BPM31510 Increases The CoQ Pool In Cerebellum As Assessed By Spatial Quinomics And Restores Kidney Function In

Preclinical Models Of CoQ Deficiency
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ABSTRACT FIGURE 5: BPM31510 Delivers CoQ10 Throughout Myocardium of Cog4f147¢ Mutant Mice Increasing the Q Pool

Introduction: Primary Coenzyme Q10 (CoQ,,) deficiency (PCQD) is a rare Wittrested BPM31510 treated
mitochondrial disorder caused by mutations in genes involved in CoQ biosynthesis
(e.g., COQ4, PDSS2). The resulting decrease in mitochondrial CoQ levels impairs Nottreated

electron transport chain activity, leading to defective mitochondrial respiration,
increased oxidative stress, and dysfunction across high-energy—demand tissues such
as brain, heart, kidney, and skeletal muscle. PCQD is clinically heterogenous, but two
predominant phenotypes are commonly observed: progressive ataxia (driven by
cerebellar metabolic abnormalities) and renal dysfunction. Although oral CoQg,
supplementation has been investigated clinically, its therapeutic impact is limited by
poor absorption and suboptimal tissue distribution, particularly to the CNS.

Methods: BPM31510 is a lipid nanoparticle formulation of oxidized CoQ,, designed ,CoQ9 - blue, Vascular(HEME B) - red
to enhance bioavailability and tissue delivery. In the current study, we assessed the ROIT e RO Figure 5: Cardiac function is
ability of BPM31510 to increase CoQ levels in Cog4f*47¢ mice, a novel genetic knock-in . ﬁr—ﬂﬁ _ ﬁ,_: commonly. affected in PCQD and

model for PCQD, as well as Pdss2%@/kd mice, utilizing a mass spectrometry platform that
leveraged both targeted LC-MS/MS and spatially resolved MALDI-MSI.

Results: BPM31510 treatment significantly increased oxidized CoQ,, levels across
multiple tissues, most importantly the cerebellum and kidney. MALDI-MSI revealed

even more so in mitochondrial
diseases in general. To assess
cardiac delivery of CoQl0 by
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regional and spatial increases of CoQ,, within the brain, particularly within the T using MALDI-MS! quinomics which
cerebellum. Spatial quinomic analysis further demonstrated increased level of CoQ,, o revealed significant increase of
in the molecular and granular layers as well as the fiber tracts of the cerebellum in 2 == . T T CoQ10 throughout cardiomyocytes.
BPM31510-treated PCQD models. In the kidney, BPM31510 enhanced oxidized CoQ,, S| e-1Flak. e This delivery statistically increased
levels in the outer cortex, medulla, and pelvis regions of BPM31510-treated PCQD ol i 1 ] the overall CoQl0 pool in the
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animal models, as assessed by spatial quinomics. Importantly, in the Pdss2%@/kd mouse ARy &

model, BPM31510 treatment led to resolution of proteinuria at 3 months of age, e e
within just two weeks of therapy.
Conclusion: These preclinical studies highlight the translational potential of
BPM31510 treatment, demonstrating enhanced spatial delivery of CoQ10 and
improvements in disease-relevant measures characteristic of PCQD pathophysiology,
supporting further investigation.
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Figure 6: Renal dysfunction is a
common clinical presentation in
PCQD and mitochondrial
diseases. To assess delivery of
CoQ10 throughout renal
subcompartments (outer cortex,
inner cortex, medulla, pelvis,
and vascular regions) we

Nottreated

FIGURE 1: CoQ10 and Challenges of Developing CoQ10 as a Therapeutic

plays an integral role in mitochondrial '
,CoQ9 - blue, Vascular(HEME B) - red

metabolism, ROS generation, and maintaining the @ @ _ T T performed MALDI-MSI
: - | : : F147¢
electron gradient @ ¢ /e./@ quinomics on WT and Coq4
. \/\ E o = _ mutant untreated and
Challenges in Development of as a Therapy cl M a an—[CHl O | - o I N P BPM31510 treated mice.
+ Poor oral bioavailability (<0.1%) v / = S i RN BPM31510 demonstrated
* Lack of pharmaceutical cGMP grade product/formulations for IV, subQ, e : ﬁﬂ-@@ ) increased delivery of CoQl0
topical, or oral formulations erron &5 L P across kidney subcompartments
* Low pK/PD ratios to effectuate mitochondrial function at tissue level Pallotti et al Int J Mol Sci 2022, 23,128 Vehide _BPM31510 Vehide BPM31510 Vehide BPM31510 increasing the COQ poo' Within
* A true lack of the translational potential of the molecule in mainstream s : : :
medicine and pharmaceutical ecosystem 24, ﬁr—,_: " the tissue subreg.lons. This
Cg o i PR suggests potential broad
ROI 2- Inner O E =] ;m functional activity throughout
e ; B the kidney.
* Proprietary & formulation ROl %P ; o
 Contains and nanoparticle lipid membrane to modify mitochondrial — el = e B
metabolism
c A -like capsule
. . )
H,CO CH d ¥ - ” s SIS 3=
: : EanChment In . k X Poss ggl;\\?vfa:/ha'ceg‘,?st.)dzst:’tlwran:i,rlnbhes.s) ‘© BPM31510 n=4
D A Well-tolerated with a A £ &/ Vehicle n=4
. -
o ' dC
Pdss2 mutant J,COQQ e oL E .
FIGURE 3: BPM31510 Treatment Of A Coq4f1%4’¢ Mouse Model mouse (kd/kd) c
H
‘é’ Relative protein levels
" . . o o
Human C0Q4 mutation Mouse Coq4 mutant Figure 3: In humans, COQ4 mutations 5 AT o 0 = undetectable
,. //'(‘)*/gﬁ\\ present as a neurological, muscular \ proteinuria & 17 0.5 = trace
Cerebellar atrophy, /o ¥ Cogs )\ . L. A o _
970 Gevelopmental delay .. Bin Y and cardiac condition due to CoQ10 - ;:?gnmgf "‘i
TS SCIZES: : deficiency. A Cog4f147¢ mutant mouse ool 1o e, - 32500 Eé
RN /o N— / model was generated leading to CoQ 04—
‘ &/K cardiomyopathy. N deficiency across tissues. To evaluate 0 2 4 ¢
1 \ \ | [ J .
| _— = delivery of CoQ10 through BPM31510 renar e delfgam <5 Treatment time (weeks)
\ \ otonia or ’ . impro in ki ' ; : ihi ; i i
b il Banti \ JENI, treatment, we treated mice for two . | improvement in kidney function Figure 7: Pdss2kd/kd mice exhibit a dominant nephrotic dysfunctional
el . 1 1 1 1 1 1 ’ eg ® . . ]
motor deficits. weeks followed by evaluating CoQ10 R S ——— P phenotype due to abnormalities in kidney CoQ levels demonstrating a

) Full knock-in levels spatially across key tissues <  Uniested pace,  PYOBFESSIVE increase in proteinuria. Pdss2/kdmice were treated at 3
Y i oprvone involved in CoQl0 deficiency 2 B / ha/kel Toice months of age (an age where clear kidney pathology is exhibited) with
) pathogenesis (i.e. brain- most notably Wi £ /Treatmem BPM31510 to evaluate kidney CoQl10 levels, pathology, and
\ cerebellum for ataxia, heart, and Months subsequent effect on proteinuria for the course of 2 months of
£0Q4 stabilizes CoQ biosynthetic kidney). A spatial MALDI-MSI BPM31510 treatment.

complex, loss reduces electron

transport (CI/1l— Cil) quinomics workflow was developed

spraying deuterated CoQl0 onto (A) Vehicle CEMA1510 trented (B)
tissue and measuring single cell levels WT PDSS2 T . Oxidized CoQ10

' of CoQ levels across tissues to assess
> > delivery of CoQ10 from BPM31510.

BPM31510 Dosing g
BPM31510 |

400

300

200+

Intensity (a.u.)

WT PDSS2 WT PDSS2

Vehicle BPM31510

Free Sulfate Levels

Vehicle BPM31510 treated Figure 8: BPM31510 increased kidney CoQ10 levels in WT and
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investigation evaluating metabolites impacted by CoQ activity
revealed an increase in free sulfate levels in BPM31510 treated
SIS MRS WT and Pdss2kd/kd mice (C).

CONCLUSIONS

« BPM31510 was investigated in two independent preclinical models of PCQD to evaluate restoration of CoQ pool in
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Figure 4: MALDI-MSI spatial quinomic
assessment of wildtype and Cog447¢ mouse
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Layer §ag|ttal bran:slrevealed. qhuantltatlve increases multiple tissues impact by primary CoQ deficiency.
e n C.o.QlO aelivery wit i BPI\./|.31510 across . BPM31510 treatment in a Cog4F47¢ mouse model demonstrated a statistical increase of CoQ10 in brain, cerebellum, and
e specific brain regions as identified by CoQ10

cerebellar subregions in treated mice increasing the overall CoQ pool as well as the ability of BPM31510 to cross the
blood brain barrier. Further, BPM31510 was able to increase CoQ pool throughout the myocardium along with several
subregions of kidney in the Cog4f14’¢ mouse model as determined by MALDI-MSI spatial quinomics.

e Treatment of BPM31510 in Pdss2*¥/kd mice revealed an improvement of proteinuria as well as increase in the CoQ pool
and sulfate generation in the kidney of treated mice as determined by MALDI-MSI spatial omics.

* In summary, BPM31510 was able to increase the CoQ pool in PCQD preclinical models overcoming major hurdles in the
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