
0%

20%

40%

60%

80%

100%

0 1 2 3
0%

20%

40%

60%

80%

100%

0 1 2 3
0%

20%

40%

60%

80%

100%

0 1 2 3

R2pχ2 (df)Effect
0.1610.9210.010 (1)Age
0.1160.00111.076 (1)REST.

ANOVA, A–C

REST mRNA

A. 17th Age %ile

P
ro

ba
bi

lit
y

REST mRNA

B. median Age

P
ro

ba
bi

lit
y

REST mRNA

C. 84th Age %ile

P
ro

ba
bi

lit
y

x~25th 75th x~25th 75th x~25th 75th

0%

20%

40%

60%

80%

100%

0.35 3.5
0%

20%

40%

60%

80%

100%

0.35 3.5
0%

20%

40%

60%

80%

100%

0.35 3.5

0%

20%

40%

60%

80%

100%

0.35 3.5
0%

20%

40%

60%

80%

100%

0.35 3.5
0%

20%

40%

60%

80%

100%

0.35 3.5

miR-153-3p (µmols)

D. Low REST, 17th APP %ile

P
ro

ba
bi

lit
y

miR-153-3p (µmols)

G. High REST, 17th APP %ile

P
ro

ba
bi

lit
y

miR-153-3p (µmols)

E. Low REST, median APP

P
ro

ba
bi

lit
y

miR-153-3p (µmols)

H. High REST, median APP

P
ro

ba
bi

lit
y

miR-153-3p (µmols)

F. Low REST, 84th APP %ile

P
ro

ba
bi

lit
y

miR-153-3p (µmols)

I. High REST, 84th APP %ile

P
ro

ba
bi

lit
y

x~25th 75th x~25th 75th x~25th 75th

x~25th 75th x~25th 75th x~25th 75th

R2pχ2 (df)Effect
0.341< 0.00111.929 (1)miR153-3p
0.2780.0513.824 (1)APP.
0.0960.0463.977 (1)REST
0.2680.0096.840 (1)miR153 × APP

Diagnosis
NCI
MCI
AD

ANOVA, D–I

2. Mechanistic studies: miR153 binds at specific 
sites and reduces REST 3’-UTR mRNA activity.

4. Neurodifferentiation studies: miR153 correlates 
variation of effect by differentiation.

Introduction
Alzheimer’s disease (AD) is one of the leading causes of dementia worldwide. The 
underlying pathogenesis of AD is still poorly understood. Genetic, epigenetic, and 
environmental factors play important roles in AD etiology.1 We hypothesize that AD 
results from dysregulation of key biochemical pathways and their regulatory molecules, 
including transcription factors and non-coding RNAs. Dysregulation of one such factor, 
repressor element-1 silencing transcription factor (REST), could lead to AD.2 How REST is 
dysregulated remains poorly unknown, especially at the post-transcriptional level. 
MicroRNAs (miRNAs), a group of short non-coding RNAs that typically regulate protein 
expression by interacting with target mRNA transcript 3’-untranslated region (UTR)s, 
play essential roles in AD pathogenesis3-9 and involves in REST metabolism. Herein, we 
demonstrate that miR-153-3p (miR153) binds REST 3’-UTR, reduces REST mRNA and 
protein levels in multiple human cell lines, and downregulates APP and SNCA. Further 
REST proteins (120-250 kDa) undergoes extensive posttranslational modifications 
(PTMs). We also report that miR153 elevation is associated with reduced AD probability, 
while conversely, elevated REST is associated with a higher AD probability.
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3. Transfection studies: miR153 treatments effects on 
REST, nestin and doublecortin in neural stem cells.

Methods
We measured REST mRNA and miR153 levels in brain tissue from subjects with no 
cognitive impairment (NCI), mild cognitive impairment (MCI), and AD by qRT-PCR. We 
used human cell lines, iPSC-derived neuronal cells, and miRNA transfection to study 
the mechanisms of REST and its regulatory miR153. We transfected human cell lines, 
including epithelial, astrocytes, microglia, and neuronal cultures, with either mock, 
miR153 mimic, its antagomiR, combination of both, or negative control mimic for 72 hr. 
After harvesting cells, we prepared total RNA and protein from lysates. APP, REST, PARP, 
and pro-apoptotic cleaved caspases protein levels were determined by Westerns. Real-
time quantitative PCR (qPCR) assays to determine APP and REST mRNA levels. The CTG 
(CellTiter-Glo) assay measured ATP as an indicator of cell viability. We also detected 
different REST protein due to PTMs by Western immunoblotting.

9. miR153 regulation of APP, REST and SNCA in 
neural cells. 

5. PTMs studies: Differences of relative REST band 
densities by diagnosis. 

6. Genomics studies: Specific SNPs on MIR153-2 
gene effects on Aβ deposition. 

Conclusions

We gratefully acknowledge that association studies of SNPs near the MIR153 
genes with endophenotypes  were performed in ADNI cohort using the ADNI 
database (adni.loni.usc.edu).12 We sincerely thank the support from NIA/NIH: 
R01 AG051086, R56 AG072810, R56 AG051086, P01 AG014449, R21 
AG076202, and REC-IADRC P30AG010133. We thank IUSM Core facilities for 
RNAseq and Proteomics, and N. Chopra and M. Juboori.

7. RNAseq studies: RNA-sequencing analysis of 
miR153 transfection in differentiated neuronal cells. 

8. Proteomics studies: Protein-protein interactions 
of confirmed and likely miR153 targets in human 

hippocampus and frontal cortex regions. 

Results
Multiple REST bands were detected by Western blotting, including bands at 120, 140, 
160, and above 250 kDa. The 160kDa band corresponded to the full-length nuclear 
REST protein, which was associated with AD progression. Elevated REST mRNA is 
associated with a greater likelihood of AD, while elevation of miR153 is associated with 
a reduced probability of AD. MiR153 treatment reduced the activities of REST 3’-UTR 
and REST protein levels. MiR153 and REST siRNA treatment in epithelial, astrocytic, and 
microglial cell lines led to apoptosis and cell death, as evidenced by increased cleaved 
caspases 3, 7, and 9 and PARP, and reduced CTG values. MiR153 treatment reduced 
REST and promoted neuronal differentiation.

1. Human brain studies: AD risk is reduced as miR153 
levels increase, and REST partially reverses this effect.

Fig. 1: AD risk is increased as posterior cingulate cortex REST mRNA levels 
increase and reduced as miR153 levels increase. REST partially reverses this 
effect. A logistic regression model was constructed from mRNA and miRNA 
levels. A-C) Age is shown at 17th percentile (%ile), median, and 83rd %ile. D-I) 
REST effects shown are at 25th %ile and 75th %ile. APP effects at 17th %ile, 
median, and 83rd %ile.

Fig. 2: Predicted miR153 sites in REST 3’-UTR and effects of miR153 mimics on 
REST 3’-UTR activity. REST 3’-UTR was compared with the miR153 sequence 
via StarMir utility. Four putative sites were found. Multiz alignments with 11 other 
mammalian species are shown. A) REST mRNA sequence. B) Site between 
4262-4290. C) Site between 4328-4354. D) Site between 4458-4490. E) Site 
between 4512-4534. F) Structure of Gluc/seAP vector with REST 3’-UTR. G) 
Transfection of empty GLuc/seAP vector or REST 3’-UTR, co-transfected with 
miR153, antagomiR, miR153 + antagomiR, REST siRNA, and NCM (negative 
control), in HeLa cells. H) Time course of effects of miR153 or antagomir on 
GLuc/seAP ratio. The interval from 36-96 hours was modeled as a repeat-
measure ANOVA. I) REST 3’-UTR was mutated as shown. J) Transfection of 
empty GLuc/seAP vector and vector with native or mutant REST 3’-UTR, co-
transfected with mock, miR153, antagomiR and NCM in HeLa cells.

Fig. 3: Effects of miR153-3p treatments on REST, nestin and doublecortin in 
neural stem cells. Neural stem cells were cultured and treated with miR153-3p, 
and other oligomers. A) Western blot against four specific antibodies as shown. 
B) Densitometry of REST, nestin and doublecortin proteins, as well as levels of 
CTG. 

Fig. 4: Human iPS cells 
(iPSCs) were differentiated 
into neural progenitor cells 
(NPC), neurons and 
astrocytes. Cells were 
harvested, protein lysed 
and analyzed by A) 
Western blot. B) 
Densitometric analysis/ 
quantification of REST, 
NSE and doublecortin 
proteins adjusted to β-actin 
signal for the respective 
blot. C) Endogenous 
miR153 levels and REST 
mRNA from ipsc, npc, 
neurons and astrocytes. 
miR153 correlate variation 
of effect by differentiation 
stages.

Fig. 7: RNA-sequencing data analysis of miR153 transfection in neuronal cells. 
Differentiated neuronal cultures were transfected with miR153-3p or antigomiR. 
mRNA samples were subjected to A) RNA-seq assay followed by B) pathway 
analysis.

Fig. 8: Proteomic analysis was performed and data filtered as described herein. 
Red points represent proteins with miR153-3p ÷ mock abundance < 1 and 
antagomR ÷ mock abundance > 1. Blue points represent miR153-3p ÷ mock 
abundance > 1 and antagomir ÷ mock abundance < 1.  Protein-protein 
interactions of confirmed and likely miR153 targets in hippocampus and frontal 
cortex. 

Fig. 9. miR153 control of APP, REST 
and SNCA in neural cells. We 
hypothesize that miR153 acts via 
regulating members of R153net10. 
Our initial data in human brain 
samples show that REST mRNA 
increased in late AD vs. NCI. miR153 
binds the 3’UTRs and suppresses 
expression of APP, SNCA, and 
REST. REST promotes stem cell 
proliferation and inhibits neuronal 
differentiation. Increased REST in AD 
would increase neural stem cells and 
decrease neural genes expression. 
miR153 addition balances the 
suppression of potentially pathogenic 
small protein aggregates, derived 
from APP and SNCA, and potentially 
dysregulated REST, and increases 
neuronal differentiation.

 MiR153 reduced REST 3’-UTR activities, mRNA, and protein levels in human 
cultures.

 MiR153 interacted with specific targets via the seed sequences present within 
mRNA 3’UTRs. 10

 MiR153 treatment altered target protein levels in human induced pluripotent 
stem cells.

 MiR153 levels were dysregulated in AD. 10

 Elevation of miR153 was associated with reduced probability of AD, while 
elevated REST may associate with greater probability of AD. 

 Single nucleotide polymorphisms (SNPs) within 5kb of the MIR153-1 and 
MIR153-2 genes were associated with AD-related endophenotypes. 

 Our additional studies include the role of miRNAs on resilience of cognitively 
intact elders9 and other non-coding RNAs, e.g., natural antisense transcripts 
(NATs) in AD.11,12
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Fig. 5. Differences of relative REST proteins by diagnosis and band densities. .
A) 5 REST protein bands detected in Western blots: 65, 80, 100, 120, 200 kDa. 
B) Relative distribution of REST band densities varied by diagnosis. At 65 kDa, 
HC, CBD, and PiD signals were grouped in the highest tier, while PSP showed a 
lower placement. 80 kDa lacked differentiation among diagnoses. At 100 kDa, HC 
and PiD were a higher tier than CBD and PSP. At 120 kDa, HC showed a 
high-tier position, CBD was lower, and PiD and PSP had intermediate 
placements. At 200 kDa, HC and CBD were at highest tier, PiD was lower, and 
PSP was intermediate. These “tiers” are qualitative evaluations of pairwise 
comparisons of band intensities within each diagnosis. HC had the least variation 
across bands, CBD was comparable to HC at low and high molecular weights but 
had reductions at intermediate sizes, PiD displayed prominent elevation at low 
weights followed by progressive reduction at higher bands, and PSP showed a 
mixed pattern of by relative elevation at 80 kDa and intermediate levels at 
120 kDa and 200 kDa. C) Densitometry by band density. If comparing  by band 
sizes, the resolvable apparent variation was in the 100 kDa band. CBD: 
Corticobasal degeneration; HC: Huntington's Chorea; PD: Pick's disease; PSP: 
Progressive Supranuclear Palsy; PART: Primary Age-Related Tauopathy (aka 
LATE/Limbic-predominant Age-related TDP-43 Encephalopathy)

Specific REST Isoform Regulated by MicroRNA-153 Modulates Cell 
Viability, Differentiation, and Alzheimer’s Disease       aaic2026.14272315

Key Takeaways: Repressor element-1 silencing transcription factor (REST) protein and mRNA levels were associated with Alzheimer’s Disease (AD). REST expression was regulated by miR-153-3p 
(miR153). We identified that miR153, as a master regulator, reduced levels of a group of neurodegeneration related proteins: amyloid-β precursor protein (APP), α-synuclein (SNCA), and REST. The 
elevation of miR153 levels is associated with reduced probability of AD in posterior cingulate cortex, while REST, by contrast, is associated with a greater probability of AD. Further, modulation of the 
miR153–REST axis influences neuronal differentiation and cell survival in human iPSC-derived neuronal cells, highlighting this regulatory pathway as a promising therapeutic target for AD.
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Fig. 6: Effects of rs736940 SNP on Aβ deposition.  A) 5kb flanking region of the MIR153-2 gene 
indicating SNPs. rs736940 in boldface and underlined. Effects are illustrated on the basis of 
tercile of formal education, in years. B) Effects of SNP and covariates on female subjects with 4-
15 years of formal education. C) Effects on female subjects, 15-18 yrs education. D) Effects on 
female subjects, 18-20 yrs education. E) Effects on male subjects, 4-15 yrs education. F) 
Effects on male subjects, 15-18 yrs education. G) Effects on male subjects, 18-20 yrs 
education.
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