF)1 paraffln embedded, sectloned, and stained by Periodic acid—Schiff stain (PAS) Flgure 1. The Renal Periodic acid-Schiff stain (PAS) Stammg' Semi quantltatlve P yp y 5. Daniel Ness, Zhao Ren, Shyra Gardai, Douglas Sharpnack, Victor J. Johnson, Richard J. Brennan, Elizabeth F. Brigham,

staining and Nissl staining for histology and morphological analyze respectively. All the slides were
scanned by Aperio Digital Image scanner and analyzed.

Image analysis indicates statistical significance between two groups ( P<0.01).
Arrow: PAS positive staining in proximal and distal tubule (A). H.E Staining of
kidney showing extensive tubular injury in K.O. mice (arrows) (B).

Scale Bar 50 uM, Magnification 40X

were compared across groups to access phenotypic population changes. LRRK2
knockout rats showed increased monocytes, NK cells and granulocytes suggesting
an enhanced immune and inflammatory response in the knockout animals.
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