
 

 

-ÁÓÔÅÒȭÓ 4ÈÅÓÉÓ 

  

 

 

 

3ÔÕÄÉÅÓ ÏÎ 0ÒÏÔÅÏÌÙÔÉÃ 0ÒÏÃÅÓÓÉÎÇ ÏÆ !ÍÙÌÏÉÄ     

0ÒÅÃÕÒÓÏÒ ÐÒÏÔÅÉÎ ɉ!00Ɋ ÉÎ /ÌÆÁÃÔÏÒÙ %ÐÉÔÈÅÌÉÕÍ       

ÕÓÉÎÇ !$ 4ÒÁÎÓÇÅÎÉÃ -ÉÃÅ  

 

 

 

Ameer Abu Bakr Rasheed (ῷḈᵎ) 

 

 

Department of Brain Science 

 

 

 

DGIST 

 

2014 



 

 

 

-ÁÓÔÅÒȭÓ 4ÈÅÓÉÓ 

  

 

 

 

3ÔÕÄÉÅÓ ÏÎ 0ÒÏÔÅÏÌÙÔÉÃ 0ÒÏÃÅÓÓÉÎÇ ÏÆ !ÍÙÌÏÉÄ    

0ÒÅÃÕÒÓÏÒ ÐÒÏÔÅÉÎ ɉ!00Ɋ ÉÎ /ÌÆÁÃÔÏÒÙ %ÐÉÔÈÅÌÉÕÍ 

ÕÓÉÎÇ !$ 4ÒÁÎÓÇÅÎÉÃ -ÉÃÅ  

 

 

Ameer Abu Bakr Rasheed (ῷḈᵎ) 

 

 

Department of Brain Science 

 

 

 

DGIST 

 

2014 

 



 



 

 
 

 

 



 
 

 
 

i 

 

-3Ⱦ"3                  ȟ !ÍÅÅÒ !ÂÕ "ÁËÒ 2ÁÓÈÅÅÄȟ 3ÔÕÄÉÅÓ ÏÎ 0ÒÏÔÅÏÌÙÔÉÃ 0ÒÏÃÅÓÓÉÎÇ ÏÆ  

!ÍÙÌÏÉÄ  

                                       0ÒÅÃÕÒÓÏÒ ÐÒÏÔÅÉÎ ɉ!00Ɋ ÉÎ /ÌÆÁÃÔÏÒÙ %ÐÉÔÈÅÌÉÕÍ ÕÓÉÎÇ !$ 4ÒÁÎÓÇÅÎÉÃ 

-ÉÃÅ  

  

201225006  Department of Brain Science, 2014,  

   Professor Cheil Moon, Professor Keun-A Chang 

 

 

 

Abstract  

 

Olfactory impairment is a well-ÄÏÃÕÍÅÎÔÅÄ ÁÂÎÏÒÍÁÌÉÔÙ ÉÎ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ ɉ!$ɊȢ AD 
is known to begin with abnormal processing of amyloid precursor protein (APP), through sequen-
ÔÉÁÌ ÃÌÅÁÖÁÇÅÓ ÆÉÒÓÔ ÂÙ ɼ-ÓÅÃÒÅÔÁÓÅ ÁÎÄ ÔÈÅÎ ÂÙ ɾ-secretase complex which leads to excess produc-
ÔÉÏÎ ÏÆ ɼ-ÁÍÙÌÏÉÄ ɉ!ɼɊ ÉÎ ÔÈÅ ÃÏÒÔÅØȢ 7ÈÉÌÅ olfactory dysfunction occurs in the incipient stages of 
!$ ÅÖÅÎ ÂÅÆÏÒÅ !ɼ ÄÅÐÏÓÉÔÉÏÎ ÁÎÄ ÐÌÁÑÕÅ ÆÏÒÍÁÔÉÏÎ ÉÎ ÔÈÅ #.3ȟ ÔÈÅ ÆÕÎÃÔÉÏÎÁÌ ÃÏÒÒÅÌÁÔÉÏÎ ÏÆ ÏÌÆÁÃȤ
tory deficit in relation to AD is not well 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 of transgenic mice models were used including Tg2576, which overexpresses human APP 
and Tg6799 (also called 5xFAD), which expresses human APP and Presenilin1 both mutations to-
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 plaque formation but 
also for treatment purposes. 
This data demonstrates that the abnormal processing of APP in the OE provides APP fragments 
including 25 kDa, 55kDa and 80 kDa  that 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 
Aɼ plaque formation in the CNS). Such biomarkers can be accessed via biopsy and can be used for 
establishing improved early diagnostic procedure for the AD. Additionally, PS2 increased level was 
found in OE that possibly involved in unique APP processing and might also be crucial for under-
standing the ɾ-secretase role controlling AD through ɾ-secretase as a therapeutic target. 
 
 

 
 

 

Keywords : !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅȟ ÏÌÆÁÃÔÏÒÙ ÓÙÓÔÅÍȟ !ÍÙÌÏÉÄ ÐÒÅÃÕÒÓÏÒ ÐÒÏÔÅÉÎȟ ÓÅÃÒÅÔÁÓÅ ÁÎÄ ÂÉȤ
omarker.  
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INTRODUCTION:  

 

!ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ ÉÓ ÓÌÏ×ÌÙ progressive and irreversible brain disease which is 

one of the most common cause of dementia [1]. In AD patients not only suffer from cogni-

tive but also motor and sensory loss [2]. Although the mechanism of AD is not well under-

stood still AD pathology is characterized by extra cellular amyloid-ɼ ÄÅÐÏÓÉÔÓ ÁÎÄ 

ÉÎÔÅÒÁÃÅÌÌÕÌÁÒ ÎÅÕÒÆÉÂÒÉÌ ÔÁÎÇÌÅÓ ÆÏÒÍÁÔÉÏÎ ÏÆ ÈÙÐÅÒÐÈÏÓÐÈÏÒÙÌÁÔÉÏÎ ÏÆ ÔÁÕ ÐÒÏÔÅÉÎȢ "ÅÉÎÇ 

ÉÒÒÅÖÅÒÓÉÂÌÅ ÁÎÄ ÎÅÕÒÏÌÏÇÉÃÁÌ ÄÁÍÁÇÉÎÇ ÄÉÓÅÁÓÅȟ ÉÔÓ ÖÅÒÙ ÉÍÐÏÒÔÁÎÔ ÔÏ ÄÅÔÅÃÔ ÁÎÄ ÄÉÁÇÏÎÓÅ 

ÁÔ  ÅÁÒÌÉÅÒ ÏÒ  ÁÔ ÓÏÍÅ ÃÏÎÔÒÏÌÁÂÌÅ ÔÉÍÅ ÐÏÉÎÔȢ 3ÏÍÅ ÕÓÅÆÕÌ !$ ÄÉÁÇÏÎÓÔÉÃ ÂÉÏÍÁÒËÅÒÓ ÁÒÅ 

ÒÅÑÕÉÒÅÄ ÆÏÒ ÔÈÉÓ ÐÕÒÐÏÓÅȢ 4ÈÅÓÅ ÂÉÏÍÁÒËÅÒÓ ÓÈÏÕÌÄ  ÁÌÓÏ ÆÕÌÌÆÕÌ ÔÈÅ ÃÒÉÔÅÒÉÁ ÏÆ ÕÓÅÆÕÌÎÅÓÓ 

ÆÏÒ !$ ÄÅÔÅÃÔÉÏÎȢ "ÉÏÍÁÒËÅÒÓ ÓÈÏÕÌÄ ÂÅÃÏÍÅ ÁÂÎÏÒÍÁÌ ×ÉÔÈ ÔÈÅ ÐÒÏÇÒÅÓÓÉÏÎ ÏÆ ÄÉÓÅÁÓÅ ÉÎ 

ÏÔÈÅÒ ×ÏÒÄÓ ÔÈÅÙ ÓÈÏÕÌÄ ÂÅ ÄÙÎÁÍÉÃ ÁÎÄ ÃÏÒÒÅÌÁÔÅ ×ÉÔÈ ÃÌÉÎÉÃÁÌ ÓÙÍÐÔÏÍ ÁÎÄ ÓÅÖÅÒÉÔÙ ÏÆ 

ÄÉÓÅÁÓÅ ɍσɎ. 

 

Recent research on use of specific AD biomarker for disease staging in vivo shows 

that !ɼ ÄÙÎÁÍÉÃÁÌÌÙ ÃÏÒÒÅÌÁÔÅÓ ×ÉÔÈ ÄÉÓÅÁÓÅ ÁÔ ÄÉÆÆÅÒÅÎÔ ÓÔÁÇÅÓ ÏÆ ÄÉÓÅÁÓÅ ÐÒÏÇÒÅÓÓÉÏÎɍτɎ 

ɍυɎ. But !ɼ ÌÅÖÅÌ ÖÁÒÉÅÓ ÉÎ ÐÁÔÉÅÎÔÓȢ 7ÈÉÃÈ ÓÕÇÇÅÓÔÓȟ ÔÈÒÏÕÇÈ ÐÒÏÃÅÓÓ ÏÆ !ɼ ÐÒÏÄÕÃÔÉÏÎ 

ÓÔÁÒÔÓ ÅÁÒÌÉÅÒ ÂÕÔ !ɼ ÁÓ Á ÂÉÏÍÁÒËÅÒ ÏÎÌÙ ÉÓ ÎÏÔ ÒÅÌÉÂÁÌÅ ȟ ÔÈÅÒÅÆÏÒÅ ÁÎ ÁÌÔÅÒÎÁÔÉÖÅ ÂÉÏÍÁÒËÅÒ 

ÍÕÓÔ ÂÅ ÆÏÕÎÄ ÁÌÏÎÇ ×ÉÔÈ !ɼ ÇÅÎÅÒÁÔÉÏÎ ÐÒÏÃÅÓÓȢ 
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&ÉÇÕÒÅρȢ "ÉÏÍÁËÅÒÓ ÁÎÄ !$ ÅÁÒÌÙ ÄÅÔÅÃÔÉÏÎ 

Source; Modified  from Ingelsson, M et al 2004.  [4] 

!ɼ can be produced through proteolytic processing of APP (amyloid precursor pro-

tein), which takes central position in AD pathogenesis. APP is single-pass transmembrane 

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

known but has neuroprotective function and positive effect on 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 secretases ɻ-secretase and ɾ-secretase while in amyloidogenic pro-

cessing ɼ-secretase (identified  as transmembrane aspartase protease BACE1) ÁÎÄ ɾ-

secretase are involved. Product generated during both processings have soluble ectodo-

main (sAPP ɻ and sAPP ɼɊ ÒÅÓÐÅÃÔÉÖÅÌÙ ÁÌÏÎÇ ×ÉÔÈ ÉÄÅÎtical product called AICD 
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(intracellular C-terminal fregmenets)[9]. More importantly amyloidogenic processing 

generates !ɼȟ Á ÓÅÑÕÅÎÃÅ ÃÏÎÔÁÉÎÅÄ ÂÙ sAPP ɼ ÐÁÒÔȢ )Î ÂÒÁÉÎ !00 ÐÒÏÃÅÓÓÉÎÇ ÇÅÎÅÒÁÔÅÓ 

mainly !ɼτπ ÁÎÄ !ɼτς ÂÁÓÅÄ ÏÎ τπ ÁÎÄ τς ÁÍÉÎÏ ÁÃÉÄÓ ÒÅÓÉÄÕÅÓ ÄÅÐÅÎÄÉÎÇ ÏÎ ÓÅÃÒÅÔÁÓÅÓ 

ɉ ÓÅÅ ÓÅÃÒÅÔÁÓÅ ÔÁÂÌÅ ρɊ ÔÈÒÏÕÇÈ ÁÌÔÅÒÎÁÔÉÖÅ ÓÐÌÉÃÉÎÇÓ  ɍρπɎȢ !ÌÏÎÇ ×ÉÔÈ ÒÅÇÕÌÁÔÏÒÙ ÓÕÂÕÎÉÔÓ 

ÏÆ ɾ-secretase complex, catalytic subunits presenilin1 (PS1) and presenilin 2 ( PS2) are 

involved mainly in deciding the length of these toxic form of !ɼȢ 4ÈÅÓÅ ÔÏØÉÃ ÆÏÒÍÓ ÏÆ !ɼ 

ÃÁÎ ÁÇÇÒÅÇÁÔÅ ÁÎÄ ÆÏÒÍ ÐÌÁÕÑÅ ÔÈÁÔ ÈÁÓ ÍÏÒÅ ÔÏØÉÃ ÅÆÆÅÃÔ ɍρρɎȢ 

7ÉÔÈ ÔÈÅ ÐÒÏÇÒÅÓÓÉÏÎ ÏÆ !$ȟ ÓÙÍÐÔÏÍÓ ÁÌÓÏ ÓÐÒÅÁÄ ÁÌÏÎÇ ×ÉÔÈ ÉÔ ÄÅÐÅÎÄÉÎÇ ÏÎ ÔÈÅ 

ÖÌÕÎÅÒÁÂÉÌÉÔÙ ÏÆ ÄÉÆÆÅÒÅÎÔ ÐÁÒÔÙ ÏÆ ÎÅÒÖÏÕÓ ÓÙÓÔÅÍȢ -ÏÒÅ ÖÌÕÎÅÒÁÂÌÅ ÁÒÅÁÓ ÁÒÅ ÓÕÐÐÏÓÅ ÔÏ 

ÂÅ ÅÆÆÅÃÔÅÄ ÅÁÒÌÉÅÒ ÔÏ ÏÔÈÅÒÓȟ ÔÈÅ ÒÅÁÓÏÎ !$ ÓÍÐÔÏÍÓ ÁÐÐÅÁÒ ÉÎ ÄÉÆÆÅÒÅÎÔ ÒÅÇÉÏÎÓ ÉÎ Á 

ÓÅÑÕÅÎÔÉÁÌ ÏÒÄÅÒ ÁÎÄ ÃÏÎÓÉÓÔÅÎÃÙȟ ÁÌÔÈÏÕÇÈ ÍÅÁÃÈÎÉÓÍ ÉÓ ÐÏÏÒÌÙ ÕÎÄÅÒÓÔÏÏÄȢ /ÕÔ ÏÆ ÔÈÅÓÅ 

ÅÁÒÌÙ ÓÙÍÔÏÍÓȟ ÏÎÅ ÉÓ ÏÌÆÁÃÔÏÒÙ ÉÍÐÁÉÒÅÍÅÎÔ [12]ȟ ×ÈÉÃÈ ÓÕÇÇÅÓÔ ÏÌÆÁÃÔÏÒÙ ÓÙÓÔÅÍ ÉÓ ÏÎÅ 

ÏÆ ÔÈÅ ÅÁÒÌÙ ÖÌÕÎÅÒÁÂÌÅ ÒÅÇÉÏÎ ÄÕÒÉÎÇ !$ ÐÒÏÇÒÅÓÓÉÏÎȢ 4ÈÅÒÅÆÏÒÅȟ ÆÉÎÄÉÎÇ ÔÈÅ ÃÏÒÒÅÌÁÔÉÏÎ 

ÂÅÔ×ÅÅÎ ÅÁÒÌÙ ÐÈÅÎÏÍÅÎ ÏÆ !00 ÐÒÏÃÅÓÓÉÎÇ ÁÎÄ ÏÎÅ ÏÆ ÔÈÅÒ ÅÁÒÌÉÅÒ ÖÌÕÎÅÒÁÂÌÅ ÁÒÅÁ ÏÆ 

ÎÅÒÖÏÕÓ ÓÙÓÔÅÍ ÍÉÇÈÔ ÌÅÁÄ ÔÏ ÖÁÌÕÅÁÂÌÅ ÉÎÓÉÇÈÔÓȢ 

This research has focused on APP processing in peripheral structures, the olfactory 

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

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

that has significance in providing not only possible biomarkers (including 25kDa, 55kDa 

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

but also for treatment purpose. Additionally, PS2 increased level was found in OE that 
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possibly involved in unique APP processing and might also be crucial for understanding 

the ɾ-secretase role and controlling AD through ɾ-secretase as a therapeutic target. 

 

Table 1.   Secretases responsible for APP processing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Secretase                         Types/  

subunits  

 Major function related to APP  processing References 

 

 

Ŭ-secretase 

Adam 9  Involve in regulation of Ŭ-cleavage, may promote 

sAPPŬ. 

 [8] 

Adam 10 APP processing enzyme with constitutive and reg-

ulated Ŭ-secretase activity. 

 [13] 

 [14] 

                       

ɓ-secretase 

Bace1 BACE1 activity is thought to be the rate-limiting 

factor in Aɓ generation from APP. 

 [7] 

Bace2 Cleaves APP near the Ŭ-secretase site much more 

efficiently than at the ɓ-secretase site. 

 [15] 

 

 

 

 

 

ɔ-secretase 

Presenilin1 Presenilin-1 gene (PSEN1) mutations increase Aɓ 

generation. 

 [16] 

Presenilin2 Presenilin 2 (PS2) mutations increase Aɓ genera-

tion. 

 [17] 

Nicastrin Nicastrin modulates presenilin mediated 

notch/glp-1signal transduction and APP pro-

cessing. 

 [18] 

APH1 Aph-1 and pen-2 are required for Notch pathway 

signaling, gamma-secretase cleavage of ɓAPP, and 

presenilin protein accumulation.  

 [19] 

Presenilin 

Enhancer2 

Transcriptional regulation of APH-1A and in-

creased ɔ-secretase cleavage of APP.  

 [20] 
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MATERIAL AND METHODS 

 

1.1. Animal  

1.1 .1. 4ÒÁÎÓÇÅÎÉÃ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ ÍÏÄÅÌ 4Çςυχφ mice 

In this study, heterozygous Tg2576 mice were used, which express a human amyloid-

ɼ ÐÒÅÃÕÒÓÏÒ ÐÒÏÔÅÉÎ ɉ!00Ɋ ÖÁÒÉÁÎÔ ÌÉÎËÅÄ ÔÏ !ÌÚÈÅÉÍÅÒȭ ÄÉÓÅÁÓÅȟ as developed and de-

scribed previously [21].  Age-matched non-transgenic 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 & DGIST. 

 

1.1.2. 4ÒÁÎÓÇÅÎÉÃ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ ÍÏÄÅÌ 4Çφχωω mice 

Another AD model used in this study was Tg6799 mice, which expresses human 

ÁÍÙÌÏÉÄ ÐÒÅÃÕÒÓÏÒ ÐÒÏÔÅÉÎ ɉ!00Ɋ ×ÉÔÈ ÔÈÒÅÅ ÆÁÍÉÌÉÁÌ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ ÐÏÉÎÔ ÍÕÔÁÔÉÏÎÓ 

and two human presenilin1 mutations thus also known as 5x FAD mice. Both of these mu-

tation types mainly contribute to ÉÎÃÒÅÁÓÅÄ ÐÒÏÄÕÃÔÉÏÎ ÏÆ !ɼτς [22]. Age-matched non-

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

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

University & DGIST. 
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Table2.  Transgenic models used for this study. 

Transgenic Line Strain  Approach Mutation  Plaque for-

mation 

Mice used in 

this study(age) 

Tg2576 (APP sw) cDNA ( 695) Swedish APP  ~12 Month  10 Month 

 

Tg6799 

APPSwFILo 

PSEN1*M146 

L*L286V)6799 

Vas/J 

Pronuclear 

coinjection : 

APP and PS1 

transgenes 

Swedish, Florida 

and London APP 

& human PS1 

 

~  3 Month 

   

 2 Month 

 

 

 

1.2  Olfactory behavioral analysis  

 

Food buried, behavior test was performed to measure the mice smell ability to find a 

buried food pellet using olfactory cues as previously described [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 5~10 min 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 material depth ap-

proximately 5 cm and food pellet was buried 2.5 cm below the surface. Latency or cut-off 

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 grasping the food pellet, pre-

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

5ÓÉÎÇ ρʈÇ ÏÆ ÔÏÔÁÌ 2.! ×ÉÔÈ ÎÕÃÌÅÁÓÅ ÆÒÅÅ ×ÁÔÅÒ ×ÅÒÅ ÄÅÎÁÔÕÒed at~ 65°C for 5min 

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, dNTP, Rnase inhibitor and in the end enzyme reverse tran-

ÓÃÒÉÐÔÁÓÅ ×ÉÔÈ ÆÉÎÁÌ ÖÏÌÕÍÅ ÏÆ ςυʈÌ ÁÌÔÏÇÅÔÈÅÒ ÁÎÄ ÔÈÅÎ ×ÁÓ ÉÎÃÕÂÁÔÅÄ ÁÔ τςЈ# ÆÏÒ ρȢυ ÈÏÕÒÓ 

and 10 min at 70°C in PCR machine (BIORAD, USA). cDNA was stored at -80°C for long 

term storage and for short term usage it was used on icÅ ÁÔ τЈ#Ȣ ρʈ ÏÆ Ã$.! ×ÁÓ ÕÓÅÄ ÆÏÒ 

ÅÁÃÈ ÐÒÉÍÅÒȭÓ 24-PCR. 

Real-time PCR reaction samples were made by using cDNA and primers (Table 3.) via 

QuantiTech® 39"2 'ÒÅÅÎ 0#2 +ÉÔ ɉÃÁÔΠςπτρτρɊ ×ÉÔÈ Á ÆÉÎÁÌ ÖÏÌÕÍÅ ÏÆ ςπʈÌȢ 4ÈÅ ÒÅÁÃÔÉÏÎ 

was run in real-time PCR machine (Rotor 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 

ÃÁÌÃÕÌÁÔÉÏÎ ×ÁÓ ÍÁÄÅ ÔÈÒÏÕÇÈ ÔÈÅ ɝɝ#Ô ÍÅÔÈÏÄ. Cyclophilin A was used for normalization 

and to determine ÔÈÅ ɝ#Ô ÖÁÌÕÅs and further results were relatively quantified as previ-

ously [27] using software (Rotor Gene Q series software). Significant was measured 

ÔÈÒÏÕÇÈ ÓÔÕÄÅÎÔȭÓ Ô-test. 
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Table 3. Primers and sequence. 

Gene  Accession #       Reverse primer sequence       Forward primer sequence 

Cyclophilin 

A 
NM_008907 GTCTCCTTCGAGCTG TTTGC  GATGCCAGGACCTGT ATGCT  

Bace1 NM_001145947.1 TCG CTG TCT CAC AGT CATCC  AAC AAA CGG ACC TTC CACTG  

Bace2 NM_019517.4  GAACTCCAGCAGCCTTGAAC  GGCAGTTTGGCATAACCAGT  

Presenilin1 NM_008943.2 CTCGCCATTTTCAAG AAA GC  GGG CTT GCTCTC TGT TTT TG  

Presenilin2 NM_001128605.1 GGAGGATGGAGA GAG CACTG  CCACCACGATCATAC ACA GC  

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%saline. Sam-

ples were obtained and immediately stored at -20°C. For western analysis samples were 

homogenized in RIPA buffer (ThermoScientifc, USA) and 1% of protease/phosphatase in-

hibitor cocktail (Halt TM, 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 Kit cat# 23115 (Pierce, ThermoScientifc, 

53!ɊȢ 3ÕÂÓÅÑÕÅÎÔÌÙȟ ÅÑÕÁÌ ÁÍÏÕÎÔÓ ÏÆ ÐÒÏÔÅÉÎÓ ɉρππ ʈÇɊ ×ÅÒÅ ÓÅÐÁÒÁÔÅÄ ÔÈÒÏÕÇÈ ÇÒÁÄÉÅÎÔ 

SDS-PAGE gels of 4-15% or 4-20%. Proteins were transferred to PVDF membranes (Milli-

pore) and membranes were blocked by using 5% skim milk made in TBST (Tris-Buffered 

Saline Tween® 20) for 1 hour at room temperature. Primary antibodies, including 6E10 

(Covance, SIG-39320, Princeton, NJ, USA), APP C-terminal (Millipore,  AB5352, Billerica, 
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MA, USA) and others (shown in Table.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 were developed with an ECL detection 

system (Super Signal®, ThermoScientifc, USA). Primary blots were re-probed with pri-

mary antibody GAPDH (Millipore, MAB374, Billerica, MA, USA) with dilution (1:1000). 

And the results were scanned and analyzed using an image J program. 

 

Table 4. Antibodies used for this study. 

Cat # Antibody        Dilution                   Supplier 

SIG-39320 Aɓ (6E10) 1:1000 Covance, Princeton, NJ, USA 

SIG-39200 Aɓ (4G8) 1:1000 Covance, Princeton, NJ, USA 

AB5352 APP-CT 1:1000 Millipore,  Billerica, MA, USA 

MAB374 GAPDH 1:1000 Millipore, Billerica, MA, USA 
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Chapter 1:  Olfactory dysfunction behavior  
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"ÅÈÁÖÉÏÒ ÓÔÕÄÙ ÏÆ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ mice models was essential for following rea-

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 behavioral changes 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 but could also ensure the critical time window that 

might have therapeutic and diagnostic importance. 

2) As previous study shows cognitive impairment occur in both Tg2576 mice in which 

ÄÉÓÅÁÓÅ ÐÒÏÇÒÅÓÓÅÓ ÓÌÏ×ÌÙ ÁÓ ÃÏÍÐÁÒÅÄ ÔÏ 4Çφχωω ×ÈÉÃÈ ÓÈÏ×Ó ÆÁÓÔÅÒ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ 

progression (see more detail in table 5). In Tg2576 mice previous study also shows [28]  

that amyloid-ɼ ɉ!ɼɊ start appearing at age of 6 month and increases exponentially at age 

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

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

even before cognitive decline, although exact relation between !ɼ ÁÎÄ ÏÌÆÁÃÔÏÒÙ ÄÙÓÆÕÎÃȤ

tion is not well understood. Therefore, it was important to observe any olfactory related 

abnormal behavioral changes that might provide relationship of !ɼ ×ÉÔÈ ÏÌÆÁÃÔÏÒÙ ÄÙÓȤ

ÆÕÎÃÔÉÏÎȢ "ÅÓÉÄÅÓȟ ÉÔ ÍÉÇÈÔ ÁÌÓÏ ÂÅ ÆÒÕÉÔÆÕÌ ÕÎÄÅÒÓÔÁÎÄ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ ÏÆ !ɼ ×ÉÔÈ ÔÈÅ ÐÒÏȤ

gression of disease by examining the behavioral changes at specific time point. In this 

study has focused the efÆÅÃÔ ÏÆ !ɼ ÏÎ ÓÍÅÌÌ ÁÂÉÌÉÔÙȢ 
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Table 5. Transgenic Mice and Major events and differences in AD mice models used for this 

study.  

 

 

 

Therefore, to investigate smell ability in relation  !ɼ, it was important to observe 

smell ability (behavioral change) at stage where !ɼ ÅØÐÏÎÅÎÔÉÁÌÌÙ ÉÎÃÒÅÁÓÅÓ ÓÏ ÔÈÁÔ ÐÒÏÍȤ

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-

ÌÁÔÅÄ ÔÏ ÏÌÆÁÃÔÏÒÙ ÄÙÓÆÕÎÃÔÉÏÎ ÉÎ ÒÅÌÁÔÉÏÎ !ɼȢ Based on this, first, it was investigated the 

smell ability of Tg2576 mice at age of 10month (!ɼ ÅØÐÏÎÅÎÔÉÁÌÌÙ ÉÎÃÒÅÁÓÅÓ ÁÔ ÔÈÉÓ ÓÔÁge 

in these mice [21]. 

 Major events 

 

 

        Tg2576 mice        Tg6799(5X FAD) mice References 

Plaque for-

mation  

Advanced age, slower, 

initiates plaque for-

mation at Ḑ12 months 

Early age ,faster , initiates 

plaque formation at Ḑ3 months 

[22] 

Neuronal loss Cell death is minimal   Exhibit neuron loss; , large py-

ramidal neurons in cortical 

layer 5 and the subiculum are 

lost, activation of  gliosis   

[30] 

Aɓ-induction Late Aɓ-induced events early Aɓ-induced events [31]  

[32] 

BACE1 level 

elevation  

BACE1 levels became 

elevated in parallel 

with amyloid burden , 

starting late 

BACE1 levels became ele-

vated in parallel with amyloid 

burden , starting early  

[33] 
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 It was observed that at this stage mice showed abnormal olfactory behavior as 

compared to age-matched wild type mice. The average increased in latency time was 

found 165.75% as compared to age-matched wild type mice as shown below in figure (2).   

 

 

 

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  n=9 for Tg2576 mice) 

&ÕÒÔÈÅÒȟ ÔÏ ÖÅÒÉÆÙȟ ×ÈÅÔÈÅÒ !ɼ ×ÁÓ ÉÎÖÏÌÖÅÄ ÉÎ ÏÌÆÁÃÔÏÒÙ ÄÙÓÆÕÎÃÔÉÏÎ ÁÎÄ ÅØÐÏÎÅÎȤ

ÔÉÁÌÌÙ ÉÎÃÒÅÁÓÅ ÉÎ !ɼ ÍÉÇÈÔ ÈÁÖÅ ÖÉÇÏÒÏÕÓ ÅÆÆÅÃÔÓ ÏÎ ÏÌÆÁÃÔÏÒÙ ÓÙÓÔÅÍ ÏÒ ÎÏÔȟ ÄÕÅ ÔÏ ÓÅÖÅÒÁÌ 

reasons Tg6799 mice model was used. Tg6799 mice show intense AD pathology started 

ÑÕÉÔÅ ÅÁÒÌÉÅÒ ÁÓ ÃÏÍÐÁÒÅÄ ÔÏ 4Çςυχφ ÍÉÃÅȢ !ÌÓÏ !ɼ ÇÅÎÅÒÁÔÅÄ ÉÎ 4Çφχωω ÍÉÃÅ ÃÏÎÔÁÉÎ ÈÉÇÈ 

!ɼτςȾτπ ÒÁÔÉÏ ÉÎ ÔÈÉÓ !$ ÍÏÄÅÌ ÔÈÁÔ ÉÓ ÑÕÉÔÅ ÔÏØÉÃ ÁÓ ÃÏÍÐÁÒÅÄ ÔÏ ÒÁÔÉÏ ÏÆ ÈÉÇÈ !ɼτπȾτς 

produced in Tg2576 mice. Besides this, !ɼ ÅØÐÏÎÅÎÔÉÁÌÌÙ ÉÎÃÒÅÁÓÅÄ ÁÔ ÅÁÒÌÙ ÁÇÅ ÏÆ ςÍonth 
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before plaque formation  that reduces the aging factor involvement in smell ability in this 

study by using Tg6799 mice at 2month of age [22]. 

Tg6799 mice at age of 2month show increased latency time or in other words took 

more time to find food as compared to age-matched wild type mice. From which it was 

ÃÏÎÓÉÄÅÒÅÄ ÔÈÁÔ ×ÉÔÈ !ɼ ÅØÐÏÎÅÎÔÉÁÌÌÙ ÉÎÃÒÅÁÓÅȟ ÂÅÈÁÖÉÏÒÁÌ abnormality was also in-

creased as shown in figure (3) . Although difference was not found significant but still was 

ÉÍÐÏÒÔÁÎÔ ÔÏ ÍÁËÅ ÔÒÅÎÄ ÁÓÓÅÓÓÍÅÎÔÓ ÁÎÄ ÔÏ ÃÏÎÓÉÄÅÒ ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ !ɼ ÁÎÄ ÓÍÅÌÌȤ

ing ability. It was observed that Tg6799 mice at age 2month mice showed 225.93% in-

ÃÒÅÁÓÅ ÉÎ ÌÁÔÅÎÃÙ ÔÉÍÅ ÃÏÍÐÁÒÅÄ ÔÏ ×ÉÌÄ ÔÙÐÅȢ 4ÈÉÓ ÏÂÓÅÒÖÁÔÉÏÎ ÉÎÄÉÃÁÔÅ !ɼ ÍÉÇÈÔ ÐÌÁÙ ËÅÙ 

role in smelling ability and might have potential for olfactory dysfunction. 

 

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 Tg mice) 

More precisly, observation was also made to find any apearantly abnormilty or 

injury other then !ɼ ÒÅÌÁÔÅÄ ÏÌÆÁÃÔÏÒÙ ÄÙÓÆÕÎÃÔÉÏÎȢ Except two mice ( WT and  Tg6799 ) 
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showed high latency time in there  representive groups (figure 2) but still appreantly no 

other abnormailty/injury  was found in these mice  . These two mice might had potentially 

weak immunosystem against  !ɼ  toxcity which had disrupt their smell ability more as 

compared to rest of group members. 

Overall latency time differences can be seen below (shown in table 6 ) according to   

difference in age and type of mice used for these experiments. 

Table.6   Overall latency time differences of WT and TG mice; it  can be seen in table below 

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

 

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 was found increased rather decreasing 

with time, probably due to poor healing process of wound. That indicates mice might have 

either diabetes mellitus that could effect this test [34] as wound was not healing with time 

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

ÉÎÔÅÒÅÓÔ ÉÎ ÆÏÏÄ ÃÏÕÌÄ ÂÅ ÒÅÌÁÔÅÄ ÔÏ ÔÈÁÔȭÓ ÉÎÆÅÃÔÉÏÎ ÏÒ ÁÎÙ ÏÔÈÅÒ ÉÎÔÅÒÎÁl disease. Beside 

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

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 
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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 hidden food in cage. Recent study also 

shows olfactory acuity alteration can occur in obese mice [35]. Lastly, one mice was sniff-

ing in the air more than the floor of cage where food was hidden, trying to keep moving 

out of the cage. Possibly mice was not interested in finding 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 extra adaptation 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 progression in ÏÆ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ 

but also in olfactory dysfunction. Out of them, one leading factor is aging [36]. To figure it 

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 2month wild type mice that 

also quite significant. In comparison of only wild type mice, it was examined that aging 

decreased the smell ability (as previously also described by [37], differences on the basis 

of aging was shown in figure (4) below.  
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Figure 4. Perfomance of wild type mice in relation to age ( 2 month & 10 month) 

/ÖÅÒÁÌÌȟ ÒÅÓÕÌÔÓ ÉÎÄÉÃÁÔÅÓ ÏÌÆÁÃÔÏÒÙ ÄÙÓÆÕÎÃÔÉÏÎ ÏÃÃÕÒÓ ×ÉÔÈ !ɼ exponential incre-

ÍÅÎÔȢ "Ù ÕÓÉÎÇ ςÍÏÎÔÈ 4Çφχωω ÍÉÃÅȟ ÒÅÓÕÌÔÓ ÁÌÓÏ ÉÎÄÉÃÁÔÅ ÔÈÁÔ ÅÖÅÎ ÁÔ ÅÁÒÌÙ ÁÇÅ !ɼ ÍÁÙ 

ÄÉÓÒÕÐÔ ÓÍÅÌÌ ÁÂÉÌÉÔÙ ÍÏÒÅ ÍÁÙ ÂÅ ÂÅÃÁÕÓÅ ÏÆ ÈÉÇÈ !ɼτς Ⱦ !ɼτπ ×ÈÉÃÈ ÉÓ ÍÏÒÅ ÔÏØÉÃ than 

!ɼτπȾ !ɼτς ÐÒÏÄÕÃÅÄ ÉÎ 4ÇςυχφÍÉÃÅȢ (Ï×ÅÖÅÒȟ ÓÔÉÌÌ ÁÇÉÎÇ ÉÓ ÁÌÓÏ ÏÎÅ ÏÆ ÔÈÅ ËÅÙ ÆÁÃÔÏÒ ÔÏ 

ÃÏÎÔÒÉÂÕÔÅ ÓÍÅÌÌ ÄÉÓÁÂÉÌÉÔÙ ÁÌÏÎÇ ×ÉÔÈ !ɼȢ 
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Chapter 2:  Secretases in olfactory (peripheral) and central nervous 

system 
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Recent research ÒÅÖÅÁÌÅÄ ÔÈÁÔ "ÁÃÅρ ɉɼ-sit amyloid precursor protein cleavage en-

ÚÙÍÅρɊ ÉÎÉÔÉÁÔÅÓ !ɼ ÆÏÒÍÁÔÉÏÎ ÁÎÄ ÍÁÙ ÁÌÓÏ ÈÁÖÅ ÖÉÔÁÌ ÒÏÌÅ ÉÎ ÅÁÒÌÙ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ 

pathology [38] [39]. It was also found that Bace1 elevated in postmortem of AD brain [40], 

suggesting with Bace1 increase ÉÎÖÏÌÖÅÄ ÉÎ !ɼ ÅÌÅÖÁÔÉÏÎ ÁÎÄ ÕÌÔÉÍately AD [41]. Therefore, 

secretases along with Bace1 play key role in AD and their expression along with AD de-

cides the severity of AD [42]. 

To investigate key secretases involved in AD, cortex was used along with olfactory 

bulb(OB) as a part of CNS , also in both AD models used in this study  ( Tg2576 mice , 

Tg6799 mice) had !ɼ pathology in cortex, especially layer 5 in case of Tg6799 mice. Be-

sides this, cortex is well known representative of CNS[43]. Moreover, OB is also one of the 

CNS region behind nose and involved in smell information processing to other regions of 

ÔÈÅ ÂÒÁÉÎȢ /" ÉÓ ÅÆÆÅÃÔÅÄ ÂÙ !ɼ ÁÎÄ ÉÔÓ ÁÃÃÕÍÕÌÁÔÉÏÎ ÐÒÉÏÒ ÔÏ ÏÔÈÅÒ ÂÒÁÉÎ regions along with 

abnormal nervous hyperactivity [44]. On the other hand OE is PNS area and if !ɼ ÁÃÃÕÍÕȤ

lation is associated with smell dysfunction in OB, suggesting eveÎ !ɼ ÓÍÁÌÌ ÑÕÁÎÔÉÔÙ ÂÅÆÏÒÅ 

plaque formation could be crucial to produce changes in OE. It might also be helpful to 

ÄÅÔÅÃÔ ÅÁÒÌÙ ÂÉÏÍÁÒËÅÒÓ ÆÏÒ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅȢ 

Therefore, to investigate the relationship of secretases 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, Bace1was analyzed, being a key secretase for AD. mRNA level was exam-

ined  in normal young C57BL/6 mice age of ~2 weeks and analyzed. Based on this analysis 

Bace1 mRNA expression and its relation in CNS and PNS can be understood.  
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Figure 5. Bace1 mRNA expression in C57BL/6 normal mice age of ~ 2 weeks  

It was observed that Bace1 mRNA expression was not significant between OB and 

OE being parts of CNS and PNS respectively comapred to OE as a control. Intrestingly, it 

was observed that Bace1 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 Bace1 level compared 

to CNS and may be critical for early AD pathology in PNS. It was also revealed that in 

normal mice little difference in secretase mRNA expression in PNS, later might make PNS 

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

Although, Bace1 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. 

As Aɼ ÆÏÒÍÁÔÉÏÎ ÔÈÒÏÕÇÈ !00 ÐÒÏÃÅÓÓÉÎÇ ÉÓ ÎÏÔ ÓÏÌÉÔÁÒÙ ÐÅÒÆÏÒÍÅÄ ÂÙ "ÁÃÅρȟ ÒÁÔÈÅÒ 

ÏÔÈÅÒ ÓÅÃÒÅÔÁÓÅ ÃÁÌÌÅÄ ɾ-secretase also participate in this processing. After initial cleavage 
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ÏÆ "ÁÃÅρȟ ɾ-secretase has role in making final cleavage for Aɼ ÆÏÒÍÁÔÉÏÎ. Unfortunately, 

while considering APP processing and Aɼ ÆÏÒÍÁÔÉÏÎȟ ɾ-secretase is ignored due to its 

involvement in both amyloidogenic and non-amyloidogenic processing, producing APP 

fragments along with toxic Aɼ ÁÎÄ !00 ÆÒÁÇÍÅÎÔÓ ×ÉÔÈÏÕÔ Aɼ ÒÅÓÐÅÃÔÉÖÅÌÙ Moreover, as 

ɾ-secretase also cleavages C-terminal of notch membrane fragments in similar way to APP 

processing [45]. However, through it has diversity in function but it key role in APP pro-

ÃÅÓÓÉÎÇ ÃÁÎÎÏÔ ÂÅ ÉÇÎÏÒÅÄȟ ÁÓ ÒÅÃÅÎÔ ÒÅÓÅÁÒÃÈ ÒÅÖÅÁÌÓ ÔÈÁÔ ɾ-secretase generated amyloid 

peptide from range of 38 to 43 amino acid [46], based on their length folding of peptides, 

toxicity is depending. Even though, understanding of mecÈÁÎÉÓÍ ÏÆ ɾ-secretase catalytic 

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

AD is notable. 

4Ï ÉÎÖÅÓÔÉÇÁÔÅ ɾ-secretase mRNA expression in PNS compared to CNS, real time 

PCR data shown in figure (6) . As alreadÙ ÍÅÎÔÉÏÎÅÄ ÁÂÏÕÔ ɾ-secretase subunits (catalytic 

and regulatory) and their role in neurodegenerative diseases, especially AD. Accordingly, 

ÉÔȭÓ ÉÍÐÏÒÔÁÎÔ ÔÏ ÉÎÖÅÓÔÉÇÁÔÅ ÔÈÅÉÒ ÅØÐÒÅÓÓÉÏÎ ÉÎ ÎÏÒÍÁÌ ÙÏÕÎÇ #υχ",Ⱦφ ÍÉÃÅ ÁÇÅ ÏÆ ͯς 

weeks. Very interestingly, it ÉÓ ÆÏÕÎÄ ÔÈÁÔ ÂÏÔÈ ÃÁÔÁÌÙÔÉÃ ÓÕÂÕÎÉÔÓ ÏÆ ɾ-secretase (prese-

nilin1 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 compared to CNS. Further, examining the results for regulatory subunits, 

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

ÐÒÏÍÏÔÅÓ ÎÏÔ ÏÎÌÙ ɾ-secretase maturation but also regulator of a degrading an enzyme 
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which involves in degrading of Aɼ ÆÒÁÇÍÅÎÔÓȟ ÔÈÕÓ ÉÎÄÉÃÁÔÉÎÇ ÔÈÁÔ ÉÎ 0.3 ÉÔ ÈÁÓ ÅÆÆÅÃÔÉÖÅ ÉÎ 

ÍÁÔÕÒÁÔÉÏÎ ɾ-secretase and degradation Aɼ ÆÒÁÇÍÅÎÔÓ ÃÏÍÐÁÒÅÄ ÔÏ #.3Ȣ 

However, APH-1 increased mRNA expression level in OE while in OB decreased 

significantly as compared to cortex. APH-ρȟ ÂÅÉÎÇ ÒÅÇÕÌÁÔÏÒ ÏÆ ɾ-secretase maturation and 

ÅÓÓÅÎÔÉÁÌ ÆÏÒ ÁÓÓÅÍÂÌÙ ÏÆ ɾ-secretase, it reveals that APH-1 has more vital role in assembly 

ÁÎÄ ÍÁÔÕÒÁÔÉÏÎ ÏÆ ɾ-secretase in PNS compared to CNS.  

Meanwhile, it was examined that PEN2 expression was significantly increased in 

0.3 ÁÓ ÃÏÍÐÁÒÅÄ ÔÏ #.3Ȣ 0%.ς ÉÓ ÒÅÑÕÉÒÅÄ ÆÏÒ ÁÃÔÉÖÅ ɾ-secretase [20]ȟ ÓÕÇÇÅÓÔÓ ɾ-secretase 

has more active role in PNS compared to CNS. These results indicate in PNS of normal mice 

×ÅÌÌ ÁÓÓÅÍÂÌÅÄ ÁÎÄ ÍÁÔÕÒÅ ɾ-secretase with active and more effective role compared to 

CNS. Later with age ÁÎÄ !$ ÐÒÏÇÒÅÓÓÉÏÎ ×ÅÌÌ ÁÓÓÅÍÂÌÅÄ ÁÎÄ ÍÁÔÕÒÅ ÆÏÒÍ ÏÆ ɾ-secretase 

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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These results suggest OE as a part of PNS has distinct mRNA expression pattern of 

secretases as compared to OB which is part of CNS in relation to cortex.  

However, APP protein is also processed by Bace2 protease, close homog of Bace1, that can 

participate in APP processing by making cleavage on three known sites of Aɼ ÓÅÑÕÅÎÃÅ 

including Phe19-Phe20, Phe20-Ala21, and Leu34-Met35[47]. Bace2, impairment might in-

crease AD risk but contrary to Bace1action. Bace2 cleavage APP at different position com-

pared to Bace1 and has ability to cut at Aɼ ÓÅÑÕÅÎÃÅÓ ÕÌÔÉÍÁÔÅÌÙ ÌÅÁÄÓ ÔÏ Aɼ ÄÅÓÔÒÕÃÔÉÏÎ 

or degradation. This unique ability made it distinct from its homolog Bace1and make it 

worthwhile in ameliorating AD. Bace2 might change the end product by its cleavages, 

therefore its normal function and expression is important in enhancing the degradation 

of toxic peptide like AɼȢ  

 

 

Figure 7. Bace2 mRNA expression in C57BL/6 normal mice age of ~ 2 weeks  
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To investigate Bace2 mRNA expression in normal young C57BL/6 mice age of ~2 

weeks, based on OE as a control, PNS and CNS were compared. In OB, Bace2 expression is 

found significantly increased when compared with  cortex. On the other hand, in OE, Bace2 

expression also increased significantly but less significant than OB as shown in figure (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 

product Aɼ ÍÉÇÈÔ ÂÅ ÄÅÇÒÁÄÅÄ ÆÁÓÔÅÒ ÁÓ ÃÏÍÐÁÒÅÄ ÔÏ ÃÏÒÔÅØ ÉÎ ÔÈÅÓÅ ÒÅÇÉÏÎÓȢ  

 

AdditionaÌÌÙȟ ÂÏÔÈ ÓÅÃÒÅÔÁÓÅÓ ɉ"ÁÃÅρÁÎÄ ɾ-secretase) involved in AD pathology 

showed not much differences in pattern of mRNA while comparing between OB and cortex 

because they both were part of CNS. On the other hand OE being part of PNS showed clear 

difference as compared to OB and cortex. Based on this reason, 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. 

 

Bace1,changes in AD postmortum as mentioned previously and reported in many 

studies [40].  Although, Bace1 plays key role in generating Aɼ but still its physiological 

functions are  not well understood.Recent research shows, its possible physiological roles 

including synapses regulation and cAMP/PKA/CREB pathway.  Bace1 is known as rate 

limiting enzyme in Aɼ ÐÒÏÄÕÃÔÉÏÎ ÁÎÄ contribution toward pathogenesis of AD pathalogy. 

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

cAMP/PKA/CREB pathway independent of Aɼ ÆÏÒÍÁÔÉÏÎ ÏÒ ÉÔÓ ÁÃÔÉÖÉÔÙ [48]. Consequently, 
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ÉÔȭÓ ÉÎÔÅÒÅÓÔÉÎÇ ÔÏ ÁÎÁÌÙÚÅ ÉÔÓ ÅØÐÒÅÓÓÉÏÎ ÅÓÐÅÃÉÁÌÌÙ ÂÅÆÏÒÅ Aɼ plaque formation and to re-

veal its role accordingly during mild or onset of AD. To figure out its expression studies 

made on both 1) Tg2576mice-well characterized transgenic mice that expresses APP Swe-

dish mutation. 2) Tg6799 mice-recently developed mice that expresses five familial muta-

tions including APP mutations (known as Swedish, Florida and London) and Presenilin1 

mutation (M146L and L286V) as mentioned in table 2. 

In addition, Tg2576 mice develop Aɼ ÐÌÁÑÕÅ ÁÆÔÅÒ ͯρπ ÍÏÎÔÈÓ [28] while 

Tg6799mice shows Aɼ ÐÌÁÑÕÅ ÁÎÄ ÅÌÅÖÁÔÉÏÎ ÏÆ Aɼτς ÆÏÒÍ ÁÆÔÅÒ ÁÇÅ ÏÆ ͯςÍÏÎÔÈÓ [22]. 

(Ï×ÅÖÅÒȟ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ ÐÁÔÈÏÌÏÇÙ ÃÁÎ ÁÒÉÓÅ ÄÕÅ ÔÏ ÍÕÔÁÔÉÏÎ ÉÎ !00 ÏÒ 0ÒÅÓÅÎÉÌÉÎ ÏÒ 

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 mutations together. Also 

Tg6799 mice show Aɼτς ÔÏØÉÃ ÆÏÒÍ ÔÈÁÔ ÃÁÕÓÅÓ neuronal death which is was missing in 

tg2576 mice and while Aɼ ÐÌÁÑÕÅ ÃÁÎ ÁÎÁÌÙÚÅÄ at early age of ~3month to minimizing 

aging factor. Therefore, at stage of before Aɼ ÐÌÁÑÕÅ ÆÏÒÍÁÔÉÏÎ ÉÎ ÂÏÔÈ 4Çς576 and Tg6799 

mice secretase expression can give proper direction whether mice are going towards Aɼ 

plaque formation phenomena or some other way.  

To figure out secretase expression and to reveal the pathology at critical stage be-

fore Aɼ ÐÌÁÑÕÅ ÆÏÒÍÁÔÉÏÎ in different transgenic 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 before Aɼ ÐÌÁÑÕÅ ÆÏÒÍÁÔÉÏÎȢ "ÁÃÅρ ËÎÏ×Î ÁÓ ÒÁÔÅ limiting enzyme, analyzed 

initially. It  was observed that Bace1 mRNA expression was significantly increased in 
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Tg2576 mice OE as compared to age-matched wild type mice OE. In case of OB, Bace1 

mRNA expression was found significantly increased in Tg2576 mice as compared age-

matched to wild type mice as shown in figure (8) . Interestingly, these results indicate PNS 

had more increasing mRNA expression of Bace1 as compared to their control  in Tg2576 

mice. These results suggest OE could be more effected by during AD 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.  

 

Figure 8. Bace1 mRNA expression in Tg2576 mice at age of ~ 10month as compared to age-

matched wild type both in pereipheral nerous system ( OE ) and central nervous system ( OB ).  
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Figure 9. Bace1 Protein expression in Tg2576 mice at age of ~ 10month as compared to age-

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

and quantification. 

While protein expression of Bace1 secretase was found decreased in Tg OE 

compared to WT in contrast to CNS where Bace1 protein expression was found increased 

in Tg OB compared to WT OB at age of 10 month. As Bace1 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 apoptosis with overexpression of hAPP as shown by 

previous study [49] together with 10 month age contribute even more to this. While in OB 

more synapses and mature neurons are involed. Second reason could be Bace1 axonal 

transportation after formation in nucleus although Bace1 axonal transportation is not well 

understood yet. 
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Figure 10. Bace1 mRNA expression in Tg6799 mice at age of ~ 2month 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 Bace1 expression was significantly high 

compared to age-matched wild type mice. And Bcae1expression was found significantly 

lowered in OB of Tg6799 mice as compared to wild type mice as shown in figure (10) . 

However, interestingly mRNA expression pattern of Bace1 was found in similar to Tg2576 

mice (~ 10month), Bace1 increased in PNS and decreased in CNS. 
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Figure 11. Bace1 Protein expression in Tg6799 mice at age of ~ 2month as compared to age-

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

and quantification.  

On other hand Bace1 protein expression was increased in Tg OE compared to WT OE, as 

previous study sugested Bace1 level become high at early age ( as in this case of 2 month) 

due to !ɼτς ÆÏÒÍÁÔÉÏÎ ÉÎ ÔÈÅÓÅ ÍÉÃÅ ÔÈÁÔ ÐÒÏÍÏÔÅÓ "ÁÃÅρ ÅÌÅÖÁÔÉÏÎ[50]. While in OB it 

was found more due to involving in synapes formation and decreased in Tg OB due to 

lossing of synapases and plasicity due to more toxic form of !ɼ ÔÈÁÔ ×ÁÓ 

!ɼτςÉÎÏÖÌÖÅÄ[51]. 
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Figure 12. Presenilin1 mRNA expression in Tg2576 mice at age of ~ 10month as compared 

to age-matched wild type both in pereipheral nerous system ( OE ) and central nervous 

system ( OB ).  

Secondly, ɾ-secretase was analyzed. ɾ-secretase catalytic subunits(presenilin1and 

presenilin2) were studied for comparison mainly. It was examined that presenlin1 expres-

sion increased 9.43% in OE of Tg2576 mice as compared age-matched wild type. Likewise, 

presenilin1 expression is increased 14% in OB of Tg2576 mice as compared to age-

matched wild type mice as shown in figure (12) . These results indicate presenline1 

mRNA expression pattern showed similarity in PNS and CNS but in increasing trend in 

both systems. 
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Figure 13. Presenilin1 Protein expression in Tg2576 mice at age of ~ 10month as compared 

to age-matched wild type both in pereipheral nerous system ( OE ) and central nervous 

system ( OB ). 

Interstingly when protein expression of presenilin1 was analyzed, it was found 

that presenilin1 mainly involved in CNS compared to PNS. As full length presenilin1 or 

CTF were mainly found in OB. Quantified data indicate that compared to WT OE 

presenilin1 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. Presenilin1 mRNA expression in Tg6799 mice at age of ~ 2month as compared to age-

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

Under similar scenario, it was also investigated presenilin1 in ~2month age 

Tg6799 mice. It was analyzed that presenilin1 mRNA expression was increased in Tg6799 

mice as compared to age-matched wild type mice. However presenilin1 mRNA expression 

in OB was found significantly decreased as shown in figure (14) .  
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Figure 15. Presenilin1 Protein expression in Tg6799 mice at age of ~ 2month as compared 

to age-matched wild type both in pereipheral nerous system ( OE ) and central nervous 

system ( OB ). 

Similar pattern was also found in Tg6799 mice that shows Presenlin1 mainly 

involved in CNS compared to PNS as full length and CTF of presenilin1 were mainly 

found in OB. These results indicate presenilin1 expression increased in PNS and CNS of 

Tg2576 mice ~10 month and Tg6799 mice 2 month age but overall quantification data 

show CNS expressed more presenilin1 also the C-terminal fragment expression in also 

found mainly in CNS has key role in activity of presenilin1 secretase [52]. 

 

 

 

Figure 16. Presenilin2 mRNA expression in Tg2576 mice at age of ~ 10month as compared 

to age-matched wild type both in pereipheral nerous system ( OE ) and central nervous 

system ( OB ).  
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&ÕÒÔÈÅÒÍÏÒÅȟ ÁÎÏÔÈÅÒ ÃÁÔÁÌÙÔÉÃ ÓÕÂÕÎÉÔ ɉÐÒÅÓÅÎÉÌÉÎςɊ ÏÆ ɾ-secretase was analyzed. 

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 age-matched mice wild type as shown 

in figure (16) Ȣ 4ÈÅÓÅ ÒÅÓÕÌÔÓ ÉÎÄÉÃÁÔÅ ÉÎ ÁÂÓÅÎÃÅ ÏÆ ÁÎÙ ÍÕÔÁÔÉÏÎ ÉÎ ɾ-secretase subunit 

and with only one APP mutation (Swedish mutation) presenilin2 mRNA both in PNS and 

CNS increases significantly but higher in OE as can be seen through ratio compared to WT. 

 

 

                        

Figure 17. Presenilin2 Protein  expression in Tg2576 mice at age of ~ 10month as compared 

to age-matched wild type both in pereipheral nerous system ( OE ) and central nervous 

system ( OB ).  

Interestingly, as above results shown that presenilin1 was mainly found in CNS but 

presenilin2 was only found in OE. Additionally it was found that protein expression was 

increased in Tg OE compared to age-matched WT OE. While in OB no full length band was 

found. Similar pattern was found for C-terminal 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 Tg6799 mice at age of ~ 2month as compared to 

age-matched wild type both in pereipheral 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 age-matched wild type mice. And presenilin2 mRNA expression was 

found significantly reduced in OB of Tg6799 mice as compared to age-matched wild type 
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mice as shown in figure (18) Ȣ 4ÈÅÓÅ ÒÅÓÕÌÔÓ ÉÎÄÉÃÁÔÅ ÉÎ ÐÒÅÓÅÎÃÅ ÏÆ ÍÕÔÁÔÉÏÎ ÉÎ ɾ-secre-

tase (mainly presenilin1 in these mice) subunit and with three APP mutation presenilin2 

mRNA expression still can be found significantly increased in PNS as compared to CNS.  

 

  

Figure 19. Presenilin2 Protein  expression in Tg6799 mice at age of ~ 2month as compared 

to age-matched wild type both 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 presenline2 band was not found. Still it can be seen presenilin2 

C-terminal 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 presinlin1 may dominate functionally also and may have 

supressing or alternatively role for ɾ-secretase [53]. 
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Figure 20. Bace2 mRNA expression in Tg2576 mice at age of ~ 10month as compared to age-

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

!ÄÄÉÔÉÏÎÁÌÙȟ ÄÅÇÒÁÄÉÎÇ ÅÎÚÙÍÅ "ÁÃÅς ÔÈÁÔ ÃÁÎ ÃÌÅÁÖÁÇÅ !00 ÅÓÐÁÃÉÌÌÙ ÁÔ ÓÉÔÅÓ ÏÆ !ɼ 

ÁÎÄ ÃÁÕÓÅÓ ÄÅÓÔÒÕÃÔÉÏÎ ÏÆ !ɼ ȟ ÁÎÁÌÙÚÅÄ ÉÎ Tg2576 mice at ~ age of 10month. It was found 

that both in OE and OB of Tg2576 mice showed bit reduced mRNA expression of Bace2 as 

compared to age-ÍÁÔÃÈÅÄ ×ÉÌÄ ÔÙÐÅ ÍÉÃÅȢ "ÕÔ ÂÏÔÈ ÄÉÄÎȭÔ ÓÈÏ×ÅÄ ÓÉÇÎÉÆÉÃÁÎÔ ÒÅÄÕÃÔÉÏÎ ÉÎ 

mRNA expression level as compared to control as shown in figure (20) . These results in-

dicate overall Bace1 level remains same in both PNS and CNS. 
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Figure 21. Bace2 mRNA expression in Tg6799 mice at age of ~ 2month as compared to age-

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

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 age-matched 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 in figure (21) . Together, these results suggest Bace2 can be found less in 

PNS as compared to CNS. 

  

Overall, above results and secretases trend indicate that presenilin1 and prese-

nilin2 mRNA can be found increased in PNS (OE) as compared to CNS (OB) although in OB 

presenilin1 possibly have role compared to PNS where presenilin2 expression was found 

high. While Bace2 secretase, which is also known as degrading enzyme that showed only 



 
 

 
 

48 

increasing pattern in OB of Tg6799 mice ~2moth age. It suggested that as in these mice 

and more toxic form of !ɼ ÉÓ ÆÏÒÍÅÄ ËÎÏ×Î ÁÓ !ɼτς ÔÈÁÔ ÍÁÙ ÁÃÔÉÖÁÔÅ "ÁÃÅς ÁÓ ÄÅÇÒÁÄÉÎÇ 

function. While OE is already in contact with outer environment that may have already 

stronger mechanism to deal with toxic substances and may not require Bace2 for this pur-

pose.  
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Chapter 3:  "ÉÏÍÁÒËÅÒÓ ÆÏÒ ÅÁÒÌÙ !ÌÚÈÅÉÍÅÒȭÓ ÄÅÔÅÃÔÉÏÎ ÔÈÒÏÕÇÈ  

olfactory  system 
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)Î !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÎÅ ÏÆ ÔÈÅ ÃÒÉÔÉÃÁÌ ÆÁÃÔÏÒÓ ÉÓ ÇÅÎÅÒÁÔÉÏÎ ÏÆ !ɼ 

through sequential proteolytic processing of APP by ɼ-secretase ÁÎÄ ɾ-secretase en-

zymes[54]. APP is a transmembrane protein with large extracellular and small intracellu-

lar domain. Being transmembrane protein, APP can be processed as non-amyloidogenic 

processing, plays major role in numerous cellular functions including synaptogenesis, 

synaptic plasticity and also neuroprotective functions in nervous system [6]. On the con-

trary, amyloidogenic processing of APP (show in figure 22 ), at initial step ɼ-secretase 

(Bace1) cleaves at N-terminal of large extracellular domain of APP, releasing APPɼ ÅÃÔÏȤ

domain and concurrently membrane-bounded C-terminal fragment (CTF-99) [55]. Subse-

quently, C-ÔÅÒÍÉÎÁÌ ÆÒÁÇÍÅÎÔÓ ÁÒÅ ÐÒÏÃÅÓÓÅÄ ÂÙ ɾ-secretase from range of 38 ~43 amino 

acids, producing potentially toxic fragments [45]. Moreover, Bace2 also can participate in 

APP processing by making cleavage on three known sites of Aɼ ÓÅÑÕÅÎÃÅ ÉÎÃÌÕÄÉÎÇ 0ÈÅρω-

Phe20, Phe20-Ala21, and Leu34-Met35 [47].These secretase are involved in generating 

different potentially toxic fragments along with fragments that have neuroprotective 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: Bace1 and ɾ-secretase involved in pro-

cessing of APP and are responsible for generation of toxic !ɼ. Bace2 may destruct Aɼ ÁÎÄ 

can work as degrading enzyme.  

It was hypothesized that different secretases expression in PNS as compared to 

CNS might involve in generation of APP fragments that could be detected prior to be pro-

duced in CNS. As olfactory dysfunction occur 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 in 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 examine C-terminal fragments produced 

by Bace1, which is the secretase that initiate this processing and catalyzes APP into C-
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terminal fr agments which are subsequently catalyzed by other secretases as already men-

tioned above. 

Thereupon, western blot was performed to examine the C-terminal fragment in 

PNS of a normal young C57 BL/6 mice at age of ~2 weeks as compared to CNS. As shown 

above in figure (22)  C-terminal antibody (see also table for antibodies) detects all C-ter-

minal fragments by detecting amino acid sequence from 643-695 on C-terminal of APP. It 

includes all C-terminals fragments of APP including (CTF-99) and (CTF-83) produced by 

ɼ-secretase aÎÄ ɻ-secretase respectively [56]. -ÏÒÅÏÖÅÒȟ ɾ-secretase also catalyzes APP 

ÎÅÁÒ !ɼ ÓÉÔÅÓ ÆÁÒ Á×ÁÙ ÆÒÏÍ φτσ-695 amino acid sequences of APP, suggest all C-terminal 

and their pattern can be seen. Interestingly, it was found that C-terminal fragments in OE 

showed unique expression pattern as compared to other CNS areas including OB, cortex 

and hippocampus (cerebellum, hypothalamus not shown here)as shown in figure ( 23) . 

Nevertheless, all CNS brain area which were used in this study show similar C-terminal 

fragments pattern among them. This intriguing finding indicate PNS has unique APP pro-

cessing as compared to CNS because the C-terminal fragments product between both sys-

tems can be characterized differently.  

 




































