- AOOAOB6O 4EAOEO

3O00AEAO 11T ooOl OAT1 UOEA o0
0 OAAOOOT O POIT OAET j!'00Q E
OOET C !'$ 40A1 OCAT EA

Ameer Abu Bakr Rashee@®d C! )

Department of Brain Science

DGIST

2014



- AOOAOB6O 4EAOEO

3O00AEAO 11T ooOl OAT1 UOEA o0
0 OAAOOOT O POIT OAET j!'00Q E
OOET C !'$ 40A1 OCAT EA

Ameer Abu Bakr Rashee@®d C! )

Department of Brain Science

DGIST

2014



Studies on Proteolytic Processing of Amyloid
Precursor protein (APP) in Olfactory Epithelium

using AD Transgenic Mice

Advisor: Professor Chiel Moon

Co-advisor: Keun-A Chang

by

Ameer Abu Bakr Rasheed
Department of Brain Science
DGIST

A thesis submitted to the faculty of DGIST in partial fulfillment of the
requirements for the degree of Master of Science in the Department of Brain

Science. The study was conducted in accordance with Code of Research
Ethics?.

05/15/2014

Approved by

Professor Cheil Moon CZ/; /Z/L"\_)

(Advisor)

Professor Keun-A Chang /%2 e

(Co-advisor)

1) Declaration of Ethical Conduct in Research; I, as a graduate student of DGIST, hereby declare that | have not committed
any acts that damage the credibility of my research. These include, but are not limited to: falsification, thesis written by
someone else, distortion or research findings or plagiarism. I affirm that my thesis contains honest conclusions based on
my own careful research under the guidelines of my thesis advisor.



- Studies on Proteolytic Processing of Amyloid
Precursor protein (APP) in Olfactory Epithelium

using AD Transgenic Mice

Ameer Abu Bakr Rasheed

Accepted in partial fulfillment of the requirements for the degree
of Master of Science

05.15.2014

Head of Committee C/“v ’//ﬁ gl (Signature)
Prof. Cheil Moon

Member of Committee ignature)

Prof. Keun-A CHang

Member of Committee /j’%(a{(Signature]
Prof. Sieong—Woon Yu




- 3" 3 RiARO ' AD " ABOOALEBOAAA 001 OAT 1 UOEA 007 A

iUl i EA
00AADOOT O POIT OAET jt1o0q ET /1 £ZAAOI OU %PEOE.
- EAA
201225006 Department of Brain Science, 2014
Professor Cheil Moon ProfessorKeun-A Chang
Abstract
Olfactory impairmentisawellAT AOT AT OAA AAT T Ol AT EOU EBD ! 1 UEAEIT A

is known to begin with abnormal processing of amyloid precursor protein (APPYthrough sequen-

OEAI Al AAODHBAOAEGE OAO Ahokktage Eohnplexvhith leads to excess produc-

OET T-AT W& YEA ! 1 q ETolfadténAdysfuhctiod dceuss inthe ldipfent stages of

'$ AOAT AAMEI OA 'y AAPT OEOGEITT AT A Pl ANOA & OI AGET 1T E
tory deficit in relation to AD is not wdl understood. It may be critical to know the process under-

lying AD-related olfactory sensory loss to find some novel biomarkers. To this end, two different

types oftransgenic micemodels were used including Tg2576, which overexpresses human APP

and Tg67P (also called 5xFAD), which expresses human APP and Presenilinl both mutations

gether.

It was found unique APP processing in OE that has significance in providing not only pos-
sible biomarkers that can be used for screening and detection of AD before glee formation but
also for treatment purposes.

This data demonstrates that the abnormal processing of APRn the OE providesAPPfragments
including 25 kDa, 55kDa and 80 kD#hat can be a potential biomarker in the very early and critical
period in the stage of mild cognitive impairment, that is, the critical stage of AD occurrence (before
Ar plague formation in the CNS). Such biomarkers can be access@lbiopsy and can beaised for
establishing improved early diagnostic procedure for the ADAdditionally, PS2 increased level was
found in OE that possibly involved in unique APP processing and might also be crucial for under-
standing ther-secretase role controlling AD througlr -secretase as a therapeutic target.

Keywords:! 1| UEAETI AOB8O AEOAAOAR 11 £ZAAOT OU OUOOGAIT h ' 1T UITEZ
omarker.
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INTRODUCTION:

' 1T UEAET AO6 O AprdgrasAi Aandkrréversdlel braih disease which is
one of the most common cause ofetnentia[1]. In AD patients not only suffer from cogni-
tive but also motor and £nsory loss[2]. Although the mechanism of AD is not well under-
stood still AD pathology is charaarized by extra cellular amyloidf AAPT OEOO AT A
ET OAOAAAT T OI AO 1TAOOZLZEAOQEI OAT CclI A0 A& Of AGETT 1
EOOAOAOOEAT A AT A TAOOI T T CEAAT AAIA GETAE AICH 0 AORO.
Ao AADOEADION OMAITAR DEIIAI DT EOOLDEA AEAEMOEAOO
OANOEOAA &I O OEEO POODPI OA8 4EAOA AET T AOEAOO O
Al O 's AAOAAOGEIT T8 "ET 1 AOEAOO OET O1 A AAATIT A AA
I OEAO OHAEAIGOTI A AA Aul AT EA AT A Al OBDADAOGAOKGOET /

AEOAAKNOA

Recent research on use of speaifiAD biomarker for disease staging in vivo shows
that!'f AUT AT EAAT T U Al OOAI AOAO xEOE AEOAA@Xk AO AE/
foYBut!t 1 AOAT OAOEAO ET DAOEAT 6008 7BEONEA OA@EGA OO
O0OAO00 AAKO EMARAIGOAOEAO 111 UARG GAICD AGHAEIORAA AIEA 1 H

i 600 AA & OIACANIACADEIEO®OT AROOS
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Source; Modified from Ingelsson, M et al 2004. [4]
I 1 can be produced through proteojtic processing of APP (amyloid precursor pro-
tein), which takes central position in AD pathogenesi APP isingle-pass transmenibrane

protein with larger ectodomain. Although the physiological functions of APP are not well

known but has neuroprotective function and positive effecon cell growth[6].

APP is mainly produced in neurons and rapidly metabolized by secretase enzymes
through alternative splicing by two pathways[7] [8]. Nonamyloidogenic processing of
APP involving two secretaseq -secretase andr-secretase while in amyloidogenic pro-
cessing [ -secretase (identified as transmembrane aspartase protease BACERT A r
secretase are involved. Product generated during both processings have soluble ectodo-

main (SAPP | and sAPPf @ OAOPAAOEOAI tcal Adrodudt Calledt BIOE EAAT
8



(intracellular Cterminal fregmenets)[9]. More importantly amyloidogenic processing

generates! A OANOAT AA MPAIOMRAIGNO8 AU AOAET ' 00 DPOIT A

manly!'r tAT X tAAOAATT RT A t¢ AT ETT AAEAO OAOEAOAO .

i OAA OAAOABAVACBHAAI AAORNMOEOGA TGIxEANE QA COI AOI

| AEsecretase complex, catalytic subunits presenilinl (PS1) and presén 2 ( PS2) are

involved mainly in deciding the length of these toxic foomoff 8 EAOA O1 @gHA A&l Oi O

AAT ACCOACAOONAMIGE MO CHA ®IHAMOA O1T gEA AEEAAOD
7EOQOE OEA DPOI COAOGOEIT T &£ '$h OUIBOTI O Al Ol

Ol OIAEOAEOU T &2 AEAEAEAOCAT O PAOOU 1T &£ TAOOI 6O OUOOA

AR AxEmEAAOAA AAOI EAO O 1 OEAOOh OEA OAAOIT '3
OANOAT OEAI 1T OAAO AT A Al 1T OEOOAT Auh Al OET OGE 1| A,
AAOT U OUI OT i Oh TTA HQhI xEAAG OOCEADAOE OAIBAADT C

I £#/ OEA AAOI U OI 601 ACAAT A OACHEIEET ABOET QEASAPODA

AAOxAAT AAOI U PEATTIAT T &£ 100 DOAAABORIORA AAT AE

T AOOI 6O OUOOAI TECEO 1T AAA O OAI OAAAT A ET OECE:
This research has focused on APP processingaeripheral structures, the olfactory

epithelium(OE), as well as CNS structures responsible for processing of incoming olfactory

signals such as oéctory bulb(OB). The present study found unique APP processing in OE

that has significance in providing not only possible biomarkergincluding 25kDa, 55kDa

and 80kDa)that can be used for screening and detection of AD before plague formation

but also for treatment purpose. Additionally, PS2 increased level was found in OE that



possibly involved in unique APP processing and might also be crucial for understanding

the r-secretase roleand controlling AD throughr -secretase as a therapeutic target

Table 1. Secretases responsible for APP processing.

Secretase | Types/ Major function related to APP processing References

subunits

Adam 9 I nvol ve i n leagagd, mdyipromote|[8]
SAPPU.
Usecretase | Adam 10 APP processing enzyme with constitutive and regq{ [13]
ul a t-sechetaSe activity.
(14]
Bacel BACEL activity is thought to be the ratelimiting |[7]
factor in Ab generatio
b-secretase
Bace2 Cl eaves AP Psecretse site mircke motH [15]

ef ficient| Jyecretasasite.at t h

Presenilinl | Preseniinrlgene (PSEN1) mut a[l6]

generation.
Presenilin2 | Presenilin 2 (PS2) mu t [[17]
tion.
Nicastrin Nicastrin  modulates  presenilin  mediated | [18]
¢ notch/glp-1signal transduction andAPP pro-
J-secretase cessing.
APH1 Aph-1 and pen2 are required for Notch pathway |[19]

signaling, gammasecretase cleavage @APP, and
presenilin protein accumulation.

Presenilin Transcriptional regulation of APH-1A and in- |[20]
Enhancer2 | c r e a secmtase cleavage of APP.

1C
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MATERIAL AND METHODS

1.1. Animal

1.1.1.4 OAT OCATEA ' 1 UEAEI AOG OmAEOAAOA 11 AAl 4Cquyx
In this study, heterozygous Tg2576nice were used, which express a human amyloid

 DOAAOOOT O BOI OAET j!100Qq OAs3Héebed anEdeEAA  Of

scribed previously [21]. Agematched nontransgenic littermates were served as wild

type control. All animal experiments were approved and conducted in accordance with

guidelines of Ethic Committee of Seoul National University RGIST.

1.1.2. 4 OAT OCATEA ' 1 UEAEI AOB OmicBREOCAAOGA 11T AAl 4Coxw
Another AD model used in this study was Tg6799 mice, which expresses human

AT UITTEA POAAOOOI O POT OAET j!'!00Qq xEOE OEOAA £EA

and two human presenilinl mutationsthus also known as 5x FAD mice. Both of these mu-

tation types mainly contribute toET AOAAOAA D Ol [0 AMbsatthedindgs ! 1 T ¢

transgenic littermates were served as wildtype control. All animal experiments were ap-

proved and conducted in accordance with guidelines of Ethic Committee of Seoul National

University & DGIST.

12



Table2. Transgenic models used for this study.

Transgenic Line  Strain Approach Mutation Plaque for- | Mice used in
mation this study(age)
Tg2576 (APP sw) cDNA ( 695) Swedish APP ~12 Month 10 Month
APPSwFILo Pronuclear Swedish, Florida
Tg6799 PSEN1*M146 coinjection : and London APP | ~ 3 Month 2 Month
L*L286V)6799 | APP and PS1 & human PS1
Vas/J transgenes

1.2 Olfactory behavioral analysis

Food buried, behavior test was performed to measure the mice smell ability to find a
buried food pellet usingolfactory cues as previously describe@23] [24] [25] [26]. Olfac-
tory test was taken blindly without revealing any genotypic information of mice before

and during the experiment. Mice were deprived of food around 35 hours with free access

to water. Before starting the experiment, adaptation time was provided 5~10nin to let

them adapt in new prepared cage with new bedding material. This step was important for
mice to be adapted to the new environment so that they would able to focus on finding

food in a new environment. Similar cage were prepared with bedding mat&i depth ap-

proximately 5 cm and food pellet was buried 2.5 cm below the surface. Latency or ft

time ~15 min maximum was provided to each mice to find buried food. Latency time was

recorded, as time between mouse inserted into the cage and graspingtfood pellet, pre-

cisely using video tracking software and system (EthoVision xt 9).

13



1.3RT-PCR

Samples were quickly prepared right after head amputation of wild type and age
matched Tg2576 mice. Total RNA was extracted from the tissue using TRIzol reagent
(Invitrogen, USA). RNA was dissolved in Nuclease free water, concentration and quality
was measured through a spectrophotometer (NanoDrop 2000, Thermo Scientific, USA) at
an absorbance of 260nm.

50ETC ptC 1T &£ O OAT 2.! xEOEedutOdsrChok brdin £AOAA x
and then immediately transfer on ice. cDNA was formed in two steps 1) using Nuclease
free water, oligo (oligo dT15; TTT TTT) and RNA premix incubated for 10 min at 70°C. 2)
Adding 5X transcriptase buffer, AINTP, Rnase inhibitor and iln¢ end enzyme reverse tran-
OAOEDPOAOA xEOE ~ZET AT OI 1 OI A T£ ¢cuotl Al O CAOEA
and 10 min at 70°C in PCR machine (BIORAD, USA). cDNA was store803C for long
term storageand for short term usage itwas usedoni& AO 1J#8 pt | £ AS$. !
AAAE DOEHCRO0O8O 214

Reatltime PCR reaction samples were made by using cDNA and primefable 3.) via
QuantiTec®39" 2 ' OAAT o0o#2 +EO j AAONgmntptpQq xEOE A |
was run in reaktime PCR machingRotor Gene Q, Qiagen, Germany) with following pa-
rameters: 95°C for 30 sec, 59°C for 30 sec and 72°C for 30 sec (35 cycles). Analysis and
AAT AOI AGET T xAO [ AAA . Cy8plilidgas @édkor rermalitation A OE T A
and to determineO E A 3 #<LandduktheOrdsults were relaively quantified as previ-
ously [27] using software (Fotor Gene Q series software)Significant was measured
OEOI OCE a&tdAAT 060 O

14



Table 3. Primers and sequence.

Gene Accessior# Reverse primer sequence Forward primer sequence
Cyclophilin
A NM_008907 GTCTCCTTCGAGCTG TTTGC GATGCCAGGACCTGT ATGCT
Bacel NM_001145947.1 | TCG CTG TCT CAC AGT CATCC | AAC AAA CGG ACC TTC CACTG
Bace2 NM_019517.4 GAACTCCAGCAGCCTTGAAC GGCAGTTTGGCATAACCAGT
Presenilinl | NM_008943.2 CTCGCCATTTTCAAG AAA GC GGG CTT GCTCTC TGT TTT TG
Presenilin2 | NM_001128605.1 | GGAGGATGGAGA GAG CACTG CCACCACGATCATAC ACAGC
Nicastrin NM_021607.3 GCTTCAGCACCCTTGTCTTC TAAGCAGGCCCAGAGACAGT
APH-1

NM_177583.4 CAATGGGGAGTTCGAGAAAA GCTGGTGAAGGCTAGCAAAC
Presenilin
Enhcancer2 | NM 025498.2 CGTGATCTTGCGTCTGTCAT AACGCCTCTCTGAAGAACCA

1.4 Western blot

Animals were deeply anesthetized and perfused transcardially using 0.9%salirf@am-
ples were obtained and immediately stored at20°C. For western analysis samples were
homogenized n RIPA buffer (ThermoScientifcUSA) and 1%of protease/phosphatase in-
hibitor cocktail (Halt™, ThermoScientifc, USA ) and centrifuged at 4°C with centrifuge
speed of 13,000 rmp for 15 min to remove any insoluble material. After collecting proteins,
concentrations were measured using BCA assay Kait# 23115 (Pierce, ThermoScientifc,
531 g8 30AO0ANOAT 01l uh ANOGAI AiTO01 00 1T £ DPOI
SDSPAGE gels of-45% or 4-20%. Proteins were transferred to PVDF membranes (Milli-
pore) and membranes were blocked by using 5% skimmilk made in TBST (TrisBuffered
Saline Tweer® 20) for 1 hour at room temperature. Primary antibodies, including 6E10

(Covance, SI1€39320, Princeton, NJ, USA), APRt&minal (Millipore, AB5352, Billerica,
15



MA, USA) and others (shown iable.4) having dilution of (1:1000) in the BSA (Bovine
Serum Albumin)) were incubated for overnight at 4 °C. Blots were washed with TBST
three times and then incubated with appropriate secondary antibodies for 1hr. Further
blots were equilibrated with TBST three times and \ere developed with an ECL detection
system (Super Sign&l, ThermoScientifc, USA). Primary blots were fprobed with pri-
mary antibody GAPDH (Millipore, MAB374Billerica, MA, USAwith dilution (1:1000).

And the results were scanned and analyzed using anage J program.

Table 4. Antibodies used for this study.

Cat# Antibody Dilution ‘ Supplier

SIG-39320 Ab (6E10) 1:1000 Covance, Princeton, NJ, USA
SIG-39200 AD (4G8) 1:1000 Covance, Princeton, NJ, USA
AB5352 APP-CT 1:1000 Millipore, Billerica, MA, USA
MAB374 GAPDH 1:1000 Millipore, Billerica, MA, USA

16
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Chapter 1: Olfactory dysfunction behavior
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"AEAOET O OOOAU 1 Anicé moddiswal ésdeatial @r faldviddiréad A
son.
1) To characterize the transgenic mice relevant to their genotype and also to observe be-
havior changes accordance with the disease, it was important to correlate the progression
of disease with some prominent behaviorathanges in it. On the basis of these behavior
changes some underlying mechanism and processes can be understood. This could pro-

vide not only progression of disease butould also ensure the critical time window that

might have therapeutic and diagnosticrportance.

2) As previous study shows cognitive impairment occur in both Tg2576 mice in which
AEOAAOA DPOT COAOOAO OI T xI U AO AT i PAOAA O 4Coxc
progression (see more detail in table 5). In Tg257énice previous study al® shows[28]

that amyloid-; | stgrt@ppearing at age of 6 month and increases exponentially at age

of 9~10month. Moreover, it is considered that! ris responsible for early decline in

memory and later cognitive stability[29]. Studies also shows olfactory dysfunction occurs

even before cognitive decline, although exact relation betweeny AT A T 1 £AZAAOI OU A
tion is not well understood. Therefore, it was important to observe any olfactory related

abnormal behavioral changes theimight provide relationship of! 1 xEOE 11 £ZAAOI OU
AO1T AGET T8 "AOEAAOh EO T ECEO AI 01 AA EOOEOAOI
gression of disease by examining the behavioral changes at specific time point. In this

study has focusedtheeEAAO T &£ ' v 11 Oi A1l AAEI EOUS

19



Table 5. Transgenic Mice and Major events and differences in AD mice models used for this

study.

Major events T@5 M6 ce Tg6 750 (HPADMmi (Ref er «

Pl aque Advanced alEarly ageai,tfial[27
mati on initiates pl aque f ®3 maa |
mati DhZna bt
Neurona|Cell death|Exhibit neur o][30
rami dal neur o
| ayer 5 and t
| ost, activat
Ab-i nductlLatfi rAducedearbiyndduced e\[31
[3P
BACE1 | |BACE1 | eve|lBACEl1 levels |[[3B
el evati|el evated i|Jvated in para
with amyl olburden , star
starting |

Therefore, to investigate smellability in relation ! [, it was important to observe
smell ability (behavioral change) at stagewheré 1 A@DBT 1T AT OEAT 1 U ET AOAAOR

inent behavior changes could observed.

Thereby, food buried test was performed to check the mice general ability to smell. Food

buried test was preferred being simple and reliable to confirm the initial assumption re-

I AGAA O1 11 FAAQT OU /Basédm0 thid Or&,litiwaskniestigedet heOET T ! 1
smell ability of Tg2576 mice at age of 10month!(y A @BT1 1T AT OEAI 1 UgeET AOAAO
in these mice[21].

20



It was observed that at this stage mice showed abnormal olfactory behavior as
compared to agematched wild type mice. The average increased in latency time was

found 165.75% as compared to agenatched wild type mice as shown below irigure (2).

Tg2576 (10month)

800 - |

[=2]

o

o
L
|

Latency Time (sec)
£ =Y
o
o
®
®
}_H

200 - 0o "um
0 L] L
WT Tg

Figure2. Tg2576 10month mice food buried test performace; perfomance of control
mice (spheres), Tg2576 mice (squres). Data points represents latency time (mean=SED from
n=9 animals for WT(control group) and r8for Tg2576mice)

&OOOEAOh O1 OAOEEAUh xEAOEAO ' xAO EIT OI 1 OA
OEAI T U ET AOAAOGA ET 'y TECEO EAOA OECI OI 00 Afxks
reasons Tg6799 mice model was used. Tg6799 mice show intense p&ihology started
NOEOA AAOI EAO AO AT i DPAOAA O 4cCcuxe 1T EAA8 11 Ol
l'rt¢ftn OAOET ET OEEO !'s i1 AAl OEAO EO NOEOA
produced in Tg2576 mice. Besidesthis 1 A@DT 1T AT OEAT T U ET M@AAOAA A

21



before plaque formation that reduces the aging factor involvement in smell ability in this

study by usng Tg6799 mice at 2month of agg22].

Tg6799 mice at age of 2month show increased latency time or in other words took
more time to find food as compared to agenatched wild type mice. From which it was
AT 1 OEAAOAA OEAO xEOE !y A gaphdnilityOdadaisoth- ET AOAA
creased as shown ifigure (3) . Although difference was not found significant but still was
Ei BT OOAT O O1 1 AEA OOAT A AOOAOOI AT OO AT A O1T Al
ing ability. It was observed that Tg6799 mice at age 2omth mice showed 225.93% in-
AOAAOGA ET 1 AOAT AU OEI A AT i PAOAA O xEI A OUDPAS
role in smelling ability and might have potential for olfactory dysfunction.

Tg6799 (2month)

__ 800 -

Q

b4 ]

£ 600 -

Q

E

= 400 -

) o

3 200 - E

S —— -

0 ! v

WT Tg

Figure 3. Tg6799, 2 month mice food buried test performace; perfomance of control
mice (spheres), Tg6799 mice (squres ). Each data point represents latency time (mean+SED

from n=8 animals for WT(control group) and n=6 for Trgice)

More precisly, observation was also made to find any apearantly abnormilty or
injury otherthen! 1 OAT AOAA 1 1 AAXEé twdmicA (VOTAEAITFE) 1 8
22



showed high latency timein there representive groups {igure 2) but still appreantly no
other abnormailty/injury was found in these mice . These two mice might had poteially
weak immunosystem against! r toxcity which had disrupt their smell ability more as

compared to rest of group members.

Overall latency time differences can be seen below (showntable 6) according to

difference in age and type of mice used fahese experiments.

Table.6 Overall latency time differences of WT and TG mitesan be seen in table below

accordance with different age and type of mice used for these experiments.

Genotype Age n(no. of mice)  Latency time(Mean+SED)
WT(Tg6799) 2month 8 109.9 + 27.96
WT(Tg2576) 10month 9 285.6 + 27.28
Tg6799 2month 6 248.3 + 80.59
Tg2576 10month 9 473.4 + 63.03

Similarly, observation was also made for Tg2576 mice along with wild type mice at
age of 10month, mainly considering any injury, overweight and any other abnormality.
However it was found that three mice showed abnormal behavior not mainly due to olfac-
tory dysfunction but probably due to other possible reasons. One mice was injured, even
more than two weeks were passed but still wound wasund increased rather decreasing
with time, probably due to poor healing process of wound. That indicates mieright have
either diabetes mellitusthat could effect this tesf34] as wound was not healing with time

or mice might had some other infectious disease. Probably, mice lazy behavior and less

ET OAOAOO EI

this, size of one mice was found quite larger as compared to rest of its group members.

AT A AT OI A AA OAIl AdQAifeas@ Besi@eE AOS O

23
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That mice was distinguished as fatty mice, although mice tried to sniff during the test but
it was digging at different places and far away from hiddefood in cage. Recent study also
shows olfactory acuity alteation can occur in obese mic¢35]. Lastly, one mice was sniff-
ing in the air more than the floor of cage where food was hidden, trying tkeep moving
out of the cage. Possibly mice was not interested fimding the food rather going out. Pos-
sibly, mice was assuming that the source of food was outside compared to inside of case.
Although mice found the food but it took much more time in sniffing outside of the cage.
One possibility could be, mice need extradaptation time in experimental cage, so that it
could be used to new environment and took more interest in finding food. Based on these

reasons, it was essential to exclude these three mice.

Although many factors are involved not only progressioin|T £ ! | UEAEI AO8 O AE
but also in olfactory dysfunction. Out of themone leading factor is aging36]. To figureit
out, aging and its effect in this study, it was found that the average latency time increased
292.62% at age of 10month wild type mice as compared to 2mth wild type mice that
also quite significant. In comparison of only wild type mice, it was examined that aging
decreased the smell ability (as peviously also described by 37], differences on the basis

of aging was shown irfigure (4) below.
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Figure 4. Perfomance of wild type mice in relation to age ( 2 month &rh0nth)

""" AAEI EOU 1T O0A T AU AA AAhahOOA 1 £
lrtn¥ !'rt1¢ DOT AOAAA ET 4Ccuxei EAA8 (1 xAOAOh O

AT 1 OOEAOOA Oi All AEOAAEI EOU A1T11¢ xEOE ! 8

25



Chapter 2: Secretases in olfactory (peripheral) and central nervous

system
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RecentresearctOA OA AT AA Os&itAmyloit prekukgor pfotein cleavage en-
UUi Apq ETEOEAOQOAOG ' &I OF ACET 1T I1ADRAAHIAAOBOD OA E GEA
pathology[38] [39]. Itwasalso found that Bacel elevatd in postmortem of AD brain40],
suggesting with BacelincreasE 1 OT 1 OAA ET | 1 afely ADpA]OTRereforeAT A O1 O

secretases along with Bacel play key role in AD and their expression along with AD de-

cides the severity of AJ42].

To investigate key secretases involved iAD, cortex was usedalong with olfactory
bulb(OB) as a part of CNSalso in both AD models used in this study ( Tg2576 mice ,
Tg6799 mice) had! rpathology in cortex, especiallyayer 5 in case of Tg6799 miceBe-
sidesthis, cortex iswell known representative of CN$43]. Moreover, OB is also one of the
CNS region behind nose and involved in smell information processing to other regions of
OEA AOAET 8 /" EO AEEAAOAA AU ! rregibns dongvdld AAAOI (
abnormal nervoushyperactivity [44]. On the other hand OE is PNS areaaiid 1 AAAOI Oz
lation is associated with smell dysfunctiorin OB, suggestingeve ! 1 O AT 1 NOAT OEOQL
plaque formation could be crucial toproduce changesin OE It might also be helpful to
AAOAAO AAOI U AEIT i AOEAOO &£ O ' 1 UEAEI AO6O AEOAA
Therefore, to investigate the relationship oecretases and their changing expres-

sion with AD in PNS and CNS. First, study was focused the secretase expression in normal

mice (without have AD, young and healthy mice).

Firstly, Bacelvas analyzed, being a kegecretase for ADmMRNA levelwas exam-
ined in normal young C57BL/6 miceage of ~2 weeks ad analyzed Based on this analysis

BacelmRNAexpression and its relation in CNS and PNS can be understood.
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Figure 5. Bacel mRNA expression@57BL/6 normal miceage of ~ 2 weeks

It was observed that Bacel mRNA expression was not significant between OB and
OE being parts of CNS and PNS respectively comapredigas a control. Intrestingly, it
was observed that Bacel expression in OE was found more compared to OB as shown in
figur e (5). That suggests, PNS may either have early to increase in Bacel level compared
to CNS and may be critical for early AD pathology in PNEwas also revealed that in
normal mice little difference in secretase mMRNA expression in PNS, later might make3?

more vulunerable compared to CNS with the age and progress of disease.

Although, Bacel normal function is related to axon guiding and sypase formation, but
interestingly, it was found more in OE indicating some unkwnon role or function over
there [7]. That provides clues for underlying functional differences in PNS compared to
CNS based on secretases expression differences.

AsA &I Of AGETI 1T OEOiI OCE '00 DPOI AAOGOEIT ¢ EO
I OEAO OAA OAdorkt@sA alsh partitipkesin this processing. After initial cleavage
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I £ " A-fedretdse has role in making final cleavage fé&y /Il O [ UkfOrradely,

while considering APP processing andy Al O Adeiethsk is igmored due to its

involvement in both amyloidogenic and noramyloidogenic processing, producing APP

fragments along with toxicAy AT A | 00 A£O0ALgI AQ AP AbEaEE: A8 Q)
r-secretase also cleavagest€rminal of notch membrane fragmentsm similar way to APP
processing[45]. However, through it has diversity in functon but it key role in APP pro-

AAOGOET ¢ AATTT O AA ECIT T OAA hsede@rse@dndrdidd &myloid OA A OAE
peptide from range of 38 to 43 amino acid46], based on their length folding of peptides,

toxicity is depending. Even though, understanding of mécA 1 E O fseciletdse catalytic

processing has been lacking but its therapeutic significance in both early and late onset of

AD is notable.

417 ET OA GdrEtgsd RNA expression in PNS compared to CNS, real time
PCR data shown ifigure (6) . As alread) | AT OE T 1 -BeBretadsédubididits (catalytic
and regulatory) and their role in neurodegenerative diseases, especially AD. Accordingly,

EO6O0 EI PT OOAT O OI EI OAOOECAOA OEAEO AgPPOAOOEI
A

weeks. Very interestingly, tEO &I 01 A OEAO AT OEsedefadeAdrede®d EA OOA
nilinl and presenilin2) are significantly increased and respectively in PNS compared to
CNS. Not only this, regulatory subunits give also had similar pattern with increasing quan-
tities in had PNS ompared to CNS. Further, examining the results for regulatory subunits,

nicastrin is although not significantly increased as compared to cortex. As nicastrin that

POT I T OAO secrérasd rhatutatiom but also regulator of a degrading an enzyme
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which involves in degrading ofsAy Z£OACI AT OOh OEOO ET AEAAOQOEI ¢ OE!/
i AOOOA$&dtdse and degradatioly A£OACI AT 06 Ai i PAOAA O1T #. 3
However, APH1 increased mMRNA expression level in OE while in OB decreased
significantly as compared b cortex. APHp h  AAET C Gshde@asein@tiradionian® r
AOOAT OEAIT  /Elsérretase tfelells that AP¥Ehas more vital role in assembly
AT A 1 A OO Gdedddfabelin PNSEompared to CNS.
Meanwhile, it was examined that PEN2 expressn was significantly increased in
0.3 AO AT i PAOAA OF #. 38-sdretfasg20fh O OOKLBEGBOA r £ O A
has more active role in PNS compared to CNS. These results indicate in PNS of normal mice
xAl1T AOOAIT Al Adecréidselwitt akti@elntddmone effective role compared to
CNS. Later withagdh T A ' $§ BDOT COAOOEI T xAl 1 AebOddsdl AA AT
may play striking role in APP processing in olfactory system by promoting some of prod-

uct of APP fragments that can be involved in olfactory dysfunction.
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Figure 6.Gamma secretase mRNA expression in C57BL/6 normal mice age of ~ 2 weeks including catalytic subunits

(pesenilin1 & Presenilin2) and regulatory subunits (Nicastrin, APH-1 and Presenilin Enhancer 2).
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These results suggest OE as a part of PNS has distinct mMRNA expression pattern of
secretases as compared to OB which is part of CNS in relation to cortex.
However, APP protein is also processed by Bacpitease,close homog of Bacel, that can
participate in APP processing by making cleavage on three known sites gf A OANOAT A A
including Phe19-Phe), Phe2BAla21, and Leu34Met35[47]. Bace2, impairment might in-
crease AD risk but contrary to Bacelaction. Bace?2 cleavage APP at different position com-
pared to Bacel and has abilitytocutadyy OANOAT AAO Ol A E IAR®OOD AIOKA A
or degradation. This unique ability made it distinct from its homolog Baceland make it
worthwhile in ameliorating AD. Bace2 might change the end product by its cleavages,
therefore its normal function and expiession is important in enhancing the degradation

of toxic peptide like Ay 8

BACE2
2.0- e dede ke
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Figure 7. Bace2 mRNA expression@57BL/6 normal miceage of ~ 2 weeks
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To investigate Bace2 mRNA expression in normal young C57BL/6 mice age of ~2
weeks, based orfOEas a corrol, PNS and CN#ere compared. In OB, Bace2 expression is
found significantly increased whencomparedwith cortex. On the other hand, in OE, Bace2
expression also increased significantly but less significant than OB as showrfigure (7) .
These results indicate that Bace2 high expression in OB and OE suggests Bace2 as a de-
grading enzyme might have might have more degrading role in OB and cortex and end

productAy I ECEO AA AACOAAAA AEAOOAO AO Ai i PAOAA Oi

Additional 1 Uh AT OE OA A O Adarktasd)Gnvojved AnAAD ppatholagy r
showed not muchdifferences in pattern of mMRNAwhile comparing between OB and cortex
because they bothwere part of CNS. On the other hand OE being part of PNS skdwlear
difference ascompared toOB andcortex. Based on thiseason, while comparing wild type
mice with transgenic mice, further study was made to use OB as a representative of CNS

and OE as a representative of PNS.

Bacel,changes in AD postmortum as mentioned previously amelported in many
studies [40]. Although, Bacel plays key r@ in generating A& but still its physiological
functions are not well understood.Recent research shows, its possible physiological roles
including synapses regulation and cAMP/PKA/CREB pathway. Bacel is known as rate
limiting enzymeinAr D O1 A O AcOriiribution folvafd pathogenesis of AD pathalogy.

It may also contribute AD through memory and cognetive deficits by regulating

s o~ A s s s oA
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EO8O0 ET OAOAOOET ¢ OI AT Al uAy Blagietnatbrgebdxdr© OE T 1

veal its role accordingly during mild or onset of AD. To figure out its expression studies
made on both 1) Tg2576micewell characterized transgenic mice that expresses APP Swe-
dish mutation. 2) Tg6799 micerecently developed mice that expesses five familial muta-

tions including APP mutations (known as Swedish, Florida and London) and Presenilinl

mutation (M146L and L286V) asmentioned in table 2.

In addition, Tg2576 mice developAr DI ANOA A £0A[P8] whier

Tg6799mice showsAy DI ANOA AT A Ad AGAOET A £0 4O [2&]C A

(T xAOGAOh '1 UEAEI AO6O AEOAAOA PAOEIIT T cu AAIl

both. Therefore, using this study on different transgenic mice might be helpful to analyze
phenomena in single APP mutation mice or in mice having five mutationsedether. Also
Tg6799 mice showAr 1 ¢  O1 GEA Al madrona dedttOwhiBhAOM@AMIssing in
tg2576 miceand while Ay D1 ANOA Adk karlylabelof ~3rooktAto minimizing
aging factor. Therefore, at stage of befordy DI ANOA /&l O A7 End Tg6709
mice secretase expression can give proper direction whether mice are going towarég

plaque formation phenomena or some other way.

To figure out secretase expression and to reveal the pathology at critical stage be-
foreAy DI ANOA ingiffaddntArdn&genic mice is very crucial. This might be helpful

for diagnostic and therapeutic both approaches.

Firstly, the study was made to analyze secretases expression in ~10months mice
Tg2576 mice beforeAy HI1 ANOA &1 O AOET Tliditing dndyke, andlyzédx 1
initially. It was observed that Bacel mRNA expression was significantly increased in
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Tg2576 mice OE as compared to ageatched wild type mice OE. In case of OB, Bacel
MRNA expression was found significantly increased in Tg2576 n@cas compared age
matched to wild type mice as shown ifigure (8) . Interestingly, these results indicatd®NS
had more increasing mRNZAexpression of Bacel as compared tiheir control in Tg2576
mice. These results suggest OE could be more effected by dgriaD pathology and might
be useful source for predicting AD biomarkers. If, in PNS AD pathology started more vig-
orously, then there might have a chance to find biomarkers over there although in CNS

pathology could be at its early or mild stage.
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Figure 8. Bacel mRNA expression in Tg25ice atage of ~ 10moth as compared to age

matched wild type both in pereipheral nerous system ( OE ) and central nervous system ( OB ).
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Figure 9. Bacel Protein expression in Tg25Wtice atage of ~ 10moth as compared to age
matched wild type both in pereipheral nerous system ( OEd aantral nervous system ( OB )

and quantification.

While protein expression of Bacel secretase was found decreased in Tg OE
compared to WT in contrasto CNSwvhere Bacelprotein expression was found increased
in Tg OB compared to WT OB at age of 10 mon#&ts Bacel has important role in neuronal
surival and synapes formation and axonal targeting [48], therefore it may decreased in OE
due to immaure OSN die due to apoptosisvith overexpression of hAPP as shown by
previous study[49] together with 10 month age contribute even more to this. \lile in OB
more synapses and mature neurons are involed. Second reason could be Bacel axonal
transportation after formation in nucleus althoughBacel axonal transportation is not well

understood yet.
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Figure 10. Bacel mRNA expression in Tg678fce atage of ~ 2math as compared to age

matched wild type both in pereipheral nerous system ( OE ) and central nervous system ( OB ).

To confirm similar phenomenon further in ~2month age of Tg6799 mice was also
observed, it was found that in OE of Tg6799 mice Bacel expressigas significantly high
compared to agematched wild type mice. And Bcaelexpressiowas found significantly
lowered in OB ofTg6799 mice as compared to wild type mice as shown figure (10) .
However, interestingly mRNA expression pattern of Bacel was found in similar to Tg2576

mice (~ 10month), Bacel increased in PNS and decreased in CNS.
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Figure 11. Bacel Proteirexpression in Tg679fnice atage of ~ 2math as compared to age
matched wild type both in pereipheral nerous system ( OEd aantral nervous system ( OB )

and quantification.

On other hand Bacel protein expressiowas increased in Tg OE compared toaNT CE, as

previous study sugesed Bacel level become high at early age ( as in this case of 2 month)

dueto! r t¢ A& O AGET T ET OEAOA 1 E A WhikeA@BBROT i T OAC
was found more due to involving in synapes formation and decreased in Tg OB due to

lossing d synapases and plasicity due to more toxic form ofl OEAO xAO

lr 1¢ET 5091 OAA
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Figure 12. Presenilinl mRNA expression in Tg25iffice atage of ~ 10math as compared
to agematched wild type both in pereipheral nerous system ( OE ) and central nervous

system ( OB ).

Secondlyr -secretase was analyzed.-secretase catalytic subunits(presenilinland
presenilin2) were studied for comparison mainly. It was examined that presenlinl expres-
sion increased 9.43% in OE of Tg2576 mice as compared agatched wild type. Likewise,
presenilinl expression is increased 14% in OB of Tg2576 mice as compared to age
matched wild type mice as shown infigure (12) . These results indicate presenliel
MRNA expression pattern showedimilarity in PNS and CNS but in increasing trend in

both systems.
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Figure 13. Presenilinl Protein expression in Tg257@ice atage of ~ 10moth as compared

to agematched wildtype both in pereipheral nerous system ( OE ) and central nervous

system ( OB ).

Interstingly when protein expression of presenilinl was analyzed, it was found
that presenilinl mainly involved in CNS compared to PNS. As full length presenilinl or
CTF were mainly found in OB. Quantified data indicate that compared to WT OE
presenilinl increases in both Tg OE and Tg OB that may be sufficient for promoting AD in

both Tg OE and Tg OB.
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Figure
14. Presenilinl mRNA expression in Tg678fice atage of ~ 2math as compared to age

matched wild type both in pereipheral nerousggm ( OE ) and central nervosgstem ( OB ).

Under similar scenario, it was also investigated presenilinl in ~2month age
Tg6799 mice. It was analyzed that presenilinl mRNA expression wexreased in Tg6799
mice as compared to agenatched wild type mice However presenilinl mRNA expression

in OB was found significantly decreased as shown figure (14) .
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Figure 15. Presenilinl Protein expression in Tg6798ice atage of ~ 2math ascompared

to agematched wild type both in pereipheral nerous system ( OE ) and central nervous

system ( OB ).

Similar pattern was also found in 6799 mice that shows Presenlinl mainly
involved in CNS compared to PNS as full length and CTF of presenilinl were mainly
found in OB.These results indicate presenilinl expression increaskin PNS and CNS of
Tg2576 mice ~10 monthand Tg6799 mice 2 month ge but overall quantification data
show CNS expressed more presenilindlsothe Gterminal fragment expression in also

found mainly in CNS has key role in activity of presenilinl secreta§g?2].
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Figure 16. Presenilin2 mRNA expression in Tg25ittice atage of ~ 10maoth as compared

to agematched wild type both in pereipheral nerous system ( OE ) and central nervous

system ( OB ).
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It was examined that in Tg2576 mice at age of ~10 month OE and OB both showed signif-

icantly increasing mRNA expression as compared to ageatched mice wild type as shown

T VN -

in figure (16) 8 4 EAOA OAOOI 00 ET AEAAOA-sebrétaseAsbdndkl AA 1T £
and with only one APP mutation (Swedish mutation) presenilin2 mRNA both in PN&d

CNS increases significantly but higher in OE as can be seen through ratio compared to WT
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Figure 17. Presenilin2 Protein expression in Tg25#tice atage of ~ 10moth as compared
to agematched wild type both in pereipheral nerous system ( OE ) and central nervous

system ( OB ).

Interestingly, as abow resultsshown that presenilinl was mainly found in CNS but
presenilin2 was only found in OE. Additionally it was foundhat protein expression was
increased in Tg OE compared to agmatched WT OE. While in OB no full length band was
found. Similar pattern was fourd for Gterminal fragments of presenilin2 that can be seen

dominantly in OE suggesting their possible role in PNS compared to CNS.
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Figure 18. Presenilin2 mRNA expression in Tg6788ce atage of ~ 2math as compared to

age-matched wild type both irpereipheral nerous system ( OE ) and central nervous system

(OB).

Subsequently, presenilin2 in ~2month age of Tg6799 mice was analyzed. It was
examined that presenilin2 mRNA expression was significantly increased in OE of Tg6799
mice as compared to agenatched wild type mice. And presenilin2 mRNA expression was

found significantly reduced in OB of Tg6799 mice as compared to ageatched wild type
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mice as shown infigure (18) 8 4 EAOA OAOOI 60O ET AEAAGAreET DOAO
tase (mainly presenilinl inthese mice subunit and with three APP mutation presenilin2

MRNA expression still can be found significantly increased in PNS as compared to CNS.
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Figure 19. Presenilin2 Protein expression in Tg67898ce atage of ~ 2math as compared
to agematched wild typeboth in pereipheral nerous system ( OE ) and central nervous

system ( OB ).

Preseniline 2 protein CTF expression was similarly found higher in OE compared
to OB, although full length presenline®dand was not found Still it can be seen presenilin2
Gterminal are mainly found in OE that suggest it mainly involved in OE compared to OB .
It was found no presenilin2 protein expression ( full length) in Tg6799 mice which also
suggested by promoting presinlinl may domina¢ functionally also and may have

supressing or alternatively role forr -secretase[53].
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Figure 20. Bace2 mRNA expression in Tg25méce atage of ~ 10moth as compared t@age-
matched wild type both in pereipheral nerous system ( OE ) and central nervous system ( OB ).

| AAEOET T ATl uh AACOAAET ¢ AT UUI A "AAA¢ OEAO A
AT A AAOGOGAO AAOOOOATGPH76 mice &~ age of homénthiAias)fouhddh E 1
that both in OE and OB of Tg2576 mice showed bit reduced mRNA expression of Bace2 as
comparedtoagel AOAEAA xEI A OUPA T EAA8 " OO Al OE AEAT G
MRNA expression level as compared to control as shownfigure (20) . These results in-

dicate overall Bacel level remains same in both PNS and CNS.
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Figure 21. Bace2 mRNA expression in Tg678fce atage of ~ 2math as compared to age

matched wild type both in pereipheral nerous system ( OE ) and central nervous sysd).(

Subsequently, Bace2mRNA expression in ~2month age Tg6799 mice was analyzed.
Bace2 was found no significantly changed in mRNA expression in OE of Tg6799 mice as
compared to agematched wild type mice. Interestingly, in OB mRNA expression of Bace2
was found significantly increased in Tg6799 mice age of ~2 month as compared wild type
mice as shown infigure (21) . Together, these results suggest Bace2 can be found less in

PNS as compared to CNS.

Overall, above results and secretases trend indicatbat presenilinl and prese-
nilin2 mRNA can be found increased in PNS (OE) as compared to CNS @Byugh in OB
presenilinl possibly have role compared to PNS where presenilin2 expression was found
high. While Bace2 secretase, which is also known as degrag enzyme that showed only
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increasing pattern in OB of Tg6799 mice ~2moth age. It suggested that as in these mice
and more toxic formoft f EO A&l Of AA ET 1T x1T AO 'r1¢ OEAO
function. While OE is already in contact with outer evironment that may have already
stronger mechanism to deal with toxic substances and may not require Bace2 for this pur-

pose.
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olfactory system
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YT 11 UEAETI AO6O AEOCAAOA AAGATTPIATO TTA 1T £
through sequential proteolytic processing of APP by -secretaseA 1T A-searetase en-
zymegq54]. APP is a transmembrane protein with large extracellular and small intracellu-
lar domain. Being transmembraneprotein, APP can be processed as namyloidogenic
processing, plays major role in numerous cellular functions including synaptogenesis,
synaptic plasticity and also neurgrotective functions in nervous system[6]. On the con-
trary, amyloidogenic processing of APP (show ifigure 22 ), at initial step [ -secretase
(Bacel) cleaves at Nerminal of large extracellular domain of APP, releasing APP A A OT Z
domain and concurrently membranebounded Gterminal fragment (CTF99) [55]. Subse-
quently, GOAOI ET Al  AOACI Al O<creha®ironbranigefoh38 648 AmimdU
acids, produéng potentially toxic fragments[45]. Moreover, Bace2 also capatrticipate in
APP processing by making cleavage on three known sites gf A OANOAT AA ET Al OAET ¢
Phe20, Phe20Ala21, and Leu34Met35 [47].These secréase are involved in generating
different potentially toxic fragments alongwith fragments that have neurgrotective func-
tion. However, accumulation of these potentially toxic fragments is not only one of the
leading hallmark for AD but may also leads to olfactory dysfunction , abnormal behavior,

memory impairment , neuronal death in AD models.
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Figure 22. Amyloidogenic processing of APP. Bacel andr-secretase involved in pro-
cessing of APP and are responsible for generation of tbxjcBace2 may destrucy AT A

can work as degrading enzyme.

It was hypothesized that different secretases expression in PNS esmpared to
CNS might involve in generation of APP fragments that could be detected prior to be pro-
duced in CNSAs olfactory dysfunction acur prior to memory impairment [44] suggesting
with the progress of AD at early stages APP process differences might involve in genera-
tion of some potentially toxic fragments that could be only used as biomarker for early AD.
Olfactory behavior tests and secretases mRNA expressions this study, suggest there
might be either unique APP processing in olfactory system or some unique APP fragments
are formed during early AD. And these fragments might not only involved in AD but also

olfactory dysfunction.

Therefore, it was important to figure out APP processing in OE (PNS) along with
CNS area. To investigate that it was important to examinet€minal fragments produced

by Bacel, which is the secretase that initiate this processing and catalyzes APP inte C
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terminal fragments which are sbsequently catalyzed by other secretases as already men-

tioned above.

Thereupon, western blot was performed to examine the -@&rminal fragment in
PNS of a normal young C57 BL/6 mice at age of ~2 weeks as compared to CNS. As shown
above infigure (22) Cterminal antibody (see also table for antibodies) detects all @r-
minal fragments by detecting amino acid sequencedm 643-695 on Gterminal of APP. It
includes all Gterminals fragments of APP including (CTR9) and (CTF83) produced by
r-secretase d A -sqcretaserespectively[56].- T OA T Gslotetase mlso catalyzes APP
TAAO 't OEOAO -80A éminA acil Bequéi(és lof ARP, suiggest alis@minal
and their pattern can be seen. Interestingly, it was found that-@rminal fragments in OE
showed unique expression pattern agompared to other CNS areas including OB, cortex
and hippocampus (cerebellum, hypothalamus not shown here)as shown figure ( 23) .
Nevertheless, all CNS brain area which were used in this study show similateZminal
fragments pattern among them. This itriguing finding indicate PNS has unique APP pro-
cessing as compared to CNS because thée@ninal fragments product between both sys-

tems can be characterized differently.
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