71981

Treatment-Induced Epigenetic Modifications in MCI and Probable Alzheimer’s Disease
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BACKGROUND “ Gene-specific DNAm analysis Table 4. Frequency of significant Spearman correlations between changes in DNAm (individual CpG residues) and clinical

measures after 14 weeks of NE3107 treatment

. . i isti » The top 400 CpGs with decreased methylation (decreases >50%) were explored for correlations with changes in clinical results followin
« Alzheimer’s disease (AD) exhibits global and several tissue- and gene-specific alterations in DNA methylation, '3 an epigenetic modification * 23 patients were enrolled in the study and Jel 1 Bl Gl e e treatmgnt . i ( 0) . - - Clinical Anti- Neuro-
generally occurring at CpG sites,* as well as an increase in the epigenetic age,® a reliable indicator of biological age and overall health® received 20-mg oral NE3107 twice daily for 3 Characteristic All patients (N=23) Insulin signaling? Anti-oxidant® infl t Anti-apoptoticd Anti-amyloid® timulatory'
o _ , _ , , _ _ , months - 366/400 CpGs were associated with identified genes OAEETRE inflammatory® SHEVE)
« Chronic inflammation, thought to be instrumental in AD pathogenesis and disease progression,” has also been shown to induce extensive and Age, mean (SD) 71.1 (9.50) . .
aberrant DNA hypermethylation8 « Table 1 shows the demographic and baseline S d w0 . - Changes for CpGs that showed Spearman correlations (P<0.05) with individual clinical changes (biomarker, cognition, function, and MRI neuroimaging
characteristics of the study patients ender, n (7 imaging) were highly intercorrelated and were predominantly related to genes for which decreased expression has been implicated in AD i
* NE3107 is an investigative, oral, small-molecule, blood-brain barrier—permeable compound with potential anti-inflammatory and insulin- . y p. Female 16 (70) ging) oy P Y g P P Hippocampus 16 24 9 4 3 ! o
sensitizing functions thought to result from binding to ERK and selectively inhibiting ERK-, NF-kB—, and TNF-a—stimulated inflammatory Skin and blood clock analysis Male 7 (30) « A total of 167 of these genes showed significant Spearman correlations with changes in at least 1 clinical measure from the study Grey matter? 91 78 24 24 22 26
; . . . X . . X - . 5 ) ) o ) o i
signaling, without affecting homeostasis, and is being evaluated for its ability to slow or prevent progression of MCI and AD + At baseline, patients’ epigenetic age Family history. 1 (%) _ 42 of these correlated with =2 clinical measures, with correlations in the direction of improvement for the clinical measures (Table 3) Frontal lobe 238 152 44 49 36 69 ‘
« In a recent exploratory, phase 2, open-label, 3-month clinical trial (NCT05227820) in 23 patients with MCI or mild to moderate dementia, (estimated using the DNAm-based skin and AD ’ 5 (22 . . . — T Temporal lobe 181 12 26 28 13 49 5
NE3107 treatment was associated with the following clinical improvements: blood clock) closely matched their ) - . (22) - One such gene, CEP112, which encodes centrosomal protein 112, important for cell division and cell cycle progression,' and is Parietal lobe 91 154 40 47 14 74
’ chronological age (+0.3 y; Tables 1 and 2) AD, dementia, unspecified etiology 2(9) downregulated in AD,'® showed significant reduction in DNAm which was correlated with several measures of cognition, specifically Occipital Iob 17 28 5 > > 5
- Increased perfusion and functional connectivity in several regions of the brain (primary endpoint)'° L - : AD, PD 1(4) ADAS-Cog11, CDR, and ADCOMS (Figure 4) ccipital lobe
. . . . o _ . . . Several statistically significant improvements Dementia, unspecified etiology 4 (17) Glutathione 67 43 27 14 8 20
- Reduced inflammation (lower TNF-a), CSF AD biomarkers (pTau and pTau:AB42 ratio), and oxidative stress (increased brain glutathione)!" in the DNAm-based outcomes were seen PD ’ 1(4 » CpG residues with a significant median decrease in the change from baseline were individually correlated with each clinical measure evaluated C o
" o after 3 months of NE3107 treatment (Figure (4) as part of the clinical trial ognitive assessments
- Better neurocognitive functioning (including improved ADAS-Cog11, QDRS, and ADCOMS)'? 2 and Table 2): QDRS score. mean 507 CDR 15 >3 3 5 5 10
— Significant improvements in the clinician-, patient-, and caretaker-rated Global Rating of Change (GRC)'2 ; ; : . - The frequency of significant Spearman correlations for changes in all 850K CpGs within representative genes involved in insulin signaling;
9 P oL ’ 9 9 - The epigenetic age decreased by 3.3 CDR score, n (%) anti-oxidant, anti-inflammatory, anti-apoptotic, and anti-amyloid responses; and neurostimulation was calculated for each clinical measure MMSE 31 29 18 7 3 5
— Reduction in depression severity and improvement of dementia symptoms’3 years, indicating a younger biological age 0.5 18 (78) (Table 4) ADAS-Cog11 26 16 12 4 9 8
compared to baseline 1 5(22) ADCOMS 13 17 4 3 5 )
* Given the potential roles of inflammation and aberrant DNA methylation (DNAm) in AD pathophysiology, we evaluated the scope of the Table 3. Gene-specific DNAm analysis
anti-inflammatory effects of NE3107, including changes in DNA methylation and epigenetic age of the patients in the NCT05227820 trial - DNAmPackYears, a DNAm-basedM MMSE, n (%) . : MoCA 23 8 8 2 2 6
?jé'&izog o;; imcélélpsgop;ascsl;o—/years, was 220 (MCI to mild dementia) 18 (78) Median DNAm Significant Spearman correlations with QDRS 10 19 6 3 1 8
OBJECTIVES ySay ° <20 (moderate dementia) 5(22) change clinical measures? PDQ-9 71 49 22 6 17 18
- DNAmLeptin was reduced by 40% after PDQ-9, n (%) n=22 Biomarkers
NE3107 treatment <5 (none to minimal depression) 7(32) CEP85L cg14346555 -0.590 |ADAS-Cog11, tgrey matter - = = s s 3 =
_ . >5 (mild, moderate, or severe depression 15 (68 SPDYE4 ¢cg21610999 -0.5568 |ADAS-Cog11, tprecuneus glutathione plau
* This exploratory, phase 2, open-label, 3-month study explored the potential effects of anti-inflammatory NE3107 treatment on epigenetic f?gjﬁ@monaotcg;es;?r?eelz;%dv\\,/\;ﬁlr:eTn%nn%Ccyttee ( P ) (68) VRK2 13118287 20.568 ADAS-Cod11. 1GRC pTau/AB42 46 43 19 6 5 15
modifications, specifically DNA methylation, in addition to neurophysiological health, neurocognitive function, biomarker status, oxidative stress, freéuenci did not cha’nge significantly 0\¥er AP20E status ) c9 : ! -Cogt1, 1 AB42 11 24 9 7 1 15
depression symptoms, and functional improvement (GRC), as well as the overall treatment experience, in patients with dementia i e S e e e Rt ey, L Ezii 1 EZ; CEP112 cg01504018 -0.531 IADAS-Cog11, |CDR, |ADCOMS, 1GRC Tao 32 38 170 > > 15
* Here, we report the post-treatment changes in the DNAm-based skin and blood clock® profile, gene-specific changes in the DNAm profile, as by 29% €3/e3 9 (39) ILKAP €g20598555 -0.539 JADCOMS, |QDRS TNF-a 23 17 14 7 8 8
well as correlations among changes in DNAm and other clinical measures from the study « There were no significant changes in DNAm €3/c4 10 (44) DBNDD?2 g01373262 0561 |CDR, |ADCOMS s IlclfffkI?\;II;IJL?I;':&I?Eb?f;%liziﬁ;ifec GPX, GSS, GSR, AATF, ARSS, ATM, NEDDA, ZMAT, TXN, TXNRD, and PRDX; L6, L4, 110,113, NFKEIB, SIRT, and LRRFIP1; AP and BIRC; *SORL1, PIGK, UBAT, and ZNFa31; NEURODT, BDNF,
of T cells, NK cells, or granulocytes (Table 2) cd/ed 1(4) . . —— ’ )
CAB39L cg00467160 -0.544 |ADCOMS, |QDRS, 1GRC, |CSF Tau
Study Design A. DNAm age DNAm age (skin and blood) B. DNAmPackYears DNAmPackYears SLC26A1 €g23958868 -0.573 |ADCOMS, |QDRS
(skin and blood) Change from baseline Change from baseline NPHP4 15324288 ~0.528 ADCOMS. |QDRS - Overall, NE3107 treatment significantly decreased the epigenetic (biological) age compared to the chronological age and was associated with
* This was a single-arm, open-label, phase 2 trial evaluating the efficacy and safety of 20-mg oral NE3107 administered twice daily 15 40 9 : ! ’i significant reductions in DNAmPackYears, DNAmLeptin, and DNAmMonocytes
(approximately 12 hours apart) to patients with clinical dementia over a duration of 3 months (Figure 1) ] . . IQGAP1 c023480821 -0.515 ADCOMS. |CSF AB42 ' ’
mA 721 Q 9 ! . 4 B * NE3107 treatment was also associated with >50% reduction in DNAm of 400 CpGs, 366 of which had identifiable genes
Study Population L o - g OR1067 cg18910882 ~0.525 TGRC, |QDRS-behavior « When correlations were examined for the entire 850K array, potentially functional correlations were observed between clinical and epigenetic
Key inclusion criteria g . —geee £ —* .33 WDR59 cg00519320 -0.514 |PDQ-9, tfrontal lobe changes
» Age 50-89 years 10 ’ ',’ ’ §; 1 %° CXCR7 cg15650509 -0.549 |CSF pTau, |CSF pTau/Ap42, |CSF Tau * Increases in precuneus glutathione levels (measured by MRS) significantly correlated with reductions in the DNAm of 43 CpGs related to anti-
. . " . . . - ) idant , including th di lutathi d thioredoxi
« Diagnosis of cognitive decline due to degenerative dementia 19 KIR2DL3 cg01171428 -0.550 tprecuneus glutathione, | CSF AB42, |systolic BP il EUISC T INIC e STEOEINO JTSETENS andrnioreconn, Snzymes
- Decreased glutathione levels have been shown to be associated with cognitive decline in humans'”
« QDRS score range 1.5-12.5; converted CDR score of 0.5 (MCI) or 1 (mild dementia) ] Mean change from baseline: -3.3 y Mean change from baseline: 9.4 y PAIP2B cg16116663 -0.538 |CSF AB42, |CSF Tau O i M- s v ° " h . ah biacts 849
E 95% Cl: =5.28 to -1.35 . — Thioredoxin has been shown to be associated wi rogression and cognitive changes in human tissue and human subjects'®
Figure 1. Study design " (95% Ci: -5.28 {0 -1.35) (85% CI: 142010 -4.63) SRSF4 g01993027 -0.564 |CSF pTau/AB42, tgrey matter, ffrontal lobe, 1CSF AR42 - o e e IR d ‘ J o
10 ' ' ' 19/22 (86%) decreased 21/22 (95%-) docreased SELT 900832928 0593 Hfrontal lobe, grey matter * Reduction in plasma TNF-a levels S|gn|f|cantly correlated with reductions in thzg DNAm of 14 CpGs related to anti-inflammatory genes, including /L6,
0 o 3 o : ) IL10, and also LRRFIP1, whose protein product represses TNF-a expression
~ f Post-treatment assessments\ PELP1 913593809 ~0.578 tfrontal lobe, 1grey matter, |weight - Experimental therapies targeting TNF-a in humans have been associated with improved cognitive function?'
[nsc(l)ugéon crltell':ja Active Treatment Neuroimaging c DNAmLeptin ch DNAmeeEt'” i D. DNAmMonocytes DNAmMonocytes MCM10 €g01490296 0.572 Tgrey matter, |systolic BP « Volumetric changes in the hippocampus, subcortical grey matter, as well as frontal, temporal, parietal, and occipital lobes significantly correlated
) Co-gnit?/ve;;sezline due . gic;ﬁ::\lgrzerformance ange irom baseline 012; Change from baseline EMC2 cg13442241 ~0.552 1grey matter, |systolic BP with reductions in the DNAm of numerous CpGs associated with genes related to insulin signaling and anti-oxidant responses
. * i 05. . N . . . . . . . . . . .
to dementia NE3107 BID . GRC ° %o 3 0 . DHFR 904272309 -0.543 tprecuneus glutathione, 1frontal lobe, 1grey matter - Volumetric changes in the brain have been associated with alterations in cognitive function in patients with MCI and dementia??
* QDRS score: 1.5-12.5 20 mg 12 hours apart » Depression severity g -s000 O 0'105 LRRC69 09339848 0.534 CSF pTau/AB42 , lut tr;' frontal lob tt * NE3107 may trigger epigenetic changes that alleviate inflammation and oxidative stress, restoring homeostatic regulation and enabling the
& T8 AR NN T 00 L0 TN -0. ’
* CDR score: 0.5 (MCI) : « Participant experience g Se N P A 9 ! pTau/AB42, Tprecuneus glutathione, ffrontal lobe, fgrey matter recovery of gene expression that may improve several clinical measures of MCI and AD; transcriptomic analyses in future studies may help
or 1 (mild dementia) N=23 : 3 Months « Multimodal correlations E ° ° z T eees FAM184A €g24402990 -0.516 tprecuneus glutathione, 1grey matter validate this hypothesis
J : i . £ g 2005 o0 . - d e 8 :
Baseline assessments \ Epigenstic analyses = 15000, ° E"Ue- ” o RBPJL €g27133230 -0.559 tprecuneus glutathione, 1frontal lobe » Metabolic dysregulation is a cardinal feature of AD,23 and findings from this study suggest that NE3107 may help to restore metabolic
N ) . & 3 - - homeostasis through extensive epigenetic remodeling and increased correlations between clinical measures and genes with reduced DNAm,
Ceur(_’t'_mag'ng 20000 : 0043 010 INO80 cg00470768 -0.548 Tprecuneus glutathione, |systolic BP consistent with its pro-homeostatic effects in obese patients with diabetes2#
+ Cognitive performance E - -
. Biomarkers N E .. SLC41A2 924073653 -0.533 Tprecuneus glutathione, | systolic BP - Taken together, NE3107 treatment-associated changes may be indicative of broad and multisystemic regulatory activities within mechanisms
Mean change from baseline: -5312 0027 Mean change from baseline: —0.022 ; ; ; i i i i 022,25
*+ GRC (95% CI: -6727 to -3897) (95% CI: -0.034 to —0.0102) *Arrows indicate the direction of change with decreased DNAM. associated with the diagnosis and progression of cognitive disorders, MCI, and dementia®?
* Depression severity P<0.0001 0001 P=0.001 * These data suggest that NE3107 may have broader anti-inflammatory functions than previously thought and support further investigation of
+ Epigenetic analyses : " vons 2 : 22/22 (100%) decreased 0 " vonins 2 3 17122 (77%) decreased Figure 4. Correlations between changes in CEP112 DNAm and cognitive outcomes NE3107 in AD
A c » An ongoing phase 3, placebo-controlled study (NCT04669028) is evaluating the safety and efficacy of NE3107 in ~400 patients with probable AD
. B. .
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methylation (decreases >50%) were explored for correlations with changes in clinical results following treatmen DNAmMCDA4Tcell 0.185 (0.105) 0.152 (0.069) -0.033 (-18%) ns - after NE3107 treatment (Fisher exact test P<0.0001)
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_ _ suggesting a re-establishment of homeostasis JH, KJ, ER, KM, RS, VV, SB, TK, and SJ have received grant support from BioVie Inc.
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at-test; PR2 (t distribution).

AATF, apoptosis antagonizing transcription factor; AR, amyloid beta; AD, Alzheimer's disease; ADAS-Cog11, the 11-component Alzheimer’s Disease Assessment Scale -Cognitive Subscale; ADCOMS, Alzheimer's Disease Composite Score; AKT, AKT serine/threonine kinase; APOE, apolipoprotein E; ARSB, arylsulfatase B; ATM, Ataxia-Telangiesctasia mutated; BDNF, brain-derived neurotrophic factor; BID, twice daily; BIRC, baculoviral IAP repeat-containing; BP, blood pressure; CDR, Clinical Dementia Rating; Cl, confidence interval; CpG, cytosine-phosphate-guanine; CSF, cerebrospinal fluid; ERK, extracellular signal-regulated kinase; GPX, glutathione peroxidase; GSR, glutathione-disulfide reductase; GSS, glutathione synthetase; GST, glutathione S-
transferase; IAP, inhibitors of apoptosis; /GF, insulin-like growth factor; /GFR, insulin-like growth factor receptor; IL, interleukin; INS, insulin; IR, insulin receptor; IRS, insulin receptor substrate; LRRFIP1, leucine-rich repeat flightless-interacting protein 1; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; MRI, magnetic resonance imaging; MRS, magnetic resonance spectroscopy; NBM, nucleus basalis of Meynert; NEDD4, neural precursor cell expressed, developmentally down-regulated protein 4, E3 ubiquitin protein ligase; NEUROD1, neuronal differentiation 1; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; NFKBIB, NF-kB inhibitor beta; NGF, nerve growth factor; NK, natural
killer; ns, not significant; NTF3, neurotrophin 3; NTRK, neurotrophic tyrosine receptor kinase; PD, Parkinson’s disease; PHQ, Patient Health Questionnaire; PI3K, phosphoinositide 3-kinase; PIGK, phosphatidylinositol glycan anchor biosynthesis class K; PRDX, peroxiredoxin; pTau, phosphorylated tau protein; QDRS, Quick Dementia Rating System; SD, standard deviation; SIRT, sirtuin; SORL1, sortilin related receptor 1; TNF-a, tumor necrosis factor alpha; TXN, thioredoxin; TXNRD, thioredoxin reductase; UBA1, ubiquitin-like modifier activating enzyme 1; ZMAT, zinc finger matrin-type 3; ZNF331, zinc finger protein 331.
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