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Background

related pathology. Thus, inhibition of
developing novel therapeutic approac
determine the Impact of loss of L
pharmacological inhibition of LRRK2

Outline of LRRK2 Rodent Pathology

Several mutations in the gene leucine-rich repeat kinase 2 (LRRK2) are associated with
autosomal-dominant late-onset Parkinson’s disease (PD). The common G2019S mutation
In the kinase domain increases LRRK2 kinase activity and may partially explain LRRK2-

LRRK2 kinase activity Is an attractive target for
nes for PD patients. As part of a broad effort to
RRK2 function, which may be concomitant to

KiInase activity, we undertook a rigorous study of

histological and clinical pathology readouts in LRRK2-related mouse and rat models.

Studies:

GENETICS » Genetic variants in LRRK2
may increase risk for
sporadic PD

» Increased LRRK2 kinase
activity is cytotoxic

PATHOLOGY .
» LRRK2 biology converges

on relevant PD pathways

> Pathology study comparing LRRK27-to LRRK2** rats at multiple ages (gaptista et al., 2013)
> Pathology study comparing LRRK2”-to LRRK2** mice at multiple ages

> Pathology study in LRRK27-, LRRK27*, & LRRK2** rats to assess gene dosage

» Histopathology pilot study in LRRK1&2 double knockout rats at multiple ages

Figure 1. Rationale for Targeting LRRK2 Therapeutically

» Certain LRRK2 mutations
are linked to familial PD
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A. Renal Pathology
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Clinical Pathology cholesterol
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Key for histopathology stains: H&E = Hematoxylin and Eosin, Lipofuscin (AFIP method), CAB = Chromotrope Aniline Blue, 6 720

LAMP-1 and LAMP-2 are lysosomal markers, NAGLU = alpha-N-acetylglucosaminidase ¢ 10
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C. Summary of Pathology in LRRK27Vs. LRRK2** Rats

Pulmonary System Lamellar bodies in type Il pneumocytes
1 serum phosphate, creatinine, SDH,

| serum Na* and CI- levels

Pathology Study Comparing LRRK27 to
L RRK2** Rats at Multiple Ages

Study Overview: Pathology was assessed in LRRK2”7 and LRRK2** Long
Evans rats at several ages (1, 2, 4, 6, 8, 12, and 16 months of age)

Readouts: Hematology, serum chemistry, urinalysis, and microscopic
evaluation (by histochemisty) of select organs, including lung and kidney

Figure 2. Progressive Renal and Pulmonary Pathology in LRRK2/- Rats

B. Pulmonary pathology
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UL O e Pathologic Observation Age-related
System

Nephropathy, cytoplasmic vacuolation, Progressive, beginning at 2
1 in brown pigment mo.

Late-age onset (16 mo., by
electron microscopy)

Some markers changed as
early as 1 mo.

Urinalysis 1 urine creatinine Observed as early as 1 mo.
Hematology No toxicologically relevant changes N/A
observed

Figure 2. Representative images of histopathologically stained kidney (cortex) sections from LRRK2”-or LRRK2** rats at 4,
or 12 months of age. LRRK2’ rats exhibited an unequivocal and age-progressive renal nephropathy associated with
cytoplasmic vacuolation and accumulation of brown pigment (Figure 2A). Representative electron microscopy images of lung
tissue from LRRK2' or LRRK2** rats at 16 months of age. Lung tissue from LRRK27 rats exhibited an accumulation of
Lamellar Bodies in Type |l Alveolar Cells (Figure 2B). Summary of pathology findings in LRRK2” versus LRRK2** rats
(Figure 2C). Clinical pathology, urinalysis, and hematology parameters were also assessed.

The Michael J. Fox Foundation for Parkinson’ s Research, “WIL Research

Pathology Study Comparing LRRK27- and
LRRK2** Mice at Multiple Ages

Study Overview: Pathology was assessed in LRRK2/-and LRRK2** mice
(C57BI/6J) at several ages (1, 2, 4, 8, and 12 months of age)

Readouts: Hematology, serum chemistry, urinalysis, and microscopic
evaluation (by histochemisty) of select organs (including lung, kidney, and
liver)

Figure 3. Assessment of Multiple Parameters of Pathology in LRRK2”/Mice

A. Histopathology Observations B. Summary of Pathology Observations
Text Table 3. Incidence of Selected Histopathologic Findings (Hematoxylin & Eosin), Ti 0
Scheduled Necropsy Issue/organ - .
cTEIG W 1o System Pathologic Observation Age-related
Age (months): 1 2 4 3 12 1 2 4 3 12
Kidney * 4 4 4 4 4 4 4 4 4 4 Nephropathy, cytoplasmic Progressive, pathology
o R Renal System vacuolation, 1 in brown pigment observed early and
Pigment. brown 0 0 0 0 0 0 0 3 4 4 TLAMP1&2, NAGLU, CAB, KIM-1 increased with age
Minimal 0 0 0 0 0 0 0 3 0 0
Mild 0] 0] 0 0 0 0 0 0 4 0
Moderate 0 0 0 0 0 0 0 0 0 4 Pulmonary Cytoplasmic vacuolation, Type Il In all LRRK27 mice at
Lungs* s s s 4 s s . s 4 4 System pneumocytes all ages
Vacuolation, 0 0 0 0 0 4 4 4 4 4 .
o . Age related in LRRK2"
cytoplasmic, increased _
Mﬂd ;11 g g g g g 3 3 3 3 ? Serum Chemistry 1 serum KIM-1 mice (at 8 & 12 mo.)
Moderate 0 0 0 0 0 0 0 0 0 3 Urinalvsis Tcreatinine levels higher in -/- than
Liver ® 4 4 4 4 4 4 4 4 4 4 y No changes in electrolyte levels +/+ at all ages
Wacuolation, 4] 4] 0 2 2 0 0 1 4 4
hepatocellular No toxicologically relevant
Minimal 0 0 0 1 1 0 0 1 2 2 Hematology N/A
A ld o o 0 . ) 0 o o o 5 changes observed
Moderate 0 0 0 0 0 0 0 0 2 0

# - Number of tissues examined from each group

Figure 3. A histopathological assessment of kidney, lung, and liver pathology was performed in LRRK27-and LRRK2**
mice at multiple ages (Fig. 3A). In addition to histopathological analysis of lung, liver, and kidney, additional readouts,
including serum chemistry, urinalysis, an hematology were analyzed (Figure 3B.). Kidney and lung pathology findings
in LRRK2"- mice largely recapitulated previous observations in LRRK2 rats, albeit with an apparent earlier age of
onset in mice compared to rats. Notably, serum chemistry results indicated elevated levels of KIM-1 in LRRK2"-mice;
KIM-1 was not detected by serum chemistry in LRRK2 rats.

Histopathology Pilot Study In LRRK1&2
Double Knockout Rats at Multiple Ages

Obje

ctive: To assess potential LRRK1 genetic interaction

Study Overview: Histopathology (via H&E staining) in kidney and lung tissue

from

Methods: Light microscopic examination of H&E stained paraffin embedded

LRRK1&2 double KO rats versus WT rats at 4, 8, and 12 months of age

sections from archived tissues from previous MJFF pathology studies at WIL
Research. Sections from kidneys and lungs (including bronchi) were
examined.

Figure 5. Summary of Histopathology Findings in LRRK1&2 Double KO Rats

Figure 5. The severity of chronic nephropathy in LRRK1&2 double KO rats in this study appeared to be greater than what was
observed in other pathology studies in LRRK2-/- rats using similar methods.

Tissue/Organ Pathologic Observation Age-related
System

Progressive accumulation of brown
pigment with age; also spread of

vacuolation with age (cortex only at
4 mo., cortex & medulla8 & 12 mo.)

Nephropathy; 1 in brown
Renal System pigment with cytoplasmic
vacuolation

No LRRK1&2 double KO-
AUIENETR) SYEUENT related histological changes NI

Pathology Study in LRRK27, LRRK27*, and
LRRK2** Rats to Assess Gene Dosage

Study Overview: Pathology was assessed in LRRK2 -/-, -/+, and +/+ rats (Long
Evans) at 8 months of age

Readouts: Hematology, serum chemistry, urinalysis, and microscopic evaluation
(by histochemisty) of select organs (lung, kidney, liver, heart, and spleen)

Figure 4. Assessment of LRRK2-related Gene Dosage Effects on Renal and Pulmonary
Pathology

A. Renal Histopathology Observations B. Summary of Pathology

i Tissue/Organ : : :
Strain Long Evans WT Lrrk2 KO (HOMS) Lrrk2 KO (HETS) g P&thOlOgIC Observation Gene Dosmg
) ‘ System

Lipofuscin * 4 .
Cortex & Medulla +b +++ + CAB, KIM-1 & vacuolation
CAB” 4 4 4 Nephropathy ({NAGLU, LAMP1, in -/- only
g{oer:ﬁla H o N Renal System LAMP2, CAB, KIM-1), Gene dosage for NAGLU,
LAMP.1° 4 4 4 1 brown pigment -/- & -/+ Vs. +/+ LAMP1 & LAMP2 for -/-
Cortex +, 4+ F— —+ Vs. +/-
Medulla B o N 1 serum creatinine, chloride, and
LéMP-Z ’ 4 4 4 Serum SDH ’ ’ No overt gene dosage
‘ortex + ++, +++ ++ :
Medulla + ++, 4+ + Sy | serum ALP, AST, ALT dosEnyEe
NAGLU ! * * For LRRK2 -/- & +/- Vs. +/+
Cortex + A ++ . . or Ao ST VS, Only 1 Na* showed a clear
Medulla + ++, + Urinalysis 1 urine creatinine & urine pH T O "
KIM-1"* 4 4 4 | electrolytes g g
Cortex and Medulla ++ +++, ++
Key for Pathology: - = None, + = Minimal, ++ = Mild, +++ = Moderate, ++++ = Severe I__IematOIOgy’ No toxicologically relevant
liver, heart, lung, N/A
changes observed
spleen

Figure 4. Kidney tissue from LRRK2/- LRRK2/*, and LRRK2** rats at 8 months of age was histopathologically analyzed
(Figure 4A) using stains and protocols similar to those used in Figure 2. Figure 4B summarizes the pathology findings in
this LRRK2 gene-dosage study. An apparent gene-dosage effect for renal pathology with loss of LRRK2 was observed. No
pathologically-relevant differences in lung, liver, heart or spleen tissues were observed between the LRRK27-, LRRK2* or
LRRK2** groups. In the study described in Figure 2, lung pathology was observed in LRRK2” rats, but only with advanced
age (at 16 months).
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Observations in LRRK2-related Rodents

»Rat Studies:

mmary and Comparison of Pathology

—Progressive kidney pathology (nephropathy) associated with loss of LRRK2

—Evi

—Apparent exacerbation of LRRK2-related kidney pathology with loss of LRRK1
—Lung pathology (vacuolation in Type Il pneumocytes) only with advanced age

»Mou

dence of a LRRK2 gene dosage effect for kidney pathology

se Studies:

—Pathology findings in LRRK27-mice generally recapitulate observations in LRRK2

rat

—Progressive kidney pathology (nephropathy) was associated with loss of LRRK2
* Apparent earlier onset in mice compared to rats

—Lung pathology (Type Il pneumocytes) was generally more severe in LRRK27mice
than rats

-MJ

models, although some species differences were observed

FF has not examined LRRK2 gene dosage or potential effects of LRRK1 in mice

Su

Here we report recent pathology findings in LRRK27 and LRRK2** C57BI/6

mice
' RR
KNOoC
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therapeutic strategies to modulate LRRK2 levels or kinase activity.
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mmary

at several ages, LRRK2 gene dosage effects in LRRK2”, LRRK2*-, and
K2** rats, and potential LRRK1 genetic interaction in LRRK1/2 double
Kout versus wild type rats. Taken together, these pathology findings In
K2-related rodent models may inform follow-up studies aimed at




