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Making the Case for
Aging and Neurodegeneration

Background overview

* Laboratory background
* Caenorhabditis elegans

* Glycotherapeutics
* Biopharmaceuticals
 Small molecules

* Herbal formulae




Cryptobiosis, Aging and Cancer:
Yin-Yang Balancing of Signaling Networks

Intrinsic/extrinsic
Stresses

intervention intervention

Pharmacologic H Pharmacologic

ORGANISM

Tumorigenesis Aging
D .. (tolerable stresses) =
O e ) |on - S

Cryptobiosis

Huang Z & Tunnacliffe A (2006) Rejuvenation Res 9: 292-296.



Anhydrobiotes

Resurrection plant
Selaginella lepydophylla

School of Biosciences
and Biopharmaceutics




Anhydrobiotes

"1 Tardigrade (water bear)



Antony van Leeuwenhoek 1702: animalcules (#A+# %)

Anhydrobiosis
= life without water

“suspended animation”

;“‘T\ - Intestine
Bladder
Anus

Pedal gland

Tunnacliffe A & Lapinski J (2003) Phil Trans R Soc Lond B 358: 1755-1771.



Anhydrobiotes

Nostoc commune
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[ Desiccation stress ]

o ————————————————

Signal sensors:  \ ('/Nuclear' receptors \
CTGFR, CXCR4, etc. \_(other organelles)

I
/
/
-

———————————————————

An hyd rObiOtiC Ras, eTc.\ , //CBP, ete. E
Engineering | ™ |

Death signal l< ————— rosstak .. > l Survival signal

f Anhydrobiotic L = _"_'59___“> Anhydrobiosis: @'J
| engineering ! metabolic arrest
_________ _A_._._.____._,_/ D<Sl

i +? +H.0 -H.O

: [Toler'ance effec'ror's]

Non-tolerant Active ;[))r?en\‘/g%?rion
cells/orgqnisms metabolism & repair

R
Huang Z et al. (2010) J ExpZ®0ol333A: 660-670.



Anhydrobiosis and ageing

PreAP + AP + PostAP >> normal lifespan,
for both true and “partial” anhydrobiosis

PreAP + PostAP = normal lifespan,
for true anhydrobiosis

PreAP + PostAP = normal lifespan,
for “partial” anhydrobiosis

7 **g School of Biosciences
W& and Biorhqrchaukics Huang Z & Tunnacliffe A (2006) Rejuvenation Res 9: 292-296.




A ques’r for Iongevi‘ry---

” - Al Y - - '
500 years ago, the Spanlsh explorer Ponce de Ledn drank h|s way around the
Florida coast during his expedition to find the legendary fountain of youth.
BT Lk Finkel T (2003) Nature 425: 132-133.



Neurodegenerative diseases:
Alzheimer’ s disease as an

example 0@

“® Worldwide: (Williams M. Curr Opin Investig Drugs 10: 23—34, 2009)

4 25-34 million AD patients currently

>40 millions now

4
© 0 114, 64%
' 0-14% 15-64%
WAU Inciaence at age bu: > 5% (nigner Tor
older population) /- & %4 (2014 )
®Relevant cost: >1 000 000 000 000 yuan

4 25% population >60 years old by 2030

Y School of Biosciences
Y and Biopharmacaukics




People with dementia worldwide

140

135
million
105
70 million
44
million
35

d I |
2010 2013 2030

Prince M et al. (2013). Policy Brief for Heads of Government: The Global Impact of Dementia 2013-2050.



Well-characterised models

In vivo screening




Whole-animal screening & drug discovery

In the absence of targe g

no tndltlonal screea e —\
Vil'tllﬂl Hit & lead " 4

"é'-%ni s gt sersening pdentiicaion o =" g

o—b Precligical
o

clinical trials

= Receptor in vitro
- lon chnnnel -cell

- bacteria

& + .
; I [ Automate
WS lib & signal
ide'rl:lii‘ﬁllon
&

aif[\,{ Validation in
O mammals

A

»
Bio-active
compounds

g
Cael}orhabditls
elegans

-
No need Dﬁh Che%lcal

of target mclnnognstcr libraries

gl

Danio rerio

& signal(s) Lm

SEXy

, School of Biosciences
WY and Bi.orharmm:eu(:ics Giacomotto J & Ségalat L (2010) Br J Pharmacol 160: 204-216.
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High throughput screening:
relevance/efficiency trade-off

In vitro biochemical assays

e Simplicity

 Ease of
manipulation

* Cheapness

e Rapidity

Bacterial/yeast assays

Cell line assays

Invertebrate models
* Complexity

e Cost - - - Zebrafish---- - - - - -~ - -——----- - Limit of HTS
* Relevance . ) feasibility
to humans Mammalian animal models

Humans (clinical trials)

* The selected option is always a trade-off between relevance to humans and
screening efficiency.

* Note the position of invertebrate models with respect to the limit of HTS
feasibility and relevance to humans.

School of Biosciences
and Biopharmacaukics Ségalat L (2007) ACS Chem Biol 2: 231-236.
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Drugging the worms:--

Drug candidates
12345678 9101112
wild type = OO0 OO 000000
et 00000000000
2 | ==)O0000000000
S 1 2000000000000,
=1 TRO0000000O000)
A L J100/0]0/0/0/0/0/0.0)0,
2 | =$00000000000
— =) O0000000000 R—— —
Wild type NI |\ VoA
5 ol
Model X f & 3 /{
Cf. Lehner B et al. (2006) Nat Genet 38: :\,5L}J; : “ig? j

896—903.



* Know-how on physiology

* Knockouts, RNAI straln libraries F——> Disease model

Physlological endpoints
emulating disease mechanism
¢ Visual phenotype

* Fluorescence

e * High-content image analysis

B <ﬁgh—throughput assay \>
B Qelopment and valldatl& o 96-well plate
e e Liquid, solid surface
e Plate robotics, automation
Up to 20,000 genes * Screening window

Genome-wide RNA library

* Plate replicas
¢ Positive/negative controls
 Statistical confirmation of hits

Focused libraries (for example,
G-protein-coupled receptors)

e WormBase
e Extensive annotation
* Published screens

* Screen on mutant panel
¢ Pathway mining/epistasis
e Full functional analysis

Hit prioritization

* Human databases
* Druggability
* Assayability

Investigation in mammals
» Expression analysis

S—SOEenes
* RNAI, knockouts

Hit validation

A 4

* Novelty versus validation

1-10 genes

Discovery project Kaletta T & Hengartner MO (2006)
Nat Rev Drug Discov 5: 387-398.




Caenorhabditis elegans as a model

Drug

School of Biosciences
and Biopharmaceu&ics




Hermaphrodite (XX)
Gonad

Embryos in Spermin
uterus

Copulatory
le mating faci g'isolation and maintenancemfimutant

> M @
I stlains as well as moving mutations between straisss.

1(QPIWaIes occur infrequentl{ff31-0.2%) in cultureSBi5Phgated by
hermaphrodite self-fertilization.




C. elegans and Nobel Prize

The Nobel Prize in Physiology or Medicine 2002

Sydney Brenner H. Robert Horvitz John E. Sulston

...for their discoveries concerning ‘genetic regulation of
organ development and programmed cell death’

School of Biosciences
and Biopharmaceu&ics




C. elegans and Nobel Prize

The Nobel Prize in Physiology or Medicine 2006

-‘a@ ,

Andrew Z. Fire Craig C. Mello

...for their discovery of RNA interference -
gene silencing by double-stranded RNA

School of Biosciences
and Biopharmaceu&ics




C. elegans and Nobel Prize

The Nobel Prize in Chemistry 2008

Osamu Shimomura

Roger Y. Tsien

... for the discovery and development of
the green fluorescent protein, GFP

School of Biosciences
and Biopharmaceukics




C. elegans: who’ s who

high school friends

C. elegans postdocs
Cambridge

MIT Harvard
* Bachelors, math & * Bachelor, biochemistry
economics (though intending to

study math)
* PhD, physiology

* PhD, biology

. Supervisor
"B V) school of Biosciences (C. elegans originator)

and Biopharmacaukics




C. elegans: clinical relevance

Encoding 2/3 human Various
disease genes transgenic models

can affect cellular phenotypes similarly in
both humans and C. elegans, demonstrating the utility of the
model for pharmaceutical target validation.

School of Biosciences
Y and Biopharmaceutics Sluder AE & Baumeister R (2004) Drug Discov Today Technol 1: 171-177.




Insulin-like ligands - -
INS-N? C:?— IGF1

DAF-2

Molecular pathways that
—— lengthen lifespanin C.

AGE-1 elegans and the
il i corresponding
ov Ys‘

PTEN - - .
K ! QP = components in humans.

—-_————-__-

Cytoplasm

PDK-1 PDK1

AKT-1, AKT-2, SGK-1

. AKT

(TOR pathway) (TOR pathway)

(JNK and RAS \ f——ENK i RAS]

pathways TSN pathways
DAF-16 FOXO?
[ — l —___ DAF-2:IGF1R
/——‘_———- \
AGE-1: PI3K

Nucleus DAF- 16@_
FOXO?
DAF-16: FOXO
Transcriptional
regulation

/ / l \ \ Christensen et al. (2006)
C. elegans (Many downstream targets ) Nat Rev Genet 7: 436-448.




Evolutionarily conserved mechanisms: complex regulation
of life span in C. elegans

Decreased
insulin/IGF-1 Dieta
signaling

Decr;easgd I

mitochondria

101 Decreased
resplratlon\ \ / Decreased

Decreased _—» . LONGeVIty = o Decreased TUBBY

germline signaling/ \ signaling

restriction

Decreased activity (in blue) and increased activity (in orange) of the
signaling pathways and processes lead to longevity in the animal.

Schaffitzel E & Hertweck M (2006) Exp Gerontol 41: 557-563.



C. elegans:. ageing signalling

Sensory neurons

' Insulin-like
- hormone
Sensory nerve / | >
endings

daf-2

W~ receptor T

\
|
\
\
\

Unknown
secondary
/ Gene hormone }#
/ repression?

Several genes and input from sensory

organs and the reproductive system
influence the pace of ageing.

Leslie M (2001) Science Aging Knowledge Environment (1): oal



Adult (1110-1150 um)
(capable of egg laying)

8 hr -
in utero development |

Young adult L/ iy

eggs laid at Gastrula
(900-940 um) First cleavage (40 min) (approximately 30-cell)

L4/adult molt «.c.....
| DG

orcp
k —y _J
L4 (620-650 pum) >
W

L3/L4 MOt «eeeenss Up tm CYCLE

Dauer (400 um)

8 hr N
13 hr
A L3 (490-510 um) o - s
/W’ (L1/1.2d moh) Arrest if
........ no food ﬁ
L2/L3 mOlt +++eeses . = ‘
Crowding

\ L2 (360-380 um)
sl /\_/&\_/

Starvation /
High temp L1 @s50um) =

Hatching

12 hr

L1/L2 molt

http://www.wormatlas.org/



Drugging the worms:--

Posterior
Pharynx Intestinal cell Intestine lumen Oocyte gonad

Chemo- Synapse Ventral Vulva Egg Spermatheca Anus
sensory nervous
neuron system

Drug entry route into C. elegans:
e ingestion;
e uptake through the skin; and

e uptake via exposed sensory neuronal endings.

Kaletta T & Hengartner MO (2006) Nat Rev Drug Discov 5: 387—-398.



C. elegans in high-throughput screening

. Searching for compounds
e Chemical libraries are G g ;
tested on healthy and hits in a non-directed

worms to identify approach
drugs that are able to
hit worm targets.

e Hits are detectes
their ability to

for the iden
of bioactive
iEEE Control Hit
(no phenotype) (phenotype)

Y Y school of Biosciences
N and Biopharmacaukics Ségalat L (2007) ACS Chem Biol 2: 231-236.




C. elegans in high-throughput screening

Searching for compounds

e Ch ical tested ' i ]
U and hits against a defined

on worms in which a

disease-relevant target or disease
phenotype has been ;oSS S S S S S S
created. o D O O O D o D

S @ o P PP o >

e Such screens ai
finding molecu
able to revers
phenotype, thereby=. \/V
identifying potential—" \/V\,V

candidates f o \N

treating the dis& : :
ontrol Hit
(phenotype) (phenotype suppressed)

; \*;'Sckoo!. of Biosciences
N and Biopharmacaukics Ségalat L (2007) ACS Chem Biol 2: 231-236.




with fluorescent marker

Chemical genetics screens Therapeutic screens
Compounds to phenotype Phenotype to compounds

Phenotype - Reversion to
- Paralysis Wwild
- Death type

- - Morphological defect .
wild-type ) s1§§vp g?o(zf:;a e Phenotype/Disorder

- Mutation

- Transgenesis
- RNAi

- Chemical

- Egg-laying defect
- Fluorescence alteration

or not.

Giacomotto J & Ségalat L (2010) Br J Pharmacol 160: 204-216.



COPAS Biosorter:
automated sorting of C. elegans

11:171-177.
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sheath flow sheath flow
//
flow convergence « »

FLUORESCENCE
DETECTION

LASER EXCITATION
- multiple lasers
B

OPTICAL DENSITY
& SIZE DETECTION

Q
- [ - ’ airi—- AR .
WASTE /(S . SORTIN
SAMPLE RECOVERY :

IM g i i SORT COLLECTION:
microwells or bulk container
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Behaviorial analysis

® Movement on solid

4Measure “Head to Head” and
“Tail to Tail” distances

" Pendular movement frequency

4 Record the number of pendular movement
per min

Pendular movement

® Coiling frequency

4Record the number of coiling per min J )
20

& and Biopharmaceutics Guo W et al. (unpublished).




Chemotaxis assay

Statistics line

1 ul of 0.5%
baizaldanide Cl = (Number,,-Number g, )/
+1uloflM Number of total worms
sodium azide

attractant
control

Worms 1 ul of 100%

ethanol

+1lulofl1M
sodium azide

10cmx2

=i

L
|

4.5cm i 4.5cm

-
—

CL2355

School of Biosciences
and Biopharmaceutics Xiao L et al. (in preparation).




Osmotic avoidance behavior assay system

}
}

[T T T T T T T T T P T IT Y PP PP PP T P TITTTITT

20°C

90min

[T T T T T T T T T T T T T T T T T T T T T T T ITTTITTITTNT

Xiong S et al. (in preparation).
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Nostoc commune polysaccharide

EPS Nosturonic acid

Glucose
H

HO

Huang Z et al. (1998) J Phycol 34: 962-968.
Helm RF et al. (2000) J Bacteriol 182: 974-982.
Huang Z et al. (2000) Carbohydr Res 328: 77-83.
Briill LP et al. (2000) J Phycol 36: 871-881.



BioGel P2 y
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Nostoc polysaccharides: Protective functionality of
nosturonic acid & D-ribofuranose in native EPS

Lane 6: lithium - ethylenediamine
treated Nostoc EPS after BioGel P2
purification and AA-labeling; Lane 7:
oligosaccharides after the Driselase
digestion and AA-labeling of the

Li - EDA-treated glycan of Lane 6

Lane 6 and 7: Li - EDA-treated
glycan after Driselase digestion,
followed by Bio-Gel P2 purification
into high (Lane 6) and low (Lane 7)
molecular weight fractions.

School of Biosciences i -
and Biopharmaceukics Huang Z et al. (2000) Carbohydr Res 328: 77-83.




Nostoc polysaccharides

Oligosaccharide ! E""ﬁ"i“""‘*"‘xy”’ HO2C
-D-
strucutres ' . HO S Q
OH
6
2 B-D-Glep-(1—>4)-D-Galp H3C —{H o
B-D-NosA HO2C nosturonic acid
1
;
Complement inhibition 3 B-D-Glep-(1-34)-0-D-Galp-(1-4)-p-D-Glep-(1-4)-D-Xylp
100 - B-D-NosA
1
90 - A —A %
80 4 B-D-Glep-(1—4)-B-D-Xylp-(1—4)-B-D-Glep-(1—4)-D-Galp
- —E-D-NosA 1
5 60 1
L
——i 5 |B-D-Glep-(1—4)-0i-D-Galp-(1—4)-3-D-Glep-(1—4)-D-Xylp
—— Neutral 3
= —&— Acidic 1
20 A 1
| o-D-Ribf |

: : - !
0 100 200 300 400 500
pgemL’

* Huang Z et al. (2000) Carbohydr Res 328: 77-83.
Vschool of Biosciences Helm RF et al. (2000) J Bacteriol 182: 974-982.
and Biopkarmaceukics Briill LP et al. (2000) J Phycol 36: 871-881.




Nostoc polysaccharide
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Antitumor: microalgal polysaccharides

[Microalgal culture]

Nostoc sphaeroides
Nylon Mesh/Gauze

Microfiltration

v 60'
[Cell-free medium] [Retenate]‘-(lel
=2 foermeatd
= Permeate 204
[ Feed reservoir ]—'@ P< @ —

Pretreatment
Pressure Valve
Pressure Gauge

_—~

QO

N

AN
INSOASSSNSNANNNANN
AN SN NSNS NN

AN NN NNANN

nu

Ultrafiltration

Peristaltic Pump Pellicon Cassette

(b) Haematococcus pluvialis

Inhibition rate (%)
3

ESS SN NSNNNNNANN

AR

BGC-823  HL60  MOLT4 K562

E3 0.1mg/ml E3 0.2mg/ml [ 0.5 mg/m
1mg/m B4 2mg/ml

Li H et al. (2011) Proc Biochem 46: 1104-1109.




Pilot-scale EPS isolation from algal cultures

Li H et al. (2011) Proc Biochem 46: 1104-1109.



Ultrafiltration of cell-free media for EPS isolation

Microalgae Culture |Feed volume |Ultrafiltration [Average permeate |EPS yield
time (d) (L) time (h) flux [L/(m2<h)] (mg/L)

Nostoc commune 36.8 26.7
Nostoc sphaeroides 30 10 0.5 36.6 22.4
Spirulina platensis 15 460 24.4 36.8 77.2
30 90 4.6 37.5 204.7
36 110 5.6 37.2 231.3
Haematoccocus pluvialis 28 450 24.2 36.3 33.2
42 35 1.8 37.5 41.5
70 10 0.5 37.8 73.8
Chlorella pyrenoidosa 10 145 7.4 38.3 3.5
Chaetoceros muelleri 15 920 4.8 35.7 188.2

Li H et al. (2011) Proc Biochem 46: 1104-1109.
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Cells synthesizing intracellular trehalose have increased autophagy

Sarkar S et al. (2007) J Biol Chem 282: 5841-5652.
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Polysaccharides from anti-aging herbs:
neuroprotective screening
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Lifespan-extending effect of astragalan in C. elegans
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to regulate both lifespan and tumor cell proliferation. Zhang H et al. (2012) Biochem J 441: 417-424.
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Polysaccharides for effect on intracellular Ap,,-EGFP aggregation

sample source of polysaccharide source of polysaccharide % aggregation relative to star'lda}rd

( Latin name) (Chinese name) untreated cells deviation
none (control: AB,,-EGFP only) 100 2
PS1 Astragalus membranaceus (Fisch.) Bge. Huang Qi 112 3
PS2 Achyranthes bidentata BI. Niu Xi 89 1
PS4 Cuscuta chinensis Lam. Tu Si Zi 131 3
PS5 Rubia cordifolia L. Qian Cao 79 2
PS8 Viscum coloratum (Komar.) Nakai Hu Ji Sheng 107 2
PS9 Poria cocos (Schw.) Wolf Fu Ling 93 2
PS10 | Salvia miltiorrhiza Bge. Dan Shen 86 3
FS12 Adenophora tetraphylla (Thunb.) Fisch. Nan Sha Shen 106 5
PS13 Schisandra chinensis (Turcz.) Baill. Wu Wei Zi 101 2
PS14 Rheum palmatum L. Da Huang 90 6
PS15 Polygonum multiflorum Thunb. He Shou Wu 115 6

Chakrabortee S et al. (2012) Biochem J 442: 507-515.




Mammalian cells expressing A f 42-GFP
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Chaenomeles speciosa polysaccharide
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Effect on LPS-induced expression of
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Acanthopanax senticosus polysaccharide
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Acanthopanax senticosus polysaccharide
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Rubia cordifolia polysaccharide | _yw
reduces AB-induced apoptosis wﬁ

v T, “-;:",
: e, " ")' A = e ~.
\/\i. '“ iy 2
c: - V
| (\' . . o " §
o ~ K2 &
.ig S 3
CTL AP . AB+PS4
A 10°
=51 B2 B1 B2 B B2
17.0% |8.3% CTL | F118% |19.0% AB | 370% [11.7% Ap + PS4
] | - L] - |
e E E
T ORE e E
10° = E
||||1|03 ] LI ||||;|00 1 T |||||;Io1 T T |||||1||02 T LI | ||||1|03 ||||1||02 T T |||||1|03
>

Annexin V-FITC



Rubia cordifolia polysaccharide
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Angelica sinensis polysaccharides:
Ameliorating oxidative stress in PC12 cells & ischemic brain injury in rats
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Making the Case for
Aging and Neurodegeneration

Background overview

* Laboratory background
* Caenorhabditis elegans

* Glycotherapeutics
* Biopharmaceuticals
* Small molecules

* Herbal formulae




Anti-aging medicinal herbs:-:
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Small molecules: autophagy inducer

Tetrandrine
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School of Biosciences
and Biorharmaceukics Gong K et al. (2012) J Biol Chem 287: 35576—-35588.




Damnacanthus officinarum extracts:

B) OB

(EE=

Nueronal survival (%)

Nueronal survival (%)

EL

PL

~~~~~~

CL

BL

0o wpe/mi
B 500 pg/mi
1200 pg/ml

Oe we/mi
B 500 pgimi
31200 pe/mi

neuroprotection & lifespan extension in C. elegans

0 po/ml

| —a— 100 pg/mi
[=emem 1200 pg/ml =« +=+ 1800 pg/m|

o
8

g

§

Absarbance (0.D.5Mam)
(-]
]

o
S

e o
g 8

o 3
8

Abserbasce (0.D.5Tae)
o
&

o
8

7 080
é 0.60
S g
5 o5
i 000
Time (days) Thme (days) Time (dayn)
7 080 BL 080 T AL
goen e, 0% |
€ o0 | . 040 |
'azoL 020 |
iooo[ o000
< 1 2 3 4 5 @ t 2 3 4 5 @
Yang X et al. (2012) J Ethnopharmacol 141: 41-47.



Salidroside protects C. elegans neurons
from polyQ-mediated toxicity
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Bioactive polysaccharides: mechanisms of action
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Other anti-aging products

Panax ginseng Resveratrol
Astragalus membranaceus Carotenoids
Lycium barbarum EGCG

Angelica sinensis
Colla corii asini

/’-‘I\

Epimedium brevicornum ‘
Morindae officinalis ,

\ 4

~~-', A

Anti-aging functional beverages sold online in China

School of Biosciences
and Biorkarmaceuj:ics Yang F et al. (2014) Rejuvenation Res 17: (in press).




Lopez-Otin C et al. (2013) Cell 153:1194-217.
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Kai-Xin-San:
Neuronal protection in C. elegans HD models
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Kai-Xin-San:
Neuronal protection in C. elegans HD models
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Kai-Xin-San:
Neuronal protection in C. elegans HD models
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