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Abstract

Background and Purpose-—Previously, murine models Krit1*~Msh2~~ and
Cem2*/~Trn53~ showed a reduction or no effect on cerebral cavernous malformation (CCM)
burden and favorable effects on lesional hemorrhage by the robust RhoA kinase (Rock) inhibitor
fasudil and by simvastatin (a weak pleiotropic inhibitor of Rock). Herein we concurrently
investigated treatment of the more aggressive Pdcd10/Ccm3 model with fasudil, simvastatin and
higher dose atorvastatin to determined effectiveness of Rock inhibition.

Methods-—The murine models, Pdcd10*~ Trp53~ and Pdcd10%~Msh2™~, were
contemporaneously treated from weaning to 5 months of age with fasudil (100 mg/kg/day in
drinking water, n=9), simvastatin (40 mg/kg/day in chow, n=11), atorvastatin (80 mg/kg/day in
chow, n=10) or with placebo (n=16). We assessed CCM volume in mouse brains by micro-
computed tomography. Lesion burden was calculated as lesion volume normalized to total brain
volume. We analyzed chronic hemorrhage in CCM lesions by quantitative intensity of Perls
staining in brain sections.

Results-—The Pdcd10%~ Trp537~/Msh2~~ models showed a mean CCM lesion burden per
mouse reduction from 0.0091 in placebos to 0.0042 (p=0.027) by fasudil, and to 0.0047 (p=0.025)
by atorvastatin treatment, but was not changed significantly by simvastatin. Hemorrhage intensity
per brain was commensurately decreased by Rock inhibition.
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Conclusions-—These results support the exploration of proof of concept effect of high dose
atorvastatin on human CCM disease for potential therapeutic testing.
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Cerebral cavernous malformation (CCM), a disease frequently leading to hemorrhagic stroke
and seizures, has 3 familial forms: KR/T/CCM1, CCMZ2and PDCD10/CCM3. In murine
models, as in humans, Pdcd10/Ccm3 heterozygosity is more aggressive in forming CCM
lesions than Krit1/Ccmi or Cem2 heterozygosity.t Pdca20%/~ mice bred in sensitized
backgrounds with 77p537~ or Msh2™~ harbored more lesions attributed to the Knudsonian
2-hit mechanism than PdcaZ0%/~ mice not bred in sensitized backgrounds since these genetic
sensitizers enhance somatic mutations.®: 2

Acute models of CCM disease have been used to evaluate possible therapies, including the
anti-oxidant tempol,3 the VEGF receptor inhibitor SU5416 semaxanib,* TGF- and B-
catenin inhibitor sulindac metabolites,® 8-notch activators recombinant DLL46 and
Sorafenib,” anti-MEKS5 BIX021898 and anti-ERK5 XMD17-109.8 More clinically relevant
studies would be expected by using chronic models which more closely resemble the human
disease. We have shown in a previous report,® that similar to the human disease, but in
contrast to murine acute models, lesions in chronic murine models are distributed throughout
the brain, with associated hemorrhage, B- and T- cell infiltration and disruption of junctional
proteins. We previously reported that lesion burden was decreased in chronic models by the
Rock inhibitor fasudil in KritZ*/~Msh2~~ micel® and by B cell depletion in Pdcd10%/~ and
Pdcd10%~ Trp537~ models.11

The small GTPase Rho effector, Rho-associated protein kinase (Rock), is a regulator of
cellular contraction, cell division, and gene expression, as well as other functions. CCM
therapies include targeting against Rho or the upstream effector proteases, including
disintegrins and metalloproteinases.8 Rock can be inhibited specifically with fasudil, or by
statins with pleotropic effects.12 Previously, we showed that fasudil, but not simvastatin,
decreased lesion burden in the Krit1*/~Msh2~~ model, with no effect in the
CcmZ2*~Trp537~ model with any of these Rock inhibitors.10

Herein we assessed the effect of higher dose and more potent atorvastatin in the
KritI*~Msh2~ model. We concurrently investigated treatment of the more aggressive
Pdcd10models with fasudil and simvastatin, and higher dose and potency atorvastatin, on
lesion burden and hemorrhage, and determined the effect of these Rock inhibitors on animal
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survival and the prevalence of endothelial cells and leukocytes with Rock activity within
CCM lesions.

Materials and Methods

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Murine Models

The Duke University Institutional Animal Care and Use Committee approved the animal
procedures. The Pdcd10%~, Pdcd10%~Tro537~, Pdcd10/~Msh2™~ and Kritl*/~Msh2™~
models for CCM disease were developed as previously reported.l: 2 The experiments
included 53 Pdcd10%~ Trp537~ (45 males, 8 females), 6 Pdcd10-Msh2™~ (5 males, 1
female), 88 Pdcd10%/~ (50 males, 38 females), 55 Kritl*/~Msh2™/~ (34 males, 21 females)
animals assigned to groups after weaning.

Randomized Assignment and Treatment Groups

The National Institute of Neurological Disorders and Stroke guidelines for objectivity in
preclinical research were followed for all groups, including randomization, blinding of
outcome assessment, appropriate sample-size estimation based on the primary outcome, and
prespecified data analyses.13 Mice receiving treatments were contemporaneously raised with
placebo controls. Pdcd10*/~ Trp53~~ or Pdcd10%/~Msh2™~ mice were randomized at
weaning into 4 groups to receive fasudil (100 mg/kg/day in the drinking water), simvastatin
(40 mg/kg/day in the chow), atorvastatin (80 mg/kg/day in the chow) or placebo with the
same drug-free diet and drinking water until 4 months of age. Treatment was carried out
until at least 100 days of age in all groups, unless there was attrition or compassionate
sacrifice because of illness before then. Varying dates of completion of treatment were
influenced by signs of poor health (Supplemental Methods in the online-only Data
Supplement). Duration of treatment (range/mean/median) were not significantly different
between the treatment groups (Table V1 in the online-only Data Supplement). Survival
lifetables were compared for up 100 days and all attritions were catalogued and compared
(Table 1V in the online-only Data Supplement). Pdcd10*/~ (without sensitizing background)
mice were similarly assigned to receive the same regimen of fasudil, simvastatin,
atorvastatin or placebo until 5 months of age. Krit1*~Msh2™~ mice were assigned to receive
the same regimen of atorvastatin or placebo until 5 months of age. Duration of treatment
(range/mean/median) were not significantly different between the treatment groups (Table
VI in the online-only Data Supplement). Both simvastatin and atorvastatin, but not fasudil,
significantly reduced the mean body weights of the combined Pdcd10"~ Trp53~~ and
Pdcd10*~Msh2™~ mice from 2—4 months of age (Table | in the online-only Data
Supplement). Only simvastatin, but not fasudil or atorvastatin, significantly reduced the
mean body weights of PdcdZ0%~ mice from 2-5 months of age (Table 11 in the online-only
Data Supplement). Atorvastatin significantly reduced the mean body weights of
KritI*~Msh2~/~ mice at 2, 3 and 5, but not 4, months of age (Table 111 in the online-only
Data Supplement).
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Lesion Burden Analysis

Results

At the conclusion of drug administration, the brain of each mouse was removed and assessed
for lesion burden by micro-computed tomography, with volumes of CCM lesions and total
brain determined as previously reported.1# After imaging, brains were soaked in formalin,
sliced into 1-mm thick coronal slices that were examined microscopically. Those slices
determined to have possible CCM lesions and anatomically correlated with the micro-
computed tomography were photographed. All slices were processed and embedded in
paraffin. Those blocks identified to contain putative lesions were cut (5-um) and sections
were stained with hematoxylin and eosin (H&E). Sections were confirmed to be
multicavernous lesions with at least 1 cavern > 100 um by 2 observers (RS and TM) with
adjudication by a third observer (IAA), as described previously.10 All assessors were blinded
to the treatment assignment.

H&E brain sections from mice that either died or were euthanized due to a non-CCM related
pathology are summated in Tables IV and V in the online-only Data Supplement. Tumors on
sections were confirmed by neuropathologist co-author, PP.

Blank sections from brains harboring multicavernous CCM lesions were processed for
quantitative assessment of non-heme iron deposition by Perls Prussian blue through methods
previously described.? 10:11 There is no unit for the non-heme iron measurements because
this value is the integrated sum of pixel values each having a unitless value between 0 and
255 depending on the intensity of the Perls blue stain. Five similar sections randomly
selected from each of the 4 treatment groups of combined Pdcd10*/~ Trp53~~ and
Pdcd10%-Msh2™~ mice were assessed for Rock activity by staining for phosphorylated
myosin light chain (pMLC) and for inflammation by staining for B and T lymphocytes as
previously described.? 10: 11 The number of leukocytes and endothelial cells in CCM lesions
stained or not stained, as well as the total number of B and T lymphocytes per lesion, were
assessed by 2 observers (RS and JK, SPP, SBL or DZ).

Primary and secondary outcomes are defined with statistical methods in the online-only Data
Supplement under Methods section.

Fasudil and Atorvastatin Decreased Lesion Burden and Lesion Hemorrhage in Pdcd10 and
Kritl Models Bred in Sensitized Backgrounds

Mean lesion burden (+SEM) in PdcdZ0%/~ models bred in sensitized backgrounds with
Tr537~ or Msh2™~ was halved by fasudil treatment (0.0042+0.0018, n=9, £=0.03) and by
atorvastatin treatment (0.0047+0.0019, n= 10, A=0.03) compared with placebo controls
(0.0091+0.0043, n=16), but was not affected by simvastatin treatment (0.0113+0.0076,
n=11), with a significant difference (P=0.008) between those treated with simvastatin and
those treated with atorvastatin (Figure 1). Mean non-heme iron deposition in lesions per
mouse was halved by fasudil treatment (72490+£32171, n=9, £=0.02) and by simvastatin
treatment (71934+33742, n=11, P=0.008) and was decreased by 70% with atorvastatin
treatment (55709+25698, n=10, £=0.007) compared with placebos (188138+107423, n=16).
Similar results were obtained when only the Pdcd10%~ Trp537~ model was analyzed
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separately, except that there was a trend for decreased lesion burden in mice treated with
atorvastatin (Figure I in the online-only Data Supplement). Representative images show
decreased lesion burden and iron deposition in atorvastatin-treated mice compared with
placebos (Figure 2). Since much lower numbers of female from Pdcd10%~ Trp53~~ and
Pdcd10*~MshZ™~ mice survived to weaning age than males (age of onset of treatment),
they could not be included in the study in similar proportion as males, hence results from
females were not possible to evaluate (Table V11 in the online-only Data Supplement). Rock
inhibition did not decrease Rock activity in lesion endothelium from 5 mice in each group
(Figure 3A). However, the mean prevalence of lesion leukocytes stained with pMLC from 5
mice in each group was significantly decreased by treatment with fasudil (£=0.04) or
atorvastatin (P=0.02) compared with placebos (Figure 3B). Within CCM lesions from 5
mice in each group, there were significantly less B lymphocytes in mice treated with
simvastatin, but not with fasudil or atorvastatin (Figure 3C), and significantly fewer T
lymphocytes in mice treated with any of the 3 Rock inhibitors compared with placebos
(Figure 3D).

The decreased lesion burden previously observed with fasudil (but not simvastatin) treatment
in the KritI*’~Msh2”~ modell? was recapitulated with atorvastatin treatment (Figure I in
the online-only Data Supplement). Mean lesion burden in KritZ*/~Msh2”~ mice was
significantly decreased (P=0.03) from 52.8+21.4 x 1075 in placebos (n=19) to 2.6+1.0 x
1075 in mice treated with atorvastatin (n=16). Mean non-heme iron in this model was
completely eliminated by atorvastatin treatment (0.0+0.0, n=16, £=0.03) compared with
placebos (68514+67776, n=19). These effects were reproduced when males and females
were analyzed separately (Table VIII in the online-only Data Supplement), with only the
decreased lesion burden in males treated with atorvastatin reaching significance (P=0.02).

In contrast, both lesion burden and non-heme iron deposition were unaffected with any of
the three Rock inhibitor treatments in the Pdca0%/~ model, without sensitized background
(Figure 111 in the online-only Data Supplement), including no differences observed between
the sexes (Table IX in the online-only Data Supplement).

Survival of the Pdcd10 and Kritl Models was not Affected by Rock Inhibition

Rock inhibition did not significantly affect survival after weaning in the combined
Pdcd10*~Trp53~ and Pdcd10%/-Msh2™/~ (Figure 4) and Krit1*~Msh2~~ (Figure IV in the
online-only Data Supplement) models. Male Pdcd10%~Trp537~ and Pdcd107~Msh2~/~
mice showed similar results for attrition, while female Pdcd10%~Tro537~ and
Pdcd10%-Msh2~~ mice could not analyzed for attrition due to the small numbers of animals
treated. Atorvastatin treatment did not affect survival in KritZ*~Msh2~~ mice when males
and females were analyzed separately. Brain hemorrhage did not increase in association with
animal attrition with fasudil, simvastatin or atorvastatin treatment in either genotype (Tables
IV and V in the online-only Data Supplement). In Pdcd10"~Trp53”~ and
Pdcd10-Msh2~~ mice, several different comparisons between statin-treated mice and
control did not yield any statistical differences for attrition and brain hemorrhage (Table 1V
in the online-only Data Supplement).
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Rock inhibition did not significantly affect survival after weaning in non-sensitized
Pdcd10*/~ mice. Only 1 of 22 placebo, 1 of 23 fasudil-, 0 of 21 simvastatin- and 1 of 22
atorvastatin-treated mice did not survive until the end of treatment. Attrition of these animals
were not attributed to any known causes, with no hemorrhage or tumors observed within
their brains.

Discussion

As observed with the human familial genotypes, Pdcd10*/~ models have a more aggressive
phenotype than KritZ*/~and Ccm2*~ models.! Pdcd10 is part of the STRIPAK signaling
pathway, thought to be distinct from the RhoA signaling pathway involving the other CCM
gene products, but there is conflicting data on whether the two pathways converge.1® In
support of a role for Pdcd10 in RhoA signaling, lesion burden was blunted by fasudil, but
not simvastatin, in the PdcdZ0*/~ model bred in sensitized backgrounds, with exceptionally
high lesion burdens (Figure 1). This recapitulated previous results in the Krit1*~Msh2™~
mice.10 In the same studies, hemorrhage, as measured by non-heme iron deposition, was
decreased by simvastatin, as well as by fasudil, in both of these models. These findings
suggest that in both of these models bred in sensitized backgrounds, fasudil inhibits both
lesion genesis and hemorrhage, while simvastatin at the dose used, only inhibits lesion
hemorrhage. Atorvastatin, with a greater therapeutic intensity than simvastatin, decreased
both lesion burden and hemorrhage in the combined Pdcd10%~ Trp537~1 Msh2™~ models
(Figure 1), as well as in the Krit1*/~Msh2~/~ model (Figure IV in the online-only Data
Supplement).

A modest increase in survival by fasudil, but not with simvastatin, was previously shown in
the Krit1*~Msh2”~ model.10 However, atorvastatin (Figure I in the online-only Data
Supplement) did not affect survival in this model. Neither fasudil, simvastatin nor
atorvastatin affected survival in the aggressive Pdcd10%~ Trp537~1 Msh2”~ models (Figure
4). Hemorrhage, as related to attrition, was not increased by any of these therapies in both of
the models.

There was a reduction of pMLC immunopositivity in lesional leukocytes, consistent with
ROCK inhibition. An impact of the three drugs on lesional inflammatory cell infiltration was
noted, consistent with reported anti-inflammatory effects ROCK inhibitors and statins.1® But
we did not observe a reduction of pMLC immunostaining of lesional ECs, while a reduction
of EC immunopositivity had been noted with fasudil in KritZ*~Msh2~~ mice.1” This
difference may be attributable to the significantly greater baseline ROCK activity in Pdcd10
mutated endothelium.!

Fasudil and statins had no effect on lesion burden in the less aggressive models,
Cem2*~Trp537710 and Pdcd10%~ without sensitized backgrounds (Figure 111 in the online-
only Data Supplement). While simvastatin decreased lesion hemorrhage in the
Cem2*~Trp537~ model, neither fasudil, simvastatin nor atorvastatin affected lesion
hemorrhage in the PdcdZ0%/~ mice. Lesion burden in these non-sensitized models was
exceptionally low, even in placebo treated animals, and this may explain the lack of
therapeutic benefit.
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Overall, these studies indicate that both fasudil and atorvastatin are effective in reducing
lesion burden and hemorrhage in the more aggressive forms of CCM disease. In 1995,
parenteral fasudil was approved in Japan for a short course of therapy for the prevention of
cerebral vasospasm after aneurysmal subarachnoid hemorrhage,8 but lacks preclinical
safety studies for approval in the United States for any condition. Fasudil toxicity includes
subcutaneous hemorrhage, subarachnoid hemorrhage, nausea, pyrexia, kidney failure and
hypotension, and it has not been used chronically for any condition.18-22 In contrast,
atorvastatin is commonly used in clinical practice. Human statin dose varies between
approximately 0.1-1 mg/kg bodyweight, while most studies in rodents have used doses of
1-100 (or up to 500) mg/kg.23 Per United States Food and Drug Administration guidelines,
an atorvastatin mouse dose of 80 mg/kg/day is equivalent to a “human starting dose” of 44.8
mg/day [ Human starting dose = Mouse dose X 0.08 (Scaling factor) X 70 kg (Adult
weight)].?* 25 A plasma area under curve (0-24 hours) profile for atorvastatin indicates that
a human adult dose of 96 mg/day replicates the mouse dose of 80 mg/kg/day.2® Per other
empiric evidence, atorvastatin dose of 100 mg/kg/day or greater is needed to decrease
disease activity in collagen induced arthritis murine model,27- 28 while a human dose of 40
mg/day decreases the disease activity score (DAS28) in arthritis patients.2% 30 In the present
study, we have shown a Rock inhibitory effect in mouse leukocytes with atorvastatin 80
mg/kg/day, and this was recapitulated in humans at 40-80 mg/day.31- 32 Hence the
atorvastatin dose of 80 mg/kg/day in our preclinical experiments is within an equivalent
human dose range of 40-80 mg/day, commonly used in clinical practice and shown to
achieve a robust ROCK inhibition effect. Therapy of CCM disease with atorvastatin has
already been proposed for testing in the Atorvastatin Treatment of Cavernous Angiomas
with Symptomatic Hemorrhage Exploratory Proof of Concept (AT CASH EPOC) Trial
(NCT02603328), a phase I/I1A randomized, placebo-controlled, double-blinded, single-site
clinical trial. Data depicted herein served as pre-clinical justification for approval and
funding of this trial (NIH/NINDS R01 NS107887).

Concern has been raised about potentially increased brain hemorrhage by statins based on
high dose administration in zebrafish embryos,33-35 although it is unclear that this is
relevant in mammals. A clinical database at our institution includes 24 human subjects with
CCM s enrolled in Institutional Review Board approved biomarker studies, who are receiving
various statins for routine cardiovascular indications unrelated to their CCM disease
(atorvastatin 10-80 mg; simvastatin 10-60 mg; lovastatin 80 mg). Among those patients
followed prospectively for 247 lesion-years (counting To-weighted lesions > 4mm), there
was only 1 documented symptomatic hemorrhage (SH) (0.4 SH per 100 lesion-years). This
bleed rate is substantially lower than 173 bleeds during 1,604 lesion-years (counting To-
weighted lesions > 4 mm) of follow-up of statin naive cases in the same database (10.7 SH
per 100 lesion-years). While this data does not control for dose, patient demographics or
CCM features, it does not raise any concern about hemorrhagic propensity in patients
receiving statins, nor in comparison to widely reported CCM bleed rates.38 And there were
no cases of CCM hemorrhage after initiation of simvastatin therapy (20-40 mg tablet taken
daily by mouth. Month 1: 20 mg; Months 2 and 3: 40 mg) in a Phase | clinical trial
(trials.gov# NCT01764451) of CCM familial patients in New Mexico (Personal
Communication by trial Principal Investigator Leslie Morrison) nor any reported case in the
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published literature (Search was performed on August 20th 2018 using MEDLINE portal for

keywords “cerebral cavernous malformation”, “angioma” or “cavernoma” and “statin” or
“atorvastatin” and “hemorrhage” or “bleeding”).

Statins have been widely used and well tolerated in neurosurgical patients, including for the
prevention of ischemic deficits after subarachnoid hemorrhage.3” Statins were recently
reported to portend better outcome after intracerebral hemorrhage in man.38 In a meta-
analysis of clinical trials of stroke prevention, including 83,205 patients, there was no
evidence of increased hemorrhagic risk with long term statin use.3® However, two clinical
trials of stroke prevention (but not all others) did signal a potentially increased hemorrhage
risk with statin in secondary analyses.3% A recent report associated statin use with cerebral
microbleeds in patients presenting with intracerebral hemorrhage,*? but did not examine
causation nor relevance to CCMs. Considering all evidence class and level, American Stroke
Association guidelines on management and prevention of intracerebral hemorrhage include
no restrictions on the use of statins in patients with hemorrhagic stroke.*! Altogether the
cautious enthusiasm generated by our data, this information, and some concerns about other
potentially harmful pleiotropic effects, create a veritable equipoise, motivating a need for
specific and careful study of statins in hemorrhagic CCM.34

In all of the CCM murine models tested, body weight was decreased by simvastatin or
atorvastatin therapy, but was unaffected with the specific Rock inhibitor fasudil. This
suggests that the pleiotropic effect of statins reduces body weights through an alternative
mechanism than Rock inhibition. Another group showed that simvastatin reduced body
weight in older mice when treatment started at one year of age, without altering caloric
consumption, suggesting that this may affect energy utilization in these animals.*2 Our study
examined quantified differences in lesional bleeding, but was not designed nor powered to
detect differences in fatal brain hemorrhages or other causes of attrition due to various
pharmacotherapies. The absence of significant differences reported herein does not exclude
potential harmful effects of the respective drugs. In particular, potential harmful effects in
the non-sensitized models may have been missed in view of the low lesion burdens in these
models. However, it is reassuring that none of the drugs increased the very low level of
attrition in the non-sensitized mice. Hence, the greater attrition in the more aggressive
sensitized models was most likely related to their aggressive disease rather than
pharmacologic treatment. Implications of these observations in human use are uncertain, and
will need to be examined, along with other side effects, in the course of trials in CCM
patients.

Although only male animals reached statistical significance in subgroup analysis by sex,
lesion burden was diminished by similar extents in both sex subgroups of Krit1*/~Msh2=/~
mice treated with atorvastatin. Lack of statistical significance in female animals is most
likely due to the low number of female mice in this model, which was noted previously in
CCM models treated with fasudil.1? The biologic basis for male preponderance among mice
bred with these models is presented in the Supplemental Methods. The study was also not
designed to examine potential differences in sensitizer (Trp53 versus Msh2) in the sensitized
Pdcd10 models.
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Taken together, these preclinical findings show that atorvastatin is as effective as the specific
Rock inhibitor fasudil and more effective than simvastatin in reducing CCM lesion in
murine models of CCM disease at the doses indicated. Moreover, all three of these Rock
inhibitors decrease hemorrhage as measured by non-heme iron deposition in the lesions.
Among outcome parameters in human subjects with CCM disease, hemorrhage with
neurological symptoms is the strongest.#3 Hence, the AT-CASH-EPOC trial, is enrolling
CCM patients with symptomatic hemorrhage, with the primary outcome as a reduction of
lesion hemorrhage as measured by quantitative susceptibility mapping magnetic resonance
imaging. In parallel, an ongoing trial readiness** for subjects with the same symptoms will
recruit subjects for the AT-CASH-EPOC trial and for other clinical trials.

Both Rock inhibitors, fasudil and atorvastatin, decreased lesion burden in aggressive Pdcdl0
models. Both of these treatments, along with simvastatin, reduced lesion hemorrhage. These
preclinical results support the testing of atorvastatin therapy in a clinical trial involving
human subjects with CCM disease for potential therapeutic testing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Rock inhibition diminishes lesion burden (left axis, red) and lesion hemorrhage (right axis,
blue) in combined Pdcd10~ Trp53~~ (solid circles) and Pdca10?/~Msh2”~ (hollow circles)
models. Treatment with fasudil and atorvastatin, but not simvastatin, decreased lesion burden
compared to contemporaneously raised placebos. Compared with placebos, treatment of
mice with any of 3 Rock inhibitors decreased non-heme iron deposition in lesions. The 2-
sided Conover 2-sample test was used to assess for significance.
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Atorvastatin

Figure 2.
Representative images generated from micro-computed tomography showing lesions (red) in

brains (A, B) and from Perls staining of hon-heme iron deposition (blue) depicting
hemorrhage (C, D) in combined Pdcd10*~ Trp537~ and Pdcd10*/~-Msh2”~ models. Placebo
mice had a greater lesion burden (A) and lesional hemorrhage (C) compared to those treated
with atorvastatin (B, D). Scale bars are 100 um.
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Rock activity and inflammation within lesions of combined Pdcd10*/~ Trp53~~ (solid
circles) and Pdcd10*/~Mshz~~ (hollow circles) models treated by Rock inhibitors. (A) Rock
inhibition did not affect the prevalence of lesion endothelial cells stained with phosphorylate
myosin light chain (pMLC) compared with placebos. (B) The prevalence of lesion
leukocytes stained with pMLC was decreased by 80% in mice treated with fasudil and was
halved in those treated with atorvastatin compared with placebos. In contrast, simvastatin
did not affect the prevalence of lesion leukocytes with Rock activity compared with
placebos. (C) The total number of B lymphocytes per lesion was halved by simvastatin
treatment, but unaffected by fasudil and atorvastatin, compared with placebos. (D) The total
number of T lymphocytes per lesion was significantly decreased by fasudil, simvastatin and
atorvastatin treatments compared with placebos. The number of lesions analyzed is
designated by n, from 5 mice per group. The 2-sided Conover 2-sample test was used to

assess for significant differences.
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Figure 4.
Attrition in combined Pdcd10*/~ Trp537~ and Pdcd10%~Msh2”~ models. Kaplan-Meier

plots show no significant effect of fasudil (n=9), simvastatin (n=13) or atorvastatin (n=17)
treatment on survival compared with placebos (n=20) from weaning to the earliest age for
the end of treatment (100 days of age). Although end of treatment ranged between 100 and
126 days of age, we compared survival curves up to 100 days, as all mice in the placebo and
treatment groups were electively euthanized per intention to treat after at least 100 days. All
animal attritions are reported and compared in Table 1V in the online-only Data Supplement.
There were neither overall significant differences (P=0.467), nor any individual significant
differences between Rock inhibitor treatment and placebo groups (all ~>0.24). When the
entire 26-day range for ages of end of treatment were included in the analysis, there were
neither overall significant differences (£=0.259), nor any individual significant differences
between Rock inhibitor treatment and placebo groups (all 2>0.10). The log-rank (Mantel-
Cox) test was used to assess for significant differences.
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