
/���	�����+)�!�-2

'
,�#�����
������$�����"

��
������������
�����	������
�
� �������

% 1

�(&��	��	���)*0
�(&��	��	���+3�.0

���� �$��"



��(AG) �
	���(AD)�
���� (I)

• Aging is the natural process of 
getting older. Globally, ~100,000 
deaths each day, about 2/3 of 
total, are age related. 



AG �AD����� (II)

• Dementia is a brain disorder. A 
mild form is short-term memory loss. 
Aging is a leading risk factor of 
dementia.



AG �AD����� (III)

• 60%-70% of cases of dementia are 
caused by Alzheimer’s disease 
(AD). 

• Advanced AD can lead to loss of 
cognitive ability, behavioral 
changes, and death. 

• In 2015, about 30 M people 
worldwide have AD. 
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SEVERESLICE_HIGH.JPGPRECLINICALSLICE_HIGH.JPG, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=4471173
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• In AD affected brain cell death 
is caused by excess amyloid 
aggregation

• Amyloid-beta (Ab) is produced in abnormal 
cleavage, by enzymes called b-secretase
and g-secretase, of amyloid precursor 
protein (APP)

• Mutations in the genes PSEN1 & PSEN2 
increase abnormal cleavage activities

AD ������(Ab)�� (I)
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https://www.youtube.com/watch?v=cFgrkEV_JPM
Hana Komine, Jamie Lee, Russell Rudd, Patrick Murphy, and David Peel, Dec. 8, 2015

Note: Ab also 
stays in intra-
cellular space 
after production
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Two strategies, both direct attacks on Ab

1. Inhibitors – Suppress b- and/or g-
secretase to obstruct Ab production 

2. Immunotherapy – Use antibodies that 
bind to Ab to prevent aggregation 

3. Drugs so designed have failed recent 
late-phase tests



AD� Ab �����?

• Failure of Ab hypothesis-based drugs 
does not necessarily imply the 
hypothesis is wrong

• But is does suggest directly attacking 
Ab may not be the correct intervention 
strategy
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• What are the alternatives to directly 
attacking Ab�

• Dementia of Aging (AG) has many 
similarities, but of milder versions of, 
dementia of AD



• We looked at the molecular 
differences between AG & AD to 
gain better understanding and 
possible approaches to prevent-
ion and intervention of AD 
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• Raw data: public whole genome gene 
expression microarrays taken from 
brain
–One set of AG (40 and younger vs. 70 and 

older)
– Five sets of AD from five brain regions (65 

and older AD affected and healthy 
controls)
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3- medial temporal gyrus�
���
face recognition, reading

1- entorhinal cortex ��

declarative memory, 
spatial memory

2- hippocampus �	
memory, spatial & navigation

4 - posterior cingulate ���
emotion, memory, meditation

5 - superior frontal gyrus���
self-awareness, laughter

1-38 Brodmann’s areas
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• Five “culprit” genes – APP, MAPT (tau), 
APOE, PSEN1, PSEN2 – are not 
prominent in our curated gene sets

• AD is a chronic disorder, culprits need 
not be prominent
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• Look for KEGG terms enriched 
in curated genes sets

• An enriched term implies the corresponding 
function is not working normally, or is 
disrupted

������

KEGG is a database that provides list of genes 
involved in biological “terms” representing 
biological functions or pathways 
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Most prominently disrupted terms (in AG 
and AD, but stronger in AD)are:

– Alzheimer’s disease pathway 
(consistency check)

– OXPHOS (Oxidative 
phosphorylation), metabolic 
pathway for energy production, the 
“power plant”
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– Proteasome (part of the ubiquitin 
proteasome system; UPS),  degrades 
unwanted proteins; intracellular 
“garbage” disposal

– Microbial Infection (part of 
inflammation system)
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Results IV: AG & AD differ at gene level 
in disrupted functions

The 13 “AD-only” hits

The 10 “Double” hits

Hit: a curated gene in an enriched KEGG term
AD-only: in HC (and other regions), not AG. Double: in HC and AG. 



Results V: 24 genes identified as 
novel AD target genes

Gene symbol KEGG term DEG IGN Category

ACTB E. coli infect. Down HC, PC AD-only

ATP5O OXPHOS, AD Down – AD-only

ATP5A1 OXPHOS, AD Down – AD-only

ATP6V1E1 OXPHOS Down – AD-only

ATP6V1C1 OXPHOS, AD Down – Double

CLTC PD, Lysosome Down HC Conspicuous

IGHG1 – Not 
significant SFG, HC Conspicuous

NDUFA6 OXPHOS, AD Down – AD-only

NDUFA9 OXPHOS, AD Down – Double

NDUFS3 OXPHOS, AD Down – AD-only

NDUFS5 OXPHOS, AD Down – AD-only

NDUFV2 OXPHOS, AD Down – AD-only



Gene symbol KEGG term DEG IGN Category

RNF11 – Down PC Conspicuous

POMP Proteasome Down – AD-only

PSMA1 Proteasome Down – Double

PSMB3 Proteasome Down – AD-only

PSMC1 Proteasome Down HC Double

PSMD4 Proteasome Down – AD-only, Consp.

PSMD12 Proteasome Down – AD-only

UBE2N Proteasome Down – Double

UBE3A UMP Up – AD-only

UQCRC2 OXPHOS, AD Down – Double

UQCRH OXPHOS, AD Down – Double

YWHAZ E. coli infect. Down HC Double, Consp.

24 novel AD target genes (cont’d)

These key 
genes in the 
Ubiquitin-
proteasome 
system, are 
suggested 
for AD 
prevention 
and 
therapeutic 
application 



Drug Name/ Company Synonym Therapy Type Target 

Semagacestat/Eli Lilly & Co.
https://www.alzforum.org/therapeutics/

semagacestat
LY-450139 Inhibitor γ-secretase

Verubecestat/Merck
htttps://www.alzforum.org/therapeutics

/verubecestat
MK-8931 Inhibitor

BACE1 
(β-secretase)

Atabecestat/Janssen
https://www.alzforum.org/therapeutics/

atabecestat
JNJ-54861911 Inhibitor

BACE1
(β-secretase)

Bapineuzumab/Janssen, Pfizer
https://www.alzforum.org/therapeutics/

bapineuzumab
AAB-001 Immunotherapy 

(passive) Aβ 

Solanezumab/Eli Lilly & Co.
https://www.alzforum.org/therapeutics/

solanezumab
LY-2062430 Immunotherapy 

(passive) Aβ 

Crenezumab/Roche
https://www.alzforum.org/therapeutics/
crenezumab

RG7412 Immunotherapy 
(passive) Aβ 
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https://www.alzforum.org/therapeutics/semagacestat
https://www.alzforum.org/therapeutics/verubecestat
https://www.alzforum.org/therapeutics/atabecestat
https://www.alzforum.org/therapeutics/bapineuzumab
https://www.alzforum.org/therapeutics/solanezumab
https://www.alzforum.org/therapeutics/crenezumab
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