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Abstract 

Alzheimer's disease (AD) is the most common cause of dementia in 

older adults. With the continuous expansion of the aging population, AD is 

becoming a major health challenge. However, peripheral markers that could 

predict risk of AD are lacking. 

The aim of the present study is to evaluate the gene expression profiling 

of peripheral leukocytes in Chinese subjects with AD and explored its 

potential of clinical application. Behavioral phenotypes of cognitive 

performance and neuropsychiatric assessment were also investigated in 

association with gene expression in AD. Persons with mild cognitive 

impairment (MCI), as an at-risk state between normal aging and clinical 

dementia, was also assessed in consideration that the information may provide 

a better understanding of the mechanisms involved in clinical progression of 

AD. 

The development of AD results from the complex interaction between 

genetic predisposition and environmental factors. Expression profiling 

(transcriptome) allows for reflections of acute/current cellular activities and 

body response in a summative way. Previous studies have reported differential 

gene expression in AD brain. The altered regulation involved in several 

processes includes apoptosis, inflammatory response, mitochondria function, 

and synaptic plasticity. However, it is impossible to obtain brain tissues in a 

clinical setting. Peripheral blood cells seem to be a potential surrogate tissue 



with a reasonable correlation in gene expression with brain. Moreover, recent 

studies in AD and other psychiatric disorders revealed that some of the gene 

expression signature happening in brain could be found by analysis of 

peripheral blood cells. Also, expression profiling of blood has been found 

potentially clinical useful in various immune and neurological diseases, 

therefore we would like to explore the potential of expression profiles as a 

peripheral marker for AD, a disease with neurological and immunological 

interaction. 

In the study, the profile of 12 target gene expression levels in peripheral 

blood cells were determined in 96 AD, 145 MCI and 167 normal controls 

(NC) by quantitative real-time RT-PCR. The genes were identified with (i) 

high expression in blood and brain; (ii) differential expression between AD 

and control; (iii) AD related candidate genes. Then, a list of genes were 

selected including CTSB, CTSD, DDT, ITPKB, NDUFA6, NRDl, PINl, 

SNX2, TSCl, UQCRCl, CNR2, GSTM3. Seven genes were found to be 

differentially expressed between AD and NC group, with upregulation of 

CTSB, CTSD, DDT, TSCl and UQCRCl, and downregulation of ITPKB and 

PINl in AD patients. Expression levels of two genes were increased in the 

MCI compared with NC group, including CTSB and CTSD. In addition, an 

upregulation of CTSD, UQCRCl, NRDl and downregulation of ITPKB were 

observed in AD subjects in comparison to the MCI group (Mann-Whitney U 

test, p<0.05). After adjusting for confounding factors of age, gender, 

education level, ApoE4 status and the total CIRS score, expression level of 

any single gene was not associated with the classfication of AD or MCI 



(Logistic regression, p>0.05). A five gene biomarker panel, including DDT, 

ITPKB, PINl, TSCl and UQCRCl was identified with logistic regression 

analysis. The function of Logit(P)= ln(P/(l -P))= Z7o+Z);RatioDDT+^2RatioiTPKB 

+ ^iRatiopiNi +b4 RatioTsci+^jRatiouqcRCi were defined as the probability of 

a subject to be diagnosed as "AD" or "MCI" by using 5-gene biomarker panel. 

ROC analysis showed that the AUC for the 5-gene biomarkers panel in 

differentiating between AD and NC，between MCI and NC，between AD and 

MCI were 0.79 (95% CI, 0.72-0.86; p<0.001), 0.61 (95% CI, 0.53-0.69; 

p=0.007) and 0.68 (95% CI, 0.60-0.76; p<0.001) respectively. The 5-gene 

combination was found to discriminate AD subjects from normal controls 

with good sensitivity and specificity of 70.7% and 86.7% respectively at an 

optimal cut-off point of 0.486. Low sensitivity (42.4%) and acceptable 

specificity (76.2%) were observed at a cut-off threshold of 0.505 when 

differentiating MCI from NC subjects. Between AD and MCI subjects, gene 

combination showed a sensitivity of 61% and specificity of 73.7% at a cut-off 

value of 0.496. 

Several genes including CTSD，DDT, NDUFA6, TSCl and UQCRCl 

were found in association with the cognitive and psychiatric symptoms, 

indicating the role of genetic factors in moderating the presence of cognitive 

and NP profiles in demented individuals. 

The genes identified in this study were involved in processes implicated 

in neurodegneration, including protein isomerization (PINl), calcium 

disequilibrium and mitochondria insufficiency (ITPKB and UQCRCl), 
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increased inflammatory response (DDT), apoptosis (CTSB and CTSD) and 

neurogeneration (NRDl and TSCl). 

In conclusion, gene expression profiling in blood may have potential to 

be an adjuvant marker for early detection of AD. Expression marker panel is 

more informative than single gene expression signature. Further validation in 

prospective studies will substantiate its clinical application and explore its 

potential to differentiate AD from other dementias and to predict the 

progression from MCI to AD. 
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摘要 

阿爾茨海默氏痴呆症（Alzhdmer，s disease, AD)是老年痴呆中最常見 

的一種。隨着人口結构的老年化，AD已成為主要的保健和社會問題之一。 

本課題旨在研究AD患者外週血基因表達的變化，探討其潛在的臨床價 

值。並探索基因表達與疾病定量表型如AD患者認知和精神行為症狀評分的 

關係。輕度認知功能障礙（Mild cognitive impairment, MCI)作為老年痴呆 

與正常老化之間的中間狀態，也被納入研究，以希望能夠更好地了解AD的 

發病機制。 

環境和遺傳因素在AD的發病過程中起着重要的作用。基因表達譜水平 

是機体對外界環境和内在遺傳因素變化的綜合反映。過往研究發現AD患者 

腦部基因表達失調，主要涉及的生物學功能包括凋亡、炎症反應，錢粒体 

功能紊亂及突觸可朔性等。然而，活体提取腦組织在實際操作中不可行， 

因此選用外周血白細胞作為探針，通過研究其基因表達差異從而間接反應 

中樞神經系統細胞功能的變化可能是一條化繁為簡的思路。首先，外週血 

的基因表達譜與腦組织有高度相關性。其次，研究證實外週血基因表達能 

夠反映AD和其他精神疾病患者的腦基因表達譜變化。此外，外週血基因表 

達譜已經在一些神經及免疫疾病的臨床實踐中加以應用，因此，我們相信 

它也應該適用與AD，因為神經及免疫機制的相互作用是AD發病機制中重 

要的一環。 



本研究采用以下生物信息學方法歸選候選基因：（1)在腦部和外週 

血均為高表達；（2)曾報道在AD有差異性表達；（3)曾報道與AD相關 

的候選基因。12個候選基因被選出，包括CTSB�CTSD�DDT� ITPKB� 

N D U F A 6 � N R D K PINK S N X 2 � T S C 1 � U Q C R C 1 � C N R 2和 GSTM3� 

運用實時癸光定量RT-PCR方法對96例AD患者，145例MCI患者和167例正 

常老年人的外週血白細胞進行基因表達檢測。結果顯示，與正常老年人比 

較，A D患者的C T S B � C T S D � D D T � T S C 1 � U Q C R C 1 表達上調，ITPKB 

和PIN1表達下調。MCI患者的CTSB和CTSD基因表達水平顯著升高。與 

MCI患者比較，AD患者的CTSD，UQCRC1和NRD1水平升高，但ITPKB水 

平下降（Mann-Whitney U test, p<0.05)�控製混淆因素如年齢、性別、教 

育水平、其他軀体疾病評分、ApoE4檇帶狀態後，单个基因表達水平對 

AD或MCI的發病未見顯著作用（Logistic regression, p > 0 . 0 5 ) � 

本研究釆用基與條件參數估計的逐步Logistic回歸后退法箭選得到5 

個對于A D發病具有顯著意義的基因一D D T � I T P K B � P I N K TSCl和 

UQCRClo該5個基因組成一個生物標記組合，以評價其對AD或MCI的診 

斷價值。函數Logit(P)二 ln(P/(l-P))= bo+biRatioDDT+b2RatioiTPKB+ bsRatiopiNi 

+b4RatioTsci+b5RatiouQaia被定義為應用該5-基因組合標記預測每個樣本 

患AD或MCI的概率。ROC分析顯示5-基因組合生物標記用于鉴别AD与 

NC, MCI与NC, AD与MCI之間的曲線下面积分別爲0.79 (95% CI, 

0.72-0.86; pcO.OOl) ,0.61 (95% CI, 0.53-0.69; p=0.007)和 0.68 (95% CI, 

0.60-0.76; p<0.001)�在臨界値爲0.486時，基因組合生物標記鉴别AD与 
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NC的敏感度和特異度分別為70.7%和86.7%�臨界値爲0.505時，基因組合 

生物標記鉴别MCI与NC的敏感度和特異度分別為42.4%和76.2%�臨界値 

爲0.496時，基因組合生物標記鉴别AD与MCI的敏感度和特異度分別為 

61% 和 73.7%� 

結果顯示C T S D � D D T � N D U F A 6 � T S C 1和U Q C R C 1等基因表達水平 

与AD患者認知及精神行為症狀評分相關，提示基因在神經退化過程中出现 

的認知障礙及精神症狀中起一定的作用。 

差異表達基因主要涉及多個生物學過程，包括蛋白異搆（PIN1)，鹤 

失衡及錢粒體功能紊亂（ITPKB和UQCRC1)，炎症反應（DDT)，调亡 

(CTSB和CTSD)及神經再生（NRD1和TSC1)� 

本課題數據說明了外週血基因表達請水平可以作為診斷AD的輔助標 

記物，並且基因標記物組合比單個基因標記更有生物學意義。進一步的前 

瞻性研究將有助與驗證其臨床應用價值，並探討基因表達標記是否有助於 

鉴别不同痴呆類型及預測MCI病人向AD的轉化。 
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Chapter 1 General introduction to Alzheimer's disease 

Alzheimer's disease (AD) is the most common progressive neurodegenerative 

disorder characterized by cognitive, behavioral and functional abnormalities. The 

disease was first described by a German psychiatrist Alois Alzheimer in 1906 and 

was named after him (Berchtold and Cotman, 1998), The first patient Auguste D 

developed progressive dementia, accompanied by neuropsychiatric symptoms at her 

fifties. Dr. Alois Alzheimer examined the postmortem brain of the patient and found 

cerebral atrophy and pathological hallmarks of senile plaques and neurofibrillary 

tangles. This observable brain pathology was thought to be associated with 

malfunctioning cognition and subsequently considered to be characteristics of AD 

(Tiraboschi et al.，2004, Bums et a l , 2002). 

AD is a complex neurodegenerative disorder with a wide heterogeneity of 

clinical symptoms. The neurobiological basis for the clinical heterogeneity remains 

uncertain, but available evidence supported that the pathogenesis of AD is 

multifactorial. The interaction of environmental and genetic factors is implicated in 

the initiation and progression of the disease. Clinical probable AD is diagnosed by 

using clinical, neuropsychological, and imaging methods. Biomarkers may help to 

improve the diagnostic sensitivity and specificity and to monitor the disease stage and 

therapeutic response. The following literature reviews may provide an overview of 

recent research progress in AD. Further examination and discussion concerning 

disease biomarkers will be presented in the following chapters. 



1.1 Epidemiology 

AD has become a major worldwide public health concern. With the steadily 

increasing of life expectancy and expansion of aging population, the number of 

person afflicted with AD will inevitably increase. It will bring about enormous 

medical and financial burden to the society. 

To date, more than 35 million people worldwide were estimated to suffer from 

AD and it may be 115 million in 2050. The prevalence of AD increases rapidly with 

age and doubles every 5 years (Jorm et al.，1987). Age specific prevalence 

meta-analysis have suggested approximate rates under 1% for dementia in persons 

aged 60-65, rising to about 20% in persons aged above 85 (Jorm et al., 1987, 

Hofman et a l , 1991, Ritchie et al., 1992). In China, it was estimated that 1.7% of 

people aged 60-65 and 10.2% of those over the age of 80 will be affected with AD 

(Tang Z, 2003). The prevalence rate of AD in Hong Kong rises from 1.6% to 14% 

in the age groups of 75-79 and 85-89 (Chiu et al, 1998). 

Similar trends have also been found in the age specific incidence of dementia 

and AD. The incidence rate for "mild" AD in Europe rose from 2.5 per 1000 

person-years in 65-69 years old to 46.1 in those aged 85-89 years compared with 

U.S. rates of 6.1 to 74.5 and East Asian rates of 0.7 to 39.7 cases per 1000 

person-years (Jorm et al., 1987). In China, the incidence of dementia was 3.4%o in 

the age group of 60-69 and 33.8%o in elderly above 80, demonstrating that age is an 

important modulating factor for AD (Shen YC, 1994). 



1.2 Clinical features and diagnosis 

Progressive deterioration in memory and cognitive function is the core features 

of dementia syndrome. Besides, behavior and functional deficits are common 

concurrent manifestations during disease progression. As the pathological 

mechanism of AD still remains unclear, clinical features play an indispensable role 

in the diagnosis of AD. To date, the diagnosis of clinical probable AD is made with 

high accuracy by using clinical, neuropsychological, and imaging methods 

(McKhann et al., 1984). 

1.2.1 Clinical symptoms 

The onset of AD is insidious and early symptoms are often not recognized. 

When disease progressed, a patient with AD may present a progressive decline in 

cognitive, behavioral and motor functions. 

1.2.1.1 Cognitive symptoms 

Memory loss is usually the first cognitive symptoms recognized. In early stage, 

patients frequently complain of "forgetfulness". Typically, memory change is 

characterized by short-term memory loss but relative preservation of remote 

memory. Patients have difficulties in learning new information and remembering 

recent events. Cognitive dysfunction is detectable by neuropsychological tests such 

as impaired delay recall in episodic memory tests and reduced verbal fluency. 

As forgetfulness increase, other signs of impairment in remaining cognitive 

domains become evident. Visuospatial disorientation is common. Language 



disturbances include word-finding difficulty, naming impairment and diminished 

speech output. Patients have difficulties in completing complex tasks. Judgment and 

problem solving are also impaired. The overall cognitive functions deteriorated 

during moderate AD and patients presented a uniformly poor performance in 

comprehensive cognitive assessment. As dementia become more severe, only 

memory fragments and very limited cognitive functions remain. Affected patients 

failed to recall the names of spouse or children and kept simple social interaction. 

1.2.1.2 Behavioral and psychological symptoms 

Behavioral and psychological symptoms of dementia (BPSD) are common and 

significant symptoms of AD, contributing most to the burden of care and faster 

institutionalization. It is defined as symptoms of disturbed perception, thought 

content, mood or behavior that frequently occur in patients with dementia (IPA, 

1998). BPSD are simply grouped into two symptom clusters: (1) Behavioral 

symptoms, usually identified on the basis of observation of the patient, including 

physical aggression, screaming, restlessness, agitation, wandering, culturally 

inappropriate behaviors, disinhibition. Agitation is a frequent complaint from the 

caregivers of demented elderly. Evidence showed that the subtypes of agitation 

were correlated with the degree of cognitive impairment (Cohen-Mansfield, 1996). 

Patients may also report sleep abnormalities such as nocturnal awakening, excessive 

daytime sleepiness and shorting of sleep duration. Other diurnal rhythm 

abnormalities and nocturnal confusion are also found. (2) Psychological symptoms, 

assessed through interviews with patients and relatives, including delusions, 

hallucinations, apathy, anxiety and depressive mood. Typical themes of delusions 

are theft, persecution, abandonment and infidelity. Visual hallucination and 



abnormal perception are also common in moderate dementia. Apathy and 

depressive mood may occur in 40-50% of Subjects (Lyketsos et al., 2000, Wragg 

and Jeste, 1989). 

Clusters of behavior and psychological symptoms may present concurrently, or 

some remit and recur. Affective symptoms are more likely to occur in the earlier 

stage, while agitated and psychotic features are frequent with moderate impaired. At 

more severe stage, however, these symptoms become less evident because of 

deteriorated physical and neurological condition (IPA, 1998). 

1.2.1.3 Functional deficits 

Functional deficits are another important presentation of AD, contributing to 

disability and poor quality of life. Cognitive function is an important determining 

factor for function performance. Other factors such as physical activity, social 

interaction and behavior disturbance may influence the rate of functional 

deterioration. 

Functional impairment is partial in the early stage of AD. Patients are able to 

carry out basic daily activities and could live independently. With the deterioration 

of cognitive function, the ability of carrying out the instrument activities is affected 

and patients have difficulties in preparing meals, personal hygiene and need the care 

assistance. When disease progressed to severe stage, the basic self-maintenance 

abilities such as bathing, eating and toileting were impaired, and the patient 

becomes completely dependent. 



1.2.2 Classifications of AD 

AD was classified into two groups: familial AD (FAD) and sporadic AD 

(SAD). Familiar AD is an autosomal dorminant disorder with onset age before 65 

years. A few causative mutations had been identified: Amyloid precursor protein 

(APP), presenilin 1 (PS-1) and presenilin 2 (PS-2) genes. However, FAD is rare 

with the prevalence below 0.1% (Harvey et al.，2003). Sporadic AD accounts for 

over 95% of cases. As a multigenetic inheritance disorder, SAD is likely to be 

resulted from an interaction of genetic and environmental factors. 

1.2.3 Clinical diagnosis 

There are three commonly used diagnostic criteria for AD: (1) the National 

Institute of Neurological and Communicative Disorders and Stroke and the 

Alzheimer's Disease and Related Disorder Association (NINCDS-ADRDA) 

(McKhann et al., 1984), (2) the Diagnostic and Statistical Manual of Mental 

Disorder, 4th edition (DSM-IV)(APA，1994) and (3) the International Classification 

of Diseases, revision (ICD-10)(WHO, 1992). The NINCDS-ADRDA criteria 

are among the most adopted in the diagnosis of AD and have shown good reliability 

and validity (Blacker et al., 1994). According to this framework, clinical diagnosis 

is mostly represented by "probable AD" and "possible AD". A definitive diagnosis 

of AD requires postmortem histological examination, which is regarded as the gold 

standard. "Probable AD" is diagnosed when dementia is characterized by gradual 

onset and progression, having deficits in two or more cognitive domains, excluding 

other brain or systemic disorders that could cause dementia, and in the absence of 

disturbance in consciousness. A diagnosis of "Possible AD" is based on the 



observation of clinical dementia symptoms but in the presence of other systemic or 

neuropsychiatric disorder which is capable of causing dementia but not thought to 

be the course of current dementia. According to NINCDS-ADRDA criteria, AD 

could not be diagnosed until the patients have apparent clinical manifestation, but 

treatment are often most effective in early stage of AD. From this perspective, 

additional disease markers would be of great value as diagnostic tools aiding in 

early detection of AD, as well as prediction of incipient Alzheimer's disease. 

Recent progress in using new biomarkers as diagnostic tools of AD will be 

discussed in the chapter 3. 

1.3 Pathogenesis and hypotheses 

AD is a complex disorder in which multiple pathogenic mechanisms may be 

involved in leading to a common phenotype. Genetic factors and programmed cell 

death were considered to the primary pathogenic events, because it appeared 30-40 

years before the onset of disease. The presence of amyloid plaques, neurofibrillary 

tangles, synaptic and neuronal loss, is major hallmarks of AD. Neuroinflammattory 

reactions, oxidative stress response, alterations in calcium homeostasis, deficit of 

neurotrophic factors, mytochondria dysfunction and many other neurochemical 

changes are also involved in the pathogenesis of the disease (Cacabelos, 2007). 

1.3.1 Amyloid plaques 

One of the main histopathological features of AD is the deposition of Amyloid 

plaques in brain. The plaques were always found in frontal and temporal cortex, 

hippocampus and amygdale in typical AD. Amyloid p (Ap) peptide is the primary 



component of senile plaques and is generated from Amyloid precursor protein 

(APP). 

APP is a single membrane-spanning protein ubiquitously expressed in many 

cell and tissue types including endothelia, glia and neurons of the brain. It has at 

least three major protein isoforms such as APP770, APP751 and APP695. APP695 

was predominant in brain and achieved great attention in research on AD. As a 

G-protein-coupled receptor, APP mediated the downstream G-protein activation 

and inhibition and subsequently linked to pathways involved in neural activity and 

synaptic plasticity (Okamoto et al., 1995). Other roles of APP in cell adhesion 

(Breen et al., 1991), neuronal differentiation and long-term potentiation were also 

reported (Cacabelos, 2007). Studies showed that APP plays a crucial role in 

pathogenesis of AD and mutations in APP gene accounts for rare familiar AD 

(Chartier-Harlin et al., 1991, Neve et al., 2000). 

APP is proteolypic processed by the action of enzymes a -,p- and y -secretases 

and generate peptides with different properties, a -secretase cleaves the Ap domain 

of APP at position 16/17 and leads to the production of soluble a APP and 

C-terminal fragments (CTF) C83. p-secretase acts at the extracellular site of APP 

and releases soluble pAPP as well as CTF C99. Both soluble a APP and pAPP do 

not participate in the plaque formation. CTF C99 was further cleaved by Y 

-secretase at position 40 or 42 to generate two peptides of 40 and 42 amino acid 

length, known as Ap40 and Ap42. AP40 is the main component of Ap while Ap42 

only accounts for 5-15%, but its oligomeric form are more neurotoxic. Although the 

exact properties of Ap still remains uncertain, the central role of A|342 in AD has 



been established through extensive studies. Among the research, the deposition of 

Ap42 in brain is an early and typical feature of all forms of AD (Younkin, 1998). 

Genetic study showed various FAD-associated mutations in APP, PS-1 and PS-2 

genes lead to an increase in the production of AP42 (Borchelt et aL, 1996, Ishii et al., 

1997). Recent data indicated that a reduction of the ratio of AP42/ AP40 correlates 

with the risk, onset and progression of AD (Fukuyama et al., 2000, Lewczuk et aL, 

2004). The aggregation of AP42 showed neurotoxic properties and cause neuronal 

degeneration partly due to disruption of calcium homeostasis and oxidative stress 

damage (Varadarajan et al., 2000, Reddy et al,, 2004). It may also initiate 

inflammatory reaction which contributes to neuronal death (Salomon et al., 1992， 

Yates et aL, 2000). Based on this evidence, “Amyloid cascade hypothesis" was 

proposed by Hardy and Allsop in 1991, and it will be discussed in the following 

chapters. 

1.3.2 Neurofibrillary tangles 

Another pathological characteristic of AD is Neurofibrillary tangles (NFTs). 

NFTs are intracellular accumulations of abnormal paired helical filaments (PHF) 

with tau protein as the major component. Tangles are found throughout the AD 

brain especially entorhinal region, hippocampus, cortex and their density correlate 

with the degree of neuronal loss. NFTs are not unique for AD. They are also found 

in other neurodegenerative disorders such as Pick's disease, Parkinson's disease and 

progressive supranuclear palsy. The formation of NFTs is thought to be associated 

with a collapse of the microtubule network, disturbances of axoplasmic transports, 

synapse loss, neuritic atrophy, and neuronal death (Delacourte et al” 1999). 



Tau is a microtubule associated protein encoded by MAPI gene located in 

chromosome 17. Tau interacts with tubulin and modulates the stability and 

assembly of microtubules in neuronal axons. Microtubules are important 

cytoskeleton components functioning in cell motility, transport, shape and mitosis. 

Six tau isoforms were generated by alternative splicing of exon 2, 3 and 10 and 

have different affinity to the microtubule binding domain. In AD brain, tau is 

hyperphosphorylated and does not bind microtubules. The free tau then associates 

with other cellular components to aggregate and form PHF. The accumulation of 

PHF eventually results in NFTs and subsequent synapse and neuronal loss (D'Souza 

and Schellenberg, 2005, Avila et al., 2004). In this case, hyperphosphorylated tau 

should be toxic, but the concept of tau cytotoxicity is increasingly being challenged 

by a number of evidence supporting for the involvement of tau in neuronal 

protection for oxidative damage (Nunomura et al., 1999b, Li et al., 2007). 

1.3.3 Hypotheses of AD pathogenesis 

Various hypotheses have been proposed to clarify the molecular pathogenesis 

of AD, of which the two most favored are "Amyloid cascade hypothesis" and "Tau 

and tangle hypothesis". Advocates of both hypotheses have argued about which 

lesion is priority to the other or whether either lesion is sufficient and necessary for 

dementia (Mudher and Lovestone, 2002). Although these two hypotheses offer a 

broad framework to explain AD pathogenesis, there are some puzzling observations 

indicating that these hypotheses are not complete. A collection of other related 

theories involved in the pathology of AD including "Oxidative stress hypothesis" 

and "neuroimmunological hypothesis" have been proposed as well. 
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1.3.3.1 Amyloid cascade hypothesis 

Amyloid cascade hypothesis was first proposed in 1991 (Hardy and All sop, 

1991). It centers on a dysregulation in APP processing occurs early in the disease, 

resulting in increased production of AP42, which is the major component of amyloid 

plaques. The deposition of Ap42 triggers and induces all the subsequent pathology 

including tau aggregation, synapse dysfunction and neuronal loss. 

There is a wealth of evidence to support the amyloid hypothesis. The most 

obvious is that AD causing mutations in APP, PS-1 and PS-2 genes predispose to 

amyloid deposition, either by increasing AP42 production or enhancing AP42 

aggregation (Borchelt et al., 1996，Ishii et al., 1997). Furthermore, the facts that 

mutations in tau (FTDP-17) give rise to tangles formation but not plaques proved 

that tau pathology are likely to occur after amyloid pathology (Poorkaj et al., 1998, 

Hutton et al., 1998). Moreover, studies showed that Ap could induce neuronal 

degeneration both in vitro and in vivo and its metabolism was involved in the 

pathogenic role of genetic variability at apoE locus (Sanan et al., 1994, LaFerla et 

al., 1996, Frautschy et al , 1998). Further, growing evidence indicated genetic 

variance in Ap metabolism and clearance contributes to the risk of late-onset AD 

(Wood et al., 2007, Lahiri et al., 2005). Taken together, these findings supported the 

notion that Ap aggregation is the primary event in AD, and the subsequent disease 

process result from an imbalance between Ap production and Ap clearance. 

Although there is no alternative hypothesis explaining AD pathology with as 

much experimental support as the amyloid hypothesis, there are some observations 

that the hypothesis cannot fully explain. The severity of amyloid deposits in brain 
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did not correlate well with the degree of cognitive impairment (Arriagada et al., 

1992). Moreover, transgenic mice undergo progressive amyloid deposition but do 

not show neuronal loss and neurofibrillary tangles formation as predicted by 

hypothesis (Hsiao et al., 1995，Irizarry et al., 1997). Furthermore, a recent clinical 

trial on Ap42 immunization revealed a positive effect on amyloid plaque clearance, 

but no effect on cognitive function and long-term survival (Holmes et al., 2008). 

These findings seem to challenge the primary role of Ap in the development of AD. 

At this moment, however, they still cannot provide compelling reasons to abandon 

the hypothesis, and more extensive studies are required to clarify the exact role of 

Ap in the etiology of AD. 

1.3.3.2 Tau and tangles hypothesis 

Although the majority of researchers accepted amyloid cascade hypothesis, a 

small group advocated that neurofibrillary tangles and tau protein are the causative 

factor in AD. Tangles are comprised of hyperphosphorylated tau, which aggregate 

and lead to the formation of PHFs, Hyperphosphorylated tau could not bind the 

microtubules and subsequently result in the degradation of cytoskeleton, axon 

transport disturbance and cell death (Gray et al., 1987). 

The hypothesis was mainly supported by the fact that the density of 

neurofibrillary tangles correlated more closely with the degree of cognitive 

impairment than amyloid deposition (Arriagada et al., 1992). Moreover, evidence 

showed that the process of tangle formation starts with increased phosphorylation 

and then aggregation of tau in those areas known to be critical for memory (Braak 

and Braak, 1998, Braak et al., 1994). Further, the defects in tau may cause impaired 
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axonal transport and synapse damage in animal models of tauopathy (Yoshiyama et 

al., 2007，Chee et al.，2006). Finally, the discovery of tau mutations (FTDP-17) has 

consistently demonstrated that tau hyperphosphorylation are sufficient to produce 

neurodegeneration without amyloid plaques (Hutton et al., 1998). The evidence that 

FTDP-17 induced tangles but not plaques formation as well as mutations in APP led 

to both tangle and plaques formation (Goate et al., 1991) have demonstrated that tau 

pathology occurs after amyloid deposition, which has been debated between 

advocates of "tau hypothesis" and "amyloid hypothesis" for many years. 

Although diverse risk factors such as Ap, reactive oxygen species (ROS), 

inflammatory cytokines, iron overload and mitochondria dysfunction are involved 

in the pathogenesis of AD, tau hyperphophylation was considered as the final 

common way of various harmful molecular and cellular processes that eventually 

leads to neuronal degeneration (George Perry, 2009). The exact mechanism in 

regulating tau phosphorylation still remains elusive. Recent observation indicated 

that innate immune system and inflammation played an important role in triggering 

pathological phosphorylation (Orellana et al., 2005, Rojo et al., 2008). Tau 

pathology and cytoskeleton dysfunction converge as the final common result of 

diverse danger signals pathway to induce neurodegeneration as well as cognitive 

impairment. 

Another concern about the neurotoxic role of tau pathology, based on the 

recent experiment data that challenged the notion of primary toxicity, was raised: (1) 

NFTs are encountered in viable neurons until late stage disease; (2) neurons with 

NFTs contain normal content and structure of microtubules; (3) profound NFTs 
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exist in cognitively intact elderly sometimes; (4) a number of evidence supported 

that phosphorylated tau is not toxic, but function as a response to oxidative stress 

damage and promote neuronal survival (Castellani et al., 2008, Morsch et al.，1999， 

Nunomura et al., 1999b). In order to clarify whether tau aggregation represent a 

harmful or physiological process, more study to explore aggregation process and 

further use of aggregation agonists and inhibitors will be useful. 

Although the details of tau hypothesis still lack and skepticism about the 

hypothesis exists, the importance of tau pathology in AD has been fully 

demonstrated and received increasing interests. Based on ongoing research, the tau 

hypothesis together with other underlying hypothesis will be improved better to 

uncover the detail mechanism of AD etiology. 

1.3.3.3 Oxidative stress hypothesis 

Oxidative stress is defined as the imbalance between the production and 

removal of reactive oxygen species (ROS). In normal condition, ROS production is 

tightly controlled by antioxidants as well as antioxidant enzymes (Yu, 1994), When 

ROS levels exceed the antioxidative capacity of a cell，oxidative stress occur 

causing molecular damage, promoting cell adaptation and leading to the loss of cell 

biological function (Su et al.，2008). 

Oxidative stress has been well documented to be an early event in AD and play 

an important role in initiating the disease through several cell signal pathways (Su 

et al.，2008). Mitochondria dysfunction is one of the major sources of oxidative 

stress. In AD, damaged mitochondria and deficiency in key enzymes responsible for 
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oxidative metabolism have been observed (Castellani et al•’ 2002，Gibson et a l , 

1998, Chandrasekaran et al., 1994). AD neurons had a significant higher percentage 

of the completely damaged mitochondria compared with elderly control (Hirai et a l , 

2001). Some sporadic mutations in mitochondria DNA were identified and unique 

to AD (Coskun et al.，2004). Moreover, ApoE4 fragment was reported to show 

toxicity to mitochondria function in AD brain (Harris et al., 2003, Chang et al., 

2005). 

Other sources of oxidative stress including Ap, metal abnormity, and 

astrocytes/microglia have also been implicated (Su et al., 2008). It is note worthy 

that some studies found Ap exerted its toxicity by impairing mitochondria function 

or by generating different ROS (Reddy et al., 2004, Varadarajan et al., 2000, Behl 

et al., 1994), but others argued that amyloid plaques and NFTs formation may 

function as neuronal adaptations to chronic oxidative stress (De Kloet, 2004, 

Nunomura et al., 1999a). Based on these findings, it was hypothesized that 

oxidative stress, as an upstream pathphysiological process in AD, had dual effect, 

not only causing the subsequent cell degeneration and death but also provoking 

compensatory response to protect cells against ROS damage. The dynamic balance 

between oxidative damage and compensatory response may result in the 

pathological presentation of AD. 

1.3.3.4 Inflammatory hypothesis 

It has been widely accepted that inflammatory plays an important role in the 

pathogenesis of AD. Amyloid plaques were surrounded with a wide variety of 

inflammatory related proteins and clusters of activated microglia and astrocytes 
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(Yates et al.，2000, Smits et al., 2002). Neuropathological studies showed increased 

expression of cyclooxygenase-2 (COX2) as well as microglia and astroglial 

activation in different stage of AD pathology (Hoozemans et al., 2006，Webster et 

al., 2006). Recent positron emission tomography (PET) studies indicated that 

amyloid deposition and microglia activation can be detected in half of the subjects 

with MCI (Okello et al., 2009). Cytokines such as IL-1, IL-6 and a2-macroglobulin 

were elevated in AD brain, suggesting a persistent inflammatory response (Bauer et 

al., 1992, Wood et a l , 1993). Moreover, genetic studies showed that certain 

polymorphisms of the inflammatory cytokines such as IL-1, IL-6 and TNF- a were 

risk factors for AD (Paradowski et al., 2008, Deniz-Naranjo et a l , 2008, Laws et al., 

2005, Ma et a l , 2005). Further, the inflammatory hypothesis was supported by the 

epidemiological studies that showing long-term use of non-steroidal 

anti-inflammatory drugs (NSAIDs) reduces the risk of AD (Simmons et al., 2004， 

de Craen et a l , 2005). 

In AD brain, not only astrocytes and microglial，but also neurons could 

produce inflammatory mediators including chemokines， cytokines and 

prostaglandins (Smits et al., 2002, Kempermann and Neumann, 2003). 

Inflammatory mediators influence neuronal and synaptic function via diverse 

mechanisms, including regulation of neurotransmission, neurotransmitters receptors, 

and synaptic efficacy. Besides their direct cytotoxic effects, inflammatory cytokines 

could induce the synthesis of NO and hydrogen peroxide which increase neuronal 

sensitivity to oxidative stress (Bal-Price and Brown, 2001, Brown and Bal-Price, 

2003). Moreover, cytokines such as TNF- a and IL-1 p could induce the generation 

and aggregation of A|3 (Rogers et a l , 1999, Sheng et al.，2003). The presence of Ap 
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can in turn provoke the secreting of various cytokines (Salomon et al.，1992, Yates 

et al., 2000). The interaction between cytokines and Ap form a vicious cycle, 

further exaggerating chronic inflammation and neuronal toxicity. 

Despite a wealth of evidence have suggested that up-regulated inflammatory 

response can be responsible for synapse dysfunction and neuronal degeneration, 

others argued that the role of inflammation in AD is not simple as previously 

assumed but is a mixture of both detrimental and beneficial. The end result of 

inflammatory response depends on the profile of the secreted inflammatory and 

anti-inflammatory cytokines and other factors of the immediate environment (Vaca 

and Wendt, 1992, Dhandapani et al., 2003, Smits et al., 2001). Although the exact 

role of inflammation in the pathology of AD and its mechanisms in terms of the 

cells including microglia and astrocytes and inflammatory mediators are still not 

clear, it has been widely accepted that inflammatory response can be an important 

component for the pathogenesis and progression of the disease. 

1.4 Risk factors 

1.4.1 Environmental risk factors 

Age is the most significant risk factor for AD. The prevalence of AD increases 

rapidly with age and doubles every 5 years (Jorm et al., 1987). 

A higher prevalence of AD was observed in woman than in man across 

different ethnics (Gao et al., 1998). Apart from confounding factors of life spans 

and educational attainments, the drop in estrogen levels after menopause may 
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explain the female preponderance in AD, because estrogen is a putative protective 

factor against oxidative injury and Ap induced toxicity (Fitzpatrick et aL, 2002). 

Education is considered to be a protective factor for cognitive decline 

(Chibnall and Eastwood, 1998, Shadlen et al.，2006). It was hypothesized that 

individuals with high levels of education may have more synapse reserve and offer 

higher resilience towards development of clinical symptoms in face of AD and tau 

pathology (Roe et aL, 2007). 

Growing evidence showed that physical activity may reduce the risk of 

dementia and is positively correlated with cognitive function among older people 

(Yaffe et aL, 2001, Heyn et al., 2004). The protective effect of physical activity 

might be a result of the reduced vascular risk and obesity, improvement of overall 

health status and enhanced positive behavior (Barnes et aL, 2007). 

Physical health is found to significantly influence the development of AD. 

Epidemiology studies have identified positive associations between hypertension, 

hypercholesterolaemia, stroke and an increased risk of AD. Type 2 Diabetes is 

related to insulin resistance, which is involved in the formation of Ap and 

inflammatory response in brain and subsequently increase the risk of AD (Craft, 

2006, Sun and Alkon, 2006). Infection has also been reported to increase the risk of 

dementia among the elderly (Dunn et al., 2005). The meta-analysis have shown that 

a history of depression is a risk factor for AD in later life (Ownby et a l , 2006，Jorm, 

2001). 
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Besides, a history of head trauma, exposure to toxins and metals and high 

intake of saturated fat were identified as risk factors for AD as well (Solfrizzi et al” 

2006, Lye and Shores, 2000, Otsuka et al., 2002). 

1.4.2 Genetic risk factors 

Several causative mutations in APP, PS-1 and PS-2 genes have been identified 

in familiar early-onset AD. In sporadic late-onset AD, however, only 

Apolipoprotein E (ApoE) has been widely accepted as genetic risk factor. 

APP gene is the first gene found to be associated with inherited susceptibility 

to AD. It is located on chromosome 21 and encodes amyloid precursor protein, 

which is metabolized by P- and Y -secretase to produce Ap42. The missense 

mutations at codon 670/671 (Swedish mutation) (Mullan et al., 1992), codon 692 

(Flemish mutation) (Hendriks et al., 1992), codon 716 (Eckman et al., 1997) and 

717 (Chartier-Harlin et al., 1991) of the APP gene has been reported to be 

pathogenic. Most of the pathogenic mutations close to ct -，p- or Y -secretase sites， 

were reported to influence the processing of APP and lead to an increased Ap42 

production (Mullan et al., 1992). 

The amyloid cascade hypothesis is also supported by the discoveries that AD 

related mutations in PS-1 and PS-2 genes enhance the production of Ap42 (Lee et a l , 

1997) The PS-1 gene on chromosome 14 encodes an integral membrane protein of 

467 amino acids. The function of presenilin proteins is still unknown. More than 

160 mutations in the presenilin genes have been identified in families with 

autosomal-dominant AD. Mutations in PS-1 accounted for most of familiar AD 
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(Raux et al., 2005). Mutations in PS-2 gene also give rise to AD. The PS-2 gene on 

chromosome 1 encodes a transmembrane protein of 448 amino acids. Several 

missense mutations in PS-2 gene have also been found in family with early-onset 

AD (Bird et al., 1988，Rogaev et al., 1995). Multiple mechanisms have been 

involved in the etiological effect of mutations in preselinin genes such as inducing 

the production of Ap42 (Lee et al., 1997)，provoking apoptosis and down-regulating 

the important signal pathway of unfolded protein response (Katayama et al, 1999). 

The only well replicated genetic risk factor for sporadic late-onset AD is the 

apolipoprotein E gene (ApoE) polymorphisms. ApoE gene is located on 

chromosome 19 and has three alleles (E2, E3 and E4) with E4 allele being a risk 

factor and E2 allele being protective. Compared with subjects with no E4 allele, the 

risk of AD is 2-3 fold increasing in those with one E4 allele and about 12 fold 

increasing in person with two E4 alleles (Roses, 1996). The ApoE4 allele is also 

associated with an earlier onset age of AD (Asada et al., 1996, Craft et al., 1998). 

The differential effects of ApoE isoforms on the production and clearance of Ap has 

contributed to the underlying mechanism of this increased risk. In addition, other 

potential mechanisms such as differential modulation of tau phophorylation, 

synaptic plasticity and neuroinflammation have been also implicated (Kim et al., 

2009). Various lines of evidence suggested that ApoE plays an important role in 

neuronal degeneration process. ApoE was found to be involved in the aggregation 

and clearance of Ap in vitro (Sanan et al., 1994, Strittmatter et al., 1993). Human 

studies demonstrated a positive correlation between amyloid deposition and ApoE4 

allele dose (Rebeck et al.，1993，Schmechel et al.，1993，Nathan et al.，1994). ApoE 

is important for the maintenance of synaptic plasticity and function. The inhibitory 
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of ApoE4 on neurite outgrowth was secondary to its deleterious effect on 

cytoskeleton (Nathan et al., 1994). In addition, inflammatory response is also 

modulated by ApoE, and ApoE4 isoform has more robust pro-inflammatory activity 

than ApoE3 (Guo et al., 2004). Besides the indirect potential harmful effects, 

ApoE4 may exert direct neurotoxicity. The 29 kDa carboxyl-terminal-truncated 

fragment of apoE4 has been shown to induce cytoskeletal disruptions and 

mitochondrial dysfunction (Mahley et al., 2006, Mahley et al., 2007). 

Although ApoE4 was proved to increase the risk of AD, it is not sufficient and 

necessary for the development of AD. In the past twenty years, more than 500 

genes have been reported as potential risk factors for AD by candidate gene 

approach (Papassotiropoulos et al., 2002b, Reiman et al., 2007, Kawamata and 

Shimohama, 2002, Miller et al., 2007, Dickerson et al., 2005), but none has been 

consistently demonstrated to influence disease risk (Yamauchi K，1999, Saunders et 

al., 1993). Recent literature based on genome-wide association (Locascio et al , 

2008, Dickerson et al., 2005, Guerreiro et al., 2010) and meta-analysis (Di Bona et 

al., 2008, Dickerson et al., 2005) suggested more than 20 genes not related to apoE4 

allele may be associated with significant risk effect. Some examples included 

angiotensin I converting enzyme 1 (ACE), cholesterol 25-hydroxylase (CH25H), 

nAChR P2 encoding gene (CHRNB2), GRB2 associated binding protein 2. 

1.5 Management 

The present pharmacological treatment of AD would not prevent progression 

of the disease, but has beneficial effects on clinical symptoms. Acetylcholinesterase 

inhibitors (AChEI) are used for the treatment of mild to moderate dementia in clinic. 
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AChEI enhance the action of acetylcholine, thus offering symptomatic 

improvements to cognitive symptoms (Doody et al., 2001, Krishnan et al., 2003). 

Another approved drug named memantine is a low affinity noncompetitive 

N-methyl-D-aspartate (NMDA) receptor antagonist. Memantine improves 

symptoms of AD patients with moderate to severe impairment (Danysz et al., 2000, 

Rohrbacher et al., 1994, Orgogozo et al., 2002). Epidemiology studies demonstrated 

a beneficial effect of long-term use of NSAIDs in the prevention of AD (McGeer et 

al‘’ 1996，in t' Veld et al.，2001，Hughes et ai., 1982)). However, clinical trials 

produced negative results (Hughes et al., 1982, Group et al, 2007). 

Psychotropic medication may be used for management of distressing 

neuropsychiatric and behavioral symptoms including psychosis, depression, 

impulsivity and agitation. 

Recent progress in AD therapeutics also focuses on modulation of Ap 

formation and aggregation, as well as accelerating its clearance (Citron, 2004, 

Siemers et al., 2007). Immunotherapy targeting the amyloid peptide is also a novel 

approach to disease treatment. Both active immunisation with N-terminal Ap 

fragments and passive immunisation with anti-Ap monoclonal and polyclonal 

antibodies are now in phase II trials (Rafii and Aisen, 2009). 

Besides pharmacological management of AD, non-pharmacological options 

are important adjuvants to the management of this complex disorder. 
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Chapter 2 The concept of Mild cognitive impairment 

Mild cognitive impairment (MCI) is an at-risk state between normal aging and 

clinical dementia. Persons with MCI have some degree of cognitive decline greater 

than expected for an individual's age and education level but function 

independently (Gauthier et al.，2006). The amnestic subtype of MCI (aMCI) with 

memory deficits was consistently shown to increase the risk of AD (Petersen et al., 

1999). Over the last ten years, a growing number of studies of MCI focused on 

epidemiology, clinical features, neuropathology, predictive biomarkers and 

treatment. 

2.1 Definition 

In 1999, a group of experts put forward a diagnostic criteria outline for MCI 

(Petersen et al., 1999). It focused on MCI as a prodromal stage of AD represented 

by the impairment of memory domain. In 2003, the revised criteria for MCI were 

proposed (Petersen, 2004). 

2.2 Epidemiology 

The prevalence of MCI varied greatly, ranging from 3% to 24% due to 

different criteria among studies (Unverzagt et al., 2001, Ganguli et al., 2004, Manly 

et al., 2008, Plassman et al., 2008). More than half of MCI patients were shown to 

progress to dementia within five years, with the progression rate of 10%-15% per 

year compared with the rate of l%-2% in cognitive intact controls (Petersen et al., 

2001, Tiemey et al., 1996, Petersen et al., 1999). In China, a recent epidemiology 
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study has reported that the prevalence rate of MCI for the population aged 60 years 

and older was 8.9% with a higher prevalence in rural areas (15.8%) (Tang Z et al., 

2007). 

2.3 Clinical features and diagnostic algorithm 

Persons with MCI may present with a variety of symptoms. "Forgetfulness" is 

the frequent complaint from the patients or their relatives. Other cognitive domains 

including language, executive function and visuospatial skills may also been 

affected in some subjects. The prevalence of neuropsychiatric features in MCI 

intermediate between that of normal aging and dementia (Geda et al., 2004, Hwang 

et al., 2004). 

An algorithm based on Peterson's criteria (Petersen, 2004) may be used to 

identify the subtypes of MCI (Petersen and Negash, 2008). Through taking history 

and careful neuropsychological assessment, the clinician needs to determine that the 

patient is neither normal aging nor dementia. If the memory is impaired for age and 

education，which could be identified by the office memory tests such as a delay 

recall of list learning scoring, the condition of amnestic MCI (aMCI) could be 

considered. aMCI as a prodromal stage of AD have attracted a lot of research 

interests. If memory domain is not affected and the subjects have impairment of 

other cognitive domains, this is regarded as non-amnestic MCI (naMCI). Once the 

subtype of MCI is determined, the subsequent question is to decide whether single 

domain or multiple domains of cognitive functions were impaired. The diagnosis of 

single domain aMCI or naMCI is assumed when only single domain such as 

memory or one of other domains including language, executive function, or 
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visuospatial skills was involved. Similarly, multiple domain aMCI or naMCI refers 

to impairments in at least two cognitive domains. The non-amnestic subtypes with 

presumed degenerative etiology have a higher likelihood of progression to non-AD 

dementia, such as frontotemporal dementia and dementia with Lewy bodies 

(Petersen and Negash, 2008). 

2.4 Neuropathology 

Studies have shown that early AD pathology is underway in persons with MCI. 

Neurofibrillary pathology and amyloid deposition were identified in the medial 

temporal lobe and neocortex (Markesbery et al.’ 2006, Bennett et al.，2005). Most 

subjects, however, did not have sufficient neuritic plaque pathology to meet the 

neuropathological criteria of AD (Jicha et al., 2006). Another study has also 

demonstrated that MCI patients appeared to have intermediate pathology between 

that of normal aging and very early AD，in spite of the contribution of both 

degenerative and vascular factors (Bennett et al., 2005). Moreover, recent 

neuroimaging studies have observed progressive loss of gray matter as MCI 

converted to AD as well (Karas et al., 2004). 

2.5 Factors modulating progressive cognitive decline in MCI 

MCI is a heterogeneous syndrome that runs variable trajectories. Some 

persons with MCI may improve; others may progress to clinical dementia. Hence, 

looking for markers capable of predicting disease course is a recent focus in MCI 

research. ApoE4 allele is reported to be associated with MCI transition to dementia 

(Cosentino et al., 2008, Mosconi et aL, 2004), but the results are not consistent. The 

severity of cognitive impairment is associated with disease progression (Visser et 
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al., 1999). The presence of behavioral and psychological symptoms, including 

depression was a variable predictor of progression to dementia (Copeland et al., 

2003). Additionally, a number of neurchemical and neuroimaging biomarkers were 

found having predictive value in MCI patients. Low levels of AP42 and high levels 

of tau protein in cerebrospinal fluid (CSF) may predict a higher probability of 

progression to AD (Riemenschneider et al., 2002, Hampel et al , 2004, Andreasen et 

al., 2003). Hippocampal atrophy identified by MRI are also able to predict 

progression to AD with about 80% accuracy (Wang et al.，2006，Jack et al., 1999). 

Further, the role of novel neuroimaging methods such as 18FDG-PET and PIB in 

tracking the course of MCI are under active investigation (Drzezga et al., 2005, 

Jack et al., 2008). 

2.6 Early intervention 

Several clinical trials have been undertaken to test whether using drugs for AD 

could also delay the progression of MCI to clinical dementia (Petersen et al., 2005, 

Feldman et al., 2007, Thai et al., 2005). From a large randomized controlled clinical 

trial involved donepezil and vitamin E in a 769 subjects with aMCI, donepezil group 

was demonstrated to reduce the risk of developing AD for the first 12 months. 

However, over the 36 months of study, there was no significant difference in the 

probability of progression to AD among the donepezil, vitamine E and placebo group 

(Petersen et al., 2005, Doody et al., 2009). Cumulatively, there is no standard 

pharmacological treatment for MCI. On the other hand, non-pharmacological 

management such as frequent participation in cognitively stimulating activities, less 

dietary fat consumption and active social interaction were recommended to protect 

against cognitive decline and lower the risk of AD (Gauthier et al., 2006). 
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Chapter 3 Biomarkers for AD and MCI 

3.1 Introduction 

Current diagnosis of AD depends on the combination of clinical， 

neuropsychological, and imaging assessments. The definitive diagnosis still 

requires postmortem pathological examination. The identification of biomarkers 

allows for more accurate and earlier diagnosis. Additionally, biomarkers facilitate 

differential diagnosis of AD from other degenerative disorders. More importantly, 

biomarkers may be of value in tracking disease progression and evaluating 

therapeutic response. 

The current consensus criteria of biomarkers for AD were proposed by 

National Institute on Aging (NIA) in 1998. According to the criteria, an ideal 

biomarker 1) should detect the fundamental CNS pathophysiology of AD and be 

validated in neuropathologically confirmed cases, 2) should have a diagnostic 

sensitivity >85% for detecting AD and a specificity >75% for distinguishing 

between other dementias, 3) should detect any beneficial effects of disease 

modifying therapy, 4) should be reliable, reproducible, non-invasive, simple to 

perform, and inexpensive, and 5) be confirmed by at least two independent studies 

conducted by qualified investigators with the results published in peer-reviewed 

journals (Frank et al., 2003). 

Although a variety of biomarker candidates for AD have been identified, there 

has been no single biomarker that completely fulfills the NIA criteria. There are 
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limitations to the consensus of an ideal situation. Current diagnosis of AD are based 

on clinical assessment, control group are likely to include some people with 

pathological but not clinical AD. Postmortem validation of diagnosis, however, is 

not practical. Lack of standard protocols including clinical assessment, sampling 

process and statistical analysis also contributes to the methodological variability. 

On the other hand, AD is a complex disorder with a diversity of neuropathological 

and etiological factors. Moreover, the severity of AD pathological lesions does not 

reflect the severity of clinical symptoms or the rate of disease progression 

(Craig-Schapiro et al., 2009, Song et al., 2009). In spite of these limitations，a large 

number of advances have been achieved in identification of potential biomarkers for 

AD，and its at risk state of MCI. In this chapter, three main approaches of 

biomarkers research in AD including neurochemical testing, genetic testing and 

neuroimaging measurements were reviewed and their potential use in clinical 

practice is discussed. 

3.2 Cerebrospinal fluid and blood biomarkers 

Cerebrospinal fluid (CSF) is a good resource for research into 

neurodegenerative disorders，but its clinical application is limited by the complex 

and invasive nature of the procedure. Blood contacts with every cell in the body and 

is capable of reflecting physical and pathological changes of every organ including 

the central nervous system. Blood is thought to be another suitable source of AD 

biomarkers as well. Until now, a large number of potential biomarkers for AD have 

been studied in CSF and blood. 
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3.2.1 Amyloid precursor protein 

Amyloid precursor protein (APP) is sequential cleaved by p- and Y -secretase to 

produce AP peptide and soluble P-sAPP. If APP processing is abnormal in AD 

brain, it may lead to the changing of the level of sAPP, which may serve as a 

diagnostic biomarker. Results of studies measuring CSF total sAPP, a -sAPP and 

(3-sAPP levels in AD compared to healthy control and MCI patients are 

contradictory, ranging from a decrease (Van Nostrand et al , 1992, Henriksson et al., 

1991), no significant change (Chong et al., 1990) to an increase (Ghiso et al., 1989, 

Weidemann et al., 1989). Taken together, these inconsistent results do not support 

sAPP as a useful biomarker for AD. 

3.2.2 AP4oand AP42 

Amyloid plaques are one of pathological hallmarks of AD. Ap42, as the major 

component of plaques, as well as other Ap species are widely studied to be potential 

biomarkers of AD. 

3.2.2.1 Ap in CSF 

Early studies on total Ap in CSF showed that it is not well correlated with the 

diagnosis of AD (Lannfelt et al., 1995, Southwick et al‘，1996). Recent studies more 

focus on two major species: Ap42 and AP40. The majority of studies demonstrated a 

decreased level of Ap42 in CSF of AD patients (Andreasen et al., 1999, Andreasen 

et al., 2001, Clark et al., 2003, Engelborghs et al., 2008, Lewczuk et al., 2004, 

Blennow et al., 2001). The specificity to distinguish patients with AD from controls 

has varied from 42% to 88%, with the sensitivity varying from 72% to 100%. A few 
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studies report increased (Jensen et al.’ 1999, Csemansky et aL, 2002) or no change 

(Csemansky et al., 2002, Fukuyama et ai., 2000). It has also been reported that CSF 

Ap42 levels were lower in AD patients with ApoE4 allele. The sensitivity of Ap42 

measurement in AD was 83.6% for ApoE4 carriers but 54,2% in E4 non carriers 

(Tapiola et al., 2000). 

In addition, decreased CSF AP42 was also reported to predict conversion to AD 

in MCI patients (Andreasen et al., 2003, Hampel et al, 2004, Hansson et aL, 2006). 

Moreover, the CSF concentration of Ap42 was observed to decrease from mild to 

more severe dementia (Jensen et aL, 1999, Riemenschneider et al., 2002). These 

evidences suggested that CSF Ap42 may be useful in tracking disease course. 

However, decreased CSF Ap42 level are not specific for AD. Normal and decreased 

levels of AP42 were reported in Parkinson's disease (Motter et aL, 1995, Ida et al., 

1996). Half of the patients with vascular dementia (VaD) had decreased CSF AP42 

(Hulstaert et al., 1999). In lewy body dementia (DLB) and frontotemporal dementia 

(FTD), low levels of Ap42 proteins have also been detected (Kanemaru et al.，2000， 

Sjogren et al., 2000). Therefore, CSF Ap42 appears to be not a good biomarker for 

differentiation diagnosis of AD. 

Extensive studies in animal and human have shown an inverse relationship 

between CSF AP42 and the amount of plaques in brain (DeMattos et al., 2002, 

Strozyk et aL, 2003). This hypothesis was further supported by the recent findings 

that increased plaque load with positive Pittsburgh Compound B (PIB) signal in 

PET is associated with lower Ap42 values (Fagan et al., 2006, Fagan et al., 2007). 
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However, contradictory studies also found (Kanemam et al,，2000, Sjogren et al., 

2002). 

In a recent study, the ratio of AP42/ AP40 is significantly decreased in MCI 

patients converting to AD, compared to cognitive stable MCI patients and those 

developing other dementia (Hansson et al,, 2007). The evidence points to the 

usefulness of the AP42/ Ap4o ratio as a predictive biomarker for AD. 

3.2.2.2 Plasma Ap level 

Ap peptide is generated in the CNS and transported to peripheral vascular 

system through blood-brain barrier (Zlokovic, 2004) and also secreted by platelets 

in blood (Chen et al., 1995). Levels of Ap in plasma were influenced by a number 

of factors such as AD-related pathology, age, cerebrovascular disease, liver 

catabolism and renal excretion (Lopez et al., 2008). It has been reported that Ap 

levels in plasma are 100 fold lower than CSF (Scheuner et al., 1996). The early 

cross-sectional studies demonstrated that plasma Ap42 and Ap4o levels are similar in 

AD patients and controls (Fukumoto et a l , 2003，Kosaka et al., 1997, Tamaoka et 

al., 1996), indicating plasma Ap levels may not be a potential diagnostic marker. 

Recent longitudinal studies, however, suggested that plasma AP42 seems to be 

a potential marker for disease progression. Mayeux et al reported that baseline 

plasma AP42 levels were significantly higher in those who developed AD than those 

who did not (Mayeux et a l , 1999, Pomara et al., 2005). Besides, low plasma levels 

of AP42 and AP40 were reported to predict rapid cognitive decline (Locascio et al., 

2008). However, the findings are still inconsistent (Lopez et al., 2008, Hansson et 
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al.，2008). 

In summary, decreased CSF AP42 levels appears to be a potential biomarker in 

distinguishing AD from non-demented controls, but is limited by difficulty in 

differentiating from other dementias. The ratio of AP42/AP40 in CSF has been 

suggested to be superior to each alone in facilitating AD diagnosis. Declining 

plasma AP42 and AP42/AP40 levels may be related to disease progression, but the 

research reports are conflicting. In comparison with CSF, blood is easy to obtain 

and more applicable for routine practice, however, the levels of blood composition 

are affected by various systemic changes and it is still not clear to what extent 

changes in plasma Ap levels could reflect the pathological alteration in the brain. 

3.2.3 Tau proteins 

Another pathological hallmark of AD is the presence of neurofibrillay tangles. 

They consisted of PHF, derived from hyperphosphorylated microtubule associated 

protein tau. At least 30 phosphorylation sites exit on tau protein. In AD brain, tau is 

abnormally hyperphosphorylated and loses the function of binding to microtubules, 

causing cytoskeletal dysfunction, axonal atrophy and synapse loss. Total tau (T-tau) 

and phosphorylated tau (P-tau) are released and can be measured in the CSF. 

3.2.3.1 Total Tau 

T-tau has been widely studied as a diagnostic tool in AD (Blennow and 

Hampel，2003, Blennow, 2004, Galasko, 1998). The most consistent finding is that 

significant increase in CSF t-tau protein in AD. The specificity varied from 65% to 

86%, with the sensitivity varying from 40% to 86% (Blennow et al., 2001). Age 
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was related with t-tau, therefore, the age effect should be considered (Sjogren et al.， 

2001b). 

Elevated t-tau in CSF are also found in other dementias such as VaD, FTD and 

DLB (Sjogren et al , 2001b, Kanemaru et a l , 2000, Blennow and Hampel, 2003). 

CSF t-tau was reported to distinguish AD from other dementia with a sensitivity of 

81% but a specificity of only 57%, indicating that it may not be a marker for the 

distinguishing AD from other dementias (Pametti et al., 2000). 

An increase of T-tau has also been suggested to predict developing AD in MCI 

patients. A recent study has shown that 88% of MCI patients had elevated CSF 

T-tau and/or low CSF Ap42 levels at baseline (Andreasen et al, 2001). Another 

follow up study has found that high baseline T-tau concentration could discriminate 

MCI subjects who developed AD from those who did not with 90% sensitivity and 

100% specificity (Arai et al., 1997). CSF T-tau remained elevated for up to two 

years in mild to moderate AD. 

3.2.3.2 Phosphorylated Tau 

Although there is no doubt that tau phosphorylation differs in AD, there is no 

consensus whether there exist any phosphorylation sites that are unique for AD. 

Several ELISA methods have been developed to specifically detect phosphorylation 

of tau at different epitopes, such as the threonine 181+231, threonine 181, threonine 

231+serine 235, serine 199, threonine 231，and serine 396+404 (Blennow, 2004). 

By using all of these different methods, a moderate to marked increase in CSF P-tau 

has been observed with the mean sensitivity to discriminate AD from non-demented 
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controls is 81%, at a specificity level of 91% (Blennow, 2004). As P-tau is more 

specifically in reflecting the phosphorylation state of tau and subsequent tangles 

formation in AD, it may be more appropriate to differentiate AD from other 

dementias (Buerger et al.，2002b, Sjogren et al., 2001a, Pametti et al., 2001, 

Buerger et al., 2003，Blennow, 2004). 

P-tau may be useful to predict cognitive decline in MCI. A longitudinal study 

showed the CSF P-tau levels were higher in persons with MCI than those in healthy 

controls and high P-tau was correlated with the conversion to clinical AD (Buerger 

et al., 2002a). 

In conclusion, T-tau，as a marker reflecting neuronal degeneration and damage, 

is not specific for AD. P-tau protein, however, is superior to T-tau in distinguishing 

AD because P-tau is more specific in reflecting AD pathology. 

3.2.4 Isoprostanes 

Oxidative stress has been considered as an important event in the pathogenesis 

of AD. Lipid peroxidation (LPO) is one of manifestations in oxidative damage. 

Isoprostanes，as end-products of LPO, has been studied in AD. Isoprostanes is 

generated from peroxidation of arachidonic acid (Morrow and Roberts, 1997), 

circulate in plasma and excreted in urine (Morrow et al., 1992). Several studies 

have found an increased F2-isoprostanes in the frontal and temporal cortex of AD 

compared to control and FTD brains, suggesting a specificity for AD (Pratico et al., 

1998, Yao et a l , 2003b). Other studies have demonstrated the CSF F2-isoprostanes 

levels are elevated in autopsy-verified as well as living individuals diagnosed with 

34 



AD (Grossman et al., 2005, Montine et a l , 1999a, Pratico et al., 2000). The baseline 

increased F2-isoprostanes levels in CSF were reported to distinguish subjects who 

developed AD or MCI with 100% accuracy over one and two years follow-up (De 

Leon et al.，1997, Quinn et al., 2004). CSF F2-isoprostanes has been shown to 

correlate with brain weight, degree of cortical atrophy, as well as dementia severity 

(Pratico et al., 2000). In addition to sporadic AD, elevated levels of F2-isoprostanes 

could also be found in preclinical FAD mutation carriers (Ringman et al” 2008)， 

early Huntington's disease, stroke and meningoencephalitis (Montine et al., 2004, 

Montine et al., 1999b). 

Results have also been more inconsistent with others showing no significant 

change (Feillet-Coudray et al., 1999, Irizarry et al., 2007, Montine et al., 2000, 

Bohnstedt et al., 2003) in AD. The discrepancy may be partly due to different 

selection criteria among studies, because several systemic factors such as smoking 

or other oxidative stress related conditions may affect the peripheral levels of 

F2-isoprostanes (Craig-Schapiro et al., 2009). 

F2-isoprostanes seems to be a useful biomarker in AD, not only in CSF, but 

also in plasma and urine. Additional studies are needed to confirm these results in 

larger cohorts of MCI and AD patients. 

3.2.5 Inflammatory markers 

Inflammatory response is an important component for the pathogenesis and 

progression of the disease. Antichymotrypsin (ACT), one of the serine proteinase 

inhibitors, is colocalized with Ap in senile plaques and plays a pivotal role in 
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inflammation (Abraham et al., 1988). Studies showed that ACT level were 

increased in the brain of AD patients (Abraham et al., 1988) . In terms of CSF and 

serum ACT levels, however，the results are controversial (Brugge et al., 1992, 

Hinds et al., 1994, Harigaya et al., 1995, Matsubara et al., 1990) (Furby et al., 1991, 

Lanzrein et al., 1998, Pirttila et al., 1994). More recent studies with large sample 

size and more homogeneous study subjects, however, have demonstrated an 

increase ACT levels in AD (Licastro et al., 2000) (DeKosky et al” 2003, Engelhait 

et al.，2004, Nielsen et al., 2007). These evidence points to the significance of using 

ACT as a screening marker in AD. Elevated levels of serum or CSF ACT are also 

found in other dementia such as VaD and DLB (Engelhart et al., 2004, Nielsen et al , 

2007), suggesting it may be not an effective instrument to facilitate differential 

diagnosis of AD. 

Other inflammatory related molecules such as cytokines, the soluble 

Interleukia-6 receptor complex (IL-6RC), C-reactive protein (CRP) and CIQ have 

also been investigated in AD. Nevertheless the results are highly inconsistent. The 

discrepancy was found in the studies of candidate molecules including IL6, 

IL-6RC, CRP, CIQ, IL-4, IL-8 and IL-10 (Blum-Degen et al., 1995, Jia et al., 

2005). 

In summary, the results in inflammatory mediators are inconsistent, but they 

have advanced our understanding the role of inflammation in the pathogenesis of 

AD. 
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3.2.6 Homocysteine 

Homocysteine is derived from methionine and could be recycled into 

methionine or converted to cysteine. Folate and vitamin B12 are needed for the 

conversion of homocysteine to methionine (Blennow et al , 1995)，and vitamin B6 

is required for the conversion to cysteine (Leboeuf, 2003). Deficiency of folate, 

vitamin B12 or vitamin B6 may lead to high homocysteine levels (Kabir et al.， 

1994), a risk factor of developing cardiovascular disease, cognitive impairment, AD 

and bone weakness (Sachdev, 2005). It has been reported that plasma homocysteine 

levels greater than 14 umol/L almost doubled the risk of AD (Seshadri et al., 2002). 

In another study, higher levels of homocysteine were associated with cognitive 

decline in older subjects (Morris et al., 2001). But this positive result was denied by 

a large community study with 702 elderly subjects (Kalmijn et al., 1999). Moreover, 

a recent MRI study suggested that increased homocysteine increase the risk of 

cerebrovascular disease independent of AD (Miller et al‘，2002). This may lead to a 

question of whether elevated homocysteine protein increases the risk of AD directly 

or through cerebrovascular disease. 

Homocysteine was also related with cognitive deterioration in MCI patients. A 

three-year follow up study showed that subjects who converted from MCI to AD 

had higher baseline plasma homocysteine levels than non-converters (Gabryelewicz 

et al., 2007); A recent longitudinal study have shown that cognitive intact controls 

who developed AD had a baseline higher plasma homocysteine levels than those 

who developed MCI or those remaining stable (Blasko et al., 2008). 
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Homocysteine seems to be a strong and independent risk factor for 

cardiovascular disease, stroke, cognitive impairment and AD. Elevated levels of 

homocysteine have become an important consideration in risk assessment of AD. 

3.2.7 Markers for cholesterol and lipoprotein metabolism 

Cholesterol metabolism pathway is involved in the pathogenesis of AD. It has 

been hypothesized that enhanced removal of cholesterol occurs in AD brain. 

Researches correlating serum cholesterol with AD have found contradictory results. 

A longitudinal study showed that high serum cholesterol at midlife is a risk factor 

for AD (Notkola et al., 1998). Another 21 year follow-up study also found that high 

midlife cholesterol appears to be a risk factor for more severe cognitive impairment 

in later life (Solomon et al., 2007). However, one population-based study failed to 

find the relationship between cholesterol and AD (Romas et al , 1999). In addition, 

the oxysterols in CSF and serum could be measured as reflection of brain 

elimination of cholesterol. 24S-Hydroxycholestero 1 is one of oxysterols investigated 

in AD. Most studies showed that 24S-Hydroxycholesterol was not an ideal 

biomarker for AD (Papassotiropoulos et a l , 2002b). 

ApoE is another candidate biomarker for AD. It is a major component of very 

low-density lipoproteins (VLDL), and plays an important role in cholesterol 

transport. The levels of ApoE in CSF and serum have been compared between AD 

patients and healthy controls. However, the results are conflicting with some studies 

showing enhancement while others reporting reduction of ApoE levels (Lindh et al., 

1997, Yamazaki et al., 1990, Hesse et al‘，2000). Moreover, the alteration of ApoE 

levels is independent of ApoE4 allele. Taken together, the levels of ApoE in CSF 
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and serum seem not meeting the criteria for a useful AD biomarkers. 

3.2.8 Proteomics 

Proteomics technology provided a high throughout approach to search for 

novel biomarkers in neurodegenerative disorders. It allows for studying the whole 

protein profiling in complex sample mixtures such as CSF and blood as well as the 

proteins functional modification and activities. The accurate quantification also 

allows for the comparison of different proteomes among groups. Over the last 

several years, a growing number of studies have adopted this technology to look for 

biomarkers in AD. 

Finehout et al. have identified a panel of 23 spots in CSF that could be used to 

differentiate AD and non-AD patients with a total sensitivity of 93% and a total 

specificity of 90% (Finehout et al., 2007). These proteins are related to the transport 

of beta-amyloid, the inflammatory response, proteolytic inhibition, and neuronal 

membrane proteins. Other studies have detected more than 100 potential proteins, 

including brain-derived neurotrophic factor (BDNF)，IL-8, vitamin D binding 

protein (VDBP) and apoE, as potential CSF biomarkers for AD (Abdi et al., 2006, 

Zhang et al., 2008). Carrette and his colleagues detected five differentially 

expressed polypeptides in the CSF of AD patients compared to healthy controls. A 

combination of the five polypeptides achieved a specificity of 100% and sensitivity 

of 60% in identifying AD (Carrette et al., 2003). 

Additional proteomics studies in AD have been performed to demonstrate the 

presence of novel biomarkers in plasma or serum. One study have identified several 
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potential plasma biomarkers including, vitamin D-binding protein, heavy 

chain-related protein, cAMP-dependent protein kinase catalytic subunit alpha 1 

(Liao, 2007). Another study has found four potential biomarker peaks that could 

distinguish AD from control subjects and PD by using the serum albumin-bound 

fraction (German et al.，2007). 

Proteomics analysis has also been used to investigate the conversion from MCI 

to AD, but there is limited data at present. Simonsen et al. reported seventeen 

potential protein biomarkers that were differentially expressed in the MCI patients 

who developed AD (Simonsen et al., 2007). In addition, a recent study has utilized 

proteomics methods to evaluate treatment efficacy. They found that a number of 

plasma proteins expression were correlated with the change of ADAS-Cog score in 

rosiglitazone groups compared with placebo (Akuffo et al.，2008). Further 

validation work is still in progress. 

In summary, proteomic analysis, being a discovery driven approach, allows 

for identifying large numbers of novel biomarkers without bias and potentially lead 

to new hypothesis. The new identified biomarkers need to be validated 

independently by different groups to confirm the specificity and sensitivity of 

detected proteins as biomarkers. 

3.3 Genetic biomarkers 

Genetic factors are important in the development of AD. Hence, genetic 

information is considered to be useful in the diagnosis of AD. In familiar AD, 

genetic tests for APP and presenilin gene mutations play a significant role in 
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diagnosis. For Sporadic AD, however, the identification of risk genes is difficult 

because it is a complex disorder with both genetic and environmental etiological 

factors. Moreover, multiple genes with small effects each are likely to contribute to 

the disease development. 

ApoE is the only confirmed risk gene in SAD. However, researches into the 

usefulness of ApoE4 in the diagnosis of AD have achieved low sensitivity and 

specificity, suggesting ApoE genotyping could not be used alone as a diagnostic 

tool. When used in combination with clinical criteria, it may increase the specificity 

of diagnosis (Mayeux et al., 1998). Furthermore, ApoE genotyping are also used in 

clinical trials for balancing risk factors among different groups. 

Apart from ApoE, a series of potential risk genes have been reported in AD by 

hypothesis driven approach (Papassotiropoulos et al., 2002b, Reiman et al., 2007, 

Kawamata and Shimohama, 2002, Miller et al., 2007, Dickerson et al., 2005), but 

the results are difficult to replicate. Recent studies using genome-wide association 

technology have identified several genes in association with the risk of AD. The 

potentials of utilizing these genetic variances as diagnostic tools in AD are 

unknown at this moment. However, the concept of “genetic profiling" that 

incorporating established genetic susceptibility loci into a diagnostic or predictive 

test for AD was proposed with the coming of post-GWAS era (Sleegers et al., 

2010). 
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3.4 Neuroimaging biomarkers 

3.4.1 Structure imaging 

Hippocampal atrophy is the best established structural biomarker for AD, 

particularly for early diagnosis. It has been demonstrated that the atrophy rate is 

3%-7% per year in AD patients while a maximum of 0.9% in age matched controls 

(Raz et al., 2004). Significant atrophy of hippocampus could be identified by MRI 

in preclinical AD and predict later progression with about 80% accuracy (Wang et 

al., 2006, Jack et al , 1999). The advance of automated analysis programs has 

improved the procedures by reducing the measurement time (Csemansky et al., 

2005, Hsu et al., 2002). Although automated programs seem to be superior to 

manual protocols, further validation studies are needed to confirm its application. 

Entorhinal cortex is thought to be affected in the early stage of AD. Studies 

have shown that volumetry of the entorhinal cortex provided a predictive value in 

MCI patients (Hsu et al., 2002, Du et al , 2001), but it may not offer benefit for AD 

patients at late stage (Xu et al., 2000, Teipel et al , 2006). The laborious 

measurement and lack of automated protocols restrict this method for research, 

rather than on clinical development of this biomarker in early diagnosis of AD. 

In addition to manual volumetric methods, various automated data-driven 

methods are being investigated in detecting structure changes in AD and MCI 

subjects such as the whole brain volumetry, voxel-based volumetry (VBM), 

deformation-based morphometry (DBM) and cortical thickness (Teipel et al , 2007, 

Lerch et al., 2008). 
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3.4.2 Functional imaging 

Brain activity changes have been widely investigated in functional magnetic 

resonance imaging (fMRI) studies for the development of a marker of early 

diagnosis of AD. Nevertheless, the results are contradictory partly due to the 

differences in clinical assessment, the types of the tasks and data analysis methods 

across different studies (Dickerson et al.，2005, Celone et al., 2006, Machulda et al.， 

2003, Sperling et al., 2003). Another new approach is to explore the functional 

connection between regions of the activated network. A preliminary study in MCI 

patients has shown widespread changes in functional connectivity of the fusiform 

gyrus to other visual processing areas and areas within the ventral and dorsal visual 

pathways (Bokde et al., 2006). As functional connectivity across activated network 

is considered as an important factor influencing cognitive function, it merits further 

research for seeking novel markers of AD and MCI. 

Positron emission tomography (PET) with 1 Sfluorodeoxyglucose (18FDG) is 

used to study cortical metabolism. This marker still requires well validated and it is 

too expensive for routine practice (Hampel et al., 2008). By using 18FDG-PET, the 

decreased metabolism in temporoparietal (Hoffman et al., 2000, Sakamoto et al., 

2002), posterior cingulate (Minoshima et al., 1997, Nestor et al , 2003), 

hippocampal complex, medial thalamic regions, and mamillary bodies (Nestor et al., 

2003) were observed in AD brain. Additional studies have also found the 

metabolism deficit was an indicative of predicting conversion from MCI to AD 

(Chetelat et al., 2005, Drzezga et al., 2005, Mosconi et al., 2004). 18FDG-PET was 

used in several monocenter studies to demonstrate the effect of cholinergic 

treatment in metabolic pattern of AD patients (Potkin et al., 2001). Recently, novel 
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markers have been developed to image the receptor binding of specific transmitters 

or image acetylcholinesterase activity or image amyloid plaques in vivo by PET 

(Hampel et al., 2008). One of the most extensively studies is using PIB to trace 

amyloid plaques in AD brain. PIB imaging may be suitable for affirming the 

clinical diagnosis of AD in preclinical stage (Jack et al.，2008, Klunk et ah, 2007, 

Pike et al.，2007). Further evaluation of its sensitivity to cognitive changes with 

time still waits validation. 

Another neuroimaging technique named single photon emission computed 

tomography (SPECT) has been utilized to detect decreased regional cerebral 

perfusion in discriminating AD patients from normal controls (Bums et al., 1989, 

Harris et al., 1998, Montaldi et al., 1990) and also in predicting MCI conversion to 

AD (Huang et al., 2007，Borroni et al , 2006). 

In summary, imaging biomarkers have attracted special interests in recent 

years. Hyppocampal volumetry and 18FDG-PET have still stood out as standard in 

the early diagnosis of AD. Automated methods are in progress to explore its 

applicability as biomarkers. The development of functional imaging such as 

amyloid imaging technology has propelled imaging biomarkers to the frontier and 

laid a path to follow in the future. 

3.5 Combination of biomarkers 

As each biomarker has its own distinctive characteristics, a combination of 

different biomarkers may help to optimize the clinical potential in diagnosis and 

disease monitoring. 
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The most investigated combination is the CSF AP42 and tau combination 

(Blennow，2004, Maddalena et al.，2003). Other studies in MCI patients have 

demonstrated the combination of CSF t-tau and the ratio of Ap42/p-taul 81 

significantly predicted the conversion to AD (Hansson et al., 2006). The 

AP42/p-taui8i ratio has also been found useful in the differential diagnosis of AD (Le 

Bastard et a l , 2009, Chen LM et al., 2009). Besides, recent studies have shown that 

a combination of amloid imaging by PIB-PET or hippocampal volumetry by MRI 

with CSF Ap and tau has been proposed as the best predictive model at different 

disease stages (Forsberg et al.). Further validation studies are in progress to test 

their effectiveness. 

Research into biomarkers improves specificity of early diagnosis, and also 

enhances understanding of pathogenesis of AD. CSF panel of Ap42, t-tau and p-tau 

proteins come closest to fulfilling the criteria for a useful biomarker. The 

combination among different panels of biomarkers may be informative in the 

comprehensive evaluation of disease process. 
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Chapter 4 Project approach 

4.1 Development of research hypotheses 

Numerous efforts have been made to look for predictive markers for AD. 

However, there are few (other than ApoE4) that are confirmed as risk factors in AD 

or MCI. AD, as a complex and heterogeneous disease, results from the interaction 

of environmental and genetic factors. Although there is a genetic predisposition for 

the development of AD, gene polymorphisms are inborn and do not reflect recent 

changes in the body. If there are other risk factors that could reflect body response 

to both static (inherited) and dynamic (environmental) changes, they may be more 

applicable for AD, a complex disorder with multifactorial nature. 

Gene expression profiling allows for reflection of acute/current cellular 

activities and body response in a summative way. Previous studies have reported 

differential gene expression in AD brain. The altered regulation involved in several 

processes includes apoptosis, inflammatory response, mitochondria function, and 

synaptic plasticity. However, it is impossible to obtain brain tissues in a clinical 

setting. Peripheral blood cells seem to be a potential surrogate tissue. Recent studies 

in AD and other psychiatric disorders revealed that some of the gene expression 

signature happening in brain is also reflected by activities of peripheral blood cells 

(Sullivan et al., 2006, Liew et al‘, 2006). Also, expression profiling of blood has 

been found potentially clinical useful in various immune and neurological diseases 

(Tang et al , 2004, Tang et al , 2005), therefore, I would like to explore the potential 

of expression profiles as a peripheral marker for AD, a disease with neurological 

and immunological interaction. Cognitive performance and neuropsychiatric 
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assessment were used as phenotypes, because quantitative traits may provide more 

information than simply using affection status as phenotypes and thus provide more 

statistical power to detect small polygenic effects. MCI, as an at risk state between 

normal aging and early dementia, was recruited in the study in consideration that 

the information may provide a better understanding of the mechanisms involved in 

clinical progression of AD. 

4.1.1 Literature review on transcriptional profiling in AD 

To evaluate the molecular events associated with the mechanisms of AD 

pathogenesis, gene expression profiling (transcriptome) allows an overview of 

simultaneous activity of genes in multiple cellular pathways in AD. Also, altered 

gene expression pattern, if validated, has great potential to develop a 

signature-gene-set marker for clinical application. Microarray-based gene 

expression profiling provided a powerful tool for rapid and high-throughput 

measurement of gene expression on a genome-wide scale and represented an 

unbiased method for exploring novel candidate genes in disease pathogenesis. 

Gene expression profiling was analyzed directly on postmortem brain tissues 

of AD patients (Loring JF et al.，2002, Yao et al., 2003a). Despite it is difficult to 

compare microarray data across studies, the general conclusion from these and 

other studies is that AD brains are up-regulated in genes involved in inflammation 

and apoptosis and down-regulated in synaptic plasticity, signal transduction and 

gene transcription (Pasinetti, 2001, Hata et al., 2001). 

However, gene expression profiles for the brain tissues cannot be 

47 



accomplished during life and the possibility of postmortem RNA degradation may 

confound the interpretation of results in brain. Hence, several studies attempted to 

analyze gene expression pattern in peripheral blood cells derived from AD patients. 

Blood cells are easier to obtain and have a reasonable correlation in gene expression 

with brain. One earlier study, using cDNA microarray on lymphocytes of AD 

patients and age matched controls, has identified 20 differentially expressed genes 

related to immune response, apoptosis and blood pressure regulation, with the 

deduction of defensin and a -2c-adrenoceptor genes confirmed by real-time 

RT-PCR (Kalman et al., 2005). Another group has found major up-regulated 

functions in AD blood mononuclear cells are apoptotic and inflammation while 

down-regulated functions are cytoskeletal maintenance, cellular trafficking, cellular 

stress response, redox homeostasis, transcription and DNA repair (Maes et al., 

2007). A recent study has investigated the profile of 33 genes expression levels in 

whole blood by quantitative real-time RT-PCR and five genes showed a tendency 

of correlation to MMSE score (Grunblatt et al., 2009). These results confirmed that 

some of the features / signature of gene expression profiles happening inside the 

brain could be found by analysis of peripheral blood cells. 

Extensive studies have been conducted to explore gene expression profiling 

in the transgenic animal model of AD (Wu et al., 2006，Reddy et al., 2004, Dickey 

et al., 2003，Selwood et al., 2009). Animal models harboring knock-in mutations in 

genes encoding APP，presenilins or tau may exhibit the development of AD 

pathologies, such as amyloid deposition, neurofibrillary tangles and synapse loss. 

Analysis in transgenic animal model showed that regulated genes are implicated in 

calcium homeostasis, cholesterol transport and uptake, inflammation and 
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mitochondria energy metabolism (Reddy et al., 2004, Dickey et al., 2003, Selwood 

et al., 2009). 

More recent microarray experiments have focused on single cell or 

population cell gene expression analysis in AD. Single cell / population cell RNA 

analysis minimize the contamination of other cell subpopulations and is more 

applicable for brain tissue analysis, because brain are composed of diverse neuronal 

and nonneuronal cells. Two methods including laser capture microdissection (LCM) 

and microaspiration were commonly used to separate target cells from the rest of 

tissue section (Ginsberg et al., 2004), At the present, research into single-cell 

expression profiling in AD is still limited. Analysis of NFT-bearing and 

SPs-bearing CAl neurons as well as cholinergic basal forebrain (CBF) neurons 

(Ginsberg et al., 2000, Mufson et al., 2002, Ginsberg et al., 1999) indicated that 

single cell/population cell transcriptional analysis pattern may be more informative 

than patterns from regional tissues. 

In summary, transcriptional profiling analysis in AD have demonstrated 

numerous dysregulation events associated with AD and revealed underlying 

mechanisms of neuronal degeneration. However, whether the identified genes 

represent a consequence and compensatory response or the cause of the disease still 

remains elusive. Corroborating with genetic information and proteomic may 

provide a more global picture of biological process in the future. 

4.1.2 Consideration on gene expression profiling in leukocytes 

Several groups have reported a high degree of correlation between gene 
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expression profile of peripheral blood cells and brain (Sullivan et al., 2006, Rollins 

et al., 2010，Liew et al., 2006). Liew et al demonstrated peripheral blood cells (PB) 

shared more than 80% of the transcriptome with each of the nine tissues, including 

brain, colon, heart, kidney, liver, lung, prostate, spleen and stomach (Liew et a l , 

2006). Sullivan et al found that blood gene expression was significantly similar to 

multiple CNS tissues, especially several regions of importance in neuropsychiatry 

including prefrontal cortex, amygdala (Sullivan et al., 2006). A number of 

neurotransmitter, inflammation cytokines and corresponding receptors have been 

found expressed in both neuronal cells and peripheral blood cells, indicating a 

bi-direction communication between blood cells and central nervous system 

(Gladkevich et al., 2004). Further, blood cells come into contact with every cell in 

the body and its expression signature may reflect body's response to various 

physical, pathological and environmental changes (Liew et al., 2006). 

Alteration of peripheral gene expression signatures has been demonstrated in 

a wide range of diseases, including hypertension, chronic fatigue disease, cancer, 

neuronal injuries, juvenile arthritis, and transplantation (Liew et al., 2006). More 

recent studies have reported that neuropsychiatric disorders, such as schizophrenia, 

bipolar disorder and Huntington's disease could be distinguished by specific PB 

gene expression profiles (Tsuang et al., 2005, Borovecki et al., 2005). Others 

studied PB transcriptome in AD, neurofibrobmatosis, epilepsy, Parkinson disease 

and Down syndrome (Tang et al., 2004，Tang et al., 2005, Gmnblatt et al•，2009). 

In previous studies of association between PB transcriptome and neurological 

disease, three major blood components were analyzed, including (1) whole blood 
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sample on PAXgene tube, by Trizol and (2) leukocytes after lysis of RBC and (3) 

peripheral blood mononuclear cells (PBMC) separated by gradient centrifugation. 

In general, handling of whole blood would be easier and closer to routine clinical 

setting, but the inclusion of red cell RNA is associated with high noise and reduced 

responsiveness in transcriptome analysis (Debey et al., 2004，Feezor et al., 2004). 

Study of PBMC also gain an insight into the transcriptome of PB cells, however, 

excessive procedure for isolation of mononuclear cells may involve a time delay 

before RNA stabilization and lead to a gene expression changes not related to the 

disease status or clinical response under study (Whitney et al., 2003). Leukocytes, 

as a mixture of mononuclear cells and neutrophil-rich fraction, are easily obtained 

in the layer of buffy coat between sedimented red blood cells and the plasma after 

centrifugation. Leukocytes expressed various cytokines, neurotropic factors, and 

receptors for neurotransmitters and hormones, which undergo the same regulatory 

mechanisms as those in the brain (Hori et al., 1991). Moreover, mRNA expression 

profiling derived from leukocytes was demonstrated to be more responsive than 

those from whole blood due to the absence of hemoglobin mRNA (Feezor et al., 

2004). Hence, peripheral leukocytes may be a potential surrogate tissue to reflect 

changing in the brain. 

4.1.3 Bioinformatic approach based target genes selection (Diagram 

4.1 and Table 41) 

In this study, target genes are selected based on the bioinformatic approach. 

964 differentially expressed genes in AD were identified from published dataset 

(Maes et al., 2007，Kalman et a l , 2005, Colangelo et al., 2002). 2183 Alzheimer's 

related genes list were generated by GeneCards website and SABioscience AD 
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array. Both two genes lists produced an overlapping of 134 differentially expressed 

genes in AD. These genes were further selected based on the criteria of previously 

reported differentially expressed in AD brain or transgenic model ^ 2 times 

(Blalock et al., 2004，Dickey et al.，2003, Reddy et al., 2004, Emilsson et al., 2006, 

Chano et al., 2007). From the 44 surviving genes, we selected 10 genes that are 

highly expressed in both brain and blood (Gene Expression Omnibus) (Diagram 

4.1). Additional two genes SNX2 and CNR2 were recently reported to be 

upregulated in peripheral blood of AD patients and showed a tendency to correlate 

with MMSE score (Grunblatt et al., 2009). Both genes are highly expressed in both 

blood and brain. In the present study, 12 candidate genes were selected to be 

validated by quantitative real-time RT-PCR (Table 4.1). 
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Diagram 4.1 The diagram for bio-informatics approach to gene selection 
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Table 4.1 A list of 12 candidate genes selected to be examined by QRT-PCR 

Gene symbol Gene name Chromosome Function by oncology 

CTSB Cathepsin B 8p22 Apoptosis, 
Endopeptidase activity 

CTSD Cathepsin D l lpl5.5 Apoptosis, 
Endopeptidase activity 

DDT D-dopachrome tautomerase 22qll.23 Immune response, 
Melanin biosynthesis 

ITPKB Inositol 1,4,5-trisphosphate 
3-kinase B 

lq42.13 Calmodulin binding, 
Inositol phosphate 

metabolism 
PINl Peptidylprolyl cis/trans 

isomerase, 
NIMA-interacting 1 

19pl3 Isomerase activity, Cell 
cycle 

TSCl Tuberous sclerosis 1 9q34 Brain development, 
Cell proliferation 

NRDl Nardilysin Ip32.2-p32.1 Cell proliferation 

UQCRCl Ubiquinol-cytochrome 
creductase core protein I 

3p21‘3 Mitochondria electron 
transport 

NDUFA6 NADH dehydrogenase 
(ubiquinone) 1 alpha 

subcomplex, 6 

22ql3.2-ql3.31 Mitochondria electron 
transport 

GSTM3 Glutathione S-transferase 
mu 3 

lpl3.3 Detoxification, 
Antioxidative stress 

SNX2 Sorting nexin 2 5q23 Protein transport 

CNR2 Cannabinoid receptor 2 lp36.11 Immune response, 
Synaptic transmission 
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4.1.3.1 CTSB gene 

Cathepsin B (CTSB) is a lysosomal cysteine proteases presented in lysosomes. 

The protease is recognized as a multi-functional enzyme involved in diverse 

biological processes, including proteins turnover, antigen processing and 

presentation, cleaving of membrane-bound proteins, as well as degradation of the 

extracellular matrix and tissue remodeling (Turk et al.，2000). In addition, the 

protease is implicated in various pathological conditions, such as tumorigenesis, 

bone disorder, and pancreatitis (Watson and Kreuzaler, 2009, Halangk et al.，2000, 

Hopwood et al., 2009). Recent studies have also identified CTSB as a novel 

p-secretase for the production of Ap42 in AD brain (Hook et al., 2008). 

CTSB gene is located on chromosome 8p22 and spans more than 27 

kilobases (Fong et al.，1992). The gene was reported to have 13 exons and at least 

five alternative transcript variants have been found. Increased expression and/or 

activity of CTSB have been found in various kinds of tumors (Vasiljeva et al , 2006, 

Watson and Kreuzaler, 2009). In addition, CTSB, as an alternative P-secretase for 

production of p amyloid peptide in AD has been demonstrated recently (Hook et al., 

2008). In comparison with BACE-1 and CTSD, the dominant p-secretases for 

cleaving mutant Swedish site of APP in constitutive secretory pathway, CTSB 

efficiently cleaves the wide-type P-secretase site in regulatory secretory pathway. 

Inhibitors of CTSB improved memory and reduced Ap in transgenic AD mice 

expressing the wide-type P-secretase site of APP and suggested the potential of 

using such inhibitors in AD therapeutics. Decreased mRNA expression of CTSB 

was observed in PBMC of AD patients (Maes et al., 2007) but increased in 

hippocampus (Blalock et al., 2004). CTSB was also essential in mediating different 
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models of apoptosis by activating caspases and/or inducing mitochondria 

dysfunction (Hwang et al., 2009, Yan et al , 2009). Evidence showed that CTSB 

may function as a mediator of neuronal death induced by AP-activated 

inflammatory response (Gan et al., 2004). All these findings suggested the role of 

CTSB in the pathogenesis of AD. 

4.1.3.2 CTSD gene 

Cathepsin D (CTSD) is a soluble lysosomal aspartic endopeptidase synthesized 

in rough endoplasmic reticulum as preprocathepsin D and targted to lysosomes as 

procathepsin D and finally activated as mature CTSD through complex proteolytic 

cleavage process (Hasilik and Neufeld, 1980). In addition to the function of protein 

degradation, CTSD was shown to involve in multiple physical and pathological 

functions. Studies on CTSD knock-out mice revealed that CTSD is not essential for 

embryonic development but is reqired for postnatal tissue homeostasis (Benes et al., 

2008). Mutations that inhibiting CTSD activity cause neuronal ceroid lipofuscinosis 

(NCL) characterized by severe neurodegeneration, developmental regression, visual 

loss and epilepsy (Awano et al., 2006). Some studies reported that CTSD directly 

trigger apoptosis, while others demonstrated that it may act as a mediator of 

apoptosis (Benes et al., 2008). 

Numerous studies have demonstrated the importance of CTSD in various 

pathological processes including cancer, AD and atherosclerosis (Thorpe et al , 

1989，Cataldo et al., 1995, Duran et al., 2007). Here we focused on reviewing the 

biological relevance of CTSD in AD. CTSD was demonstrated to be an P-secretase 

as BACE-1, and CTSD is 280-fold more abundant in human brain than BACE-1 

56 



(Hook et al.，2008). In addition, CTSD has been implicated in the processing of 

ApoE and tau protein (Kenessey et al , 1997, Zhou et al., 2006). An downregulation 

of CTSD mRNA was observed in PBMC of AD patients (Maes et al., 2007). The 

gene encoding CTSD is located in the short arm of chromosome 11 (1 lpl5.5) and 

polymorphisms have been associated with the risk of AD (Papassotiropoulos et al., 

2002a, Riemenschneider et al., 2006, Davidson et al., 2006). However, a recent 

meta-analysis has shown that the CTSD gene polymorphisms is not a major risk 

factor for AD on a population level (Ntais et al., 2004). The exact mechanism of 

CTSD in the pathogenesis of AD still awaits further investigation. 

4.1.3.3 DDT gene 

D-dopachrome tautomerase (DDT) is an enzyme that converts D-dopachrome 

into 5,6-dihydroxyindole. This protein is shown to be related to the migration 

inhibitory factor (MIF) in terms of sequence, enzyme activity and structure. Both of 

DDT and MIF genes were located on chromosome 22 (Weiser et al., 1989). MIF is 

a cytokine originated from activated T-lymphocytes and macrophage, and plays a 

pivotal role in response to inflammatory stimuli (Bucala, 1994). It was speculated 

that DDT may participate in a process of inflammatory reactions and immune 

responses. Few studies showed that DDT was involved in the biosynthesis of 

melanin, which has bioactivity as an antioxidant (Hung et al., 2006). In addition, 

5,6-dihydroxyindole produced by DDT is a precursor of melanin showing 

bioactivity as antioxidant (Heiduschka et al., 2007). 

Growing evidence supported the role of MIF in the pathogenesis of AD. In 

APP transgenic mouse model, MIF was found in microglia cells in association with 
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A(3 plaques. Functional studies demonstrated that Ap induced cytotoxicity could be 

reversed by inhibitor of MIF (Bacher et al.，2010). A marked increase of MIF levels 

was found in the CSF of AD and MCI patients (Popp et al., 2009). As the homology 

of MIF, DDT may act closely with MIF. 

4.1.3.4 ITPKB gene 

Inositol 1,4,5-trisphosphate 3-kinase B (ITPKB) is a calcium-dependent inositol 

kinase，phosphorylating the 3’ position of the inositol ring to convert inositol 

1,4,5-trisphosphate (IP3) to inositol 1,3,4,5-tetrakisphosphate (IP4). IP3 is essential 

for triggering the release of calcium from both the intracellular stores and 

extracellular space (Joseph et a l , 1984). Studies in mice lacking ITPKB have 

demonstrated the importance of ITPKB in B cell and T cell development, selection 

and activation (Miller et aL, 2007). ITPKB also mediate B cell survival through 

controlling proapoptotic Bim gene expression (Marechal et al., 2007). Alteration of 

ITPKB may lead to increased conversion of IP3 to IP4 affecting calcium 

homeostasis in the cells and severe T cell deficiency in mice (Pouillon et aL, 2003). 

Intracellular calcium dysregulation is one of early pathological events in AD. 

However, the molecular mechanisms involved in the alteration of calcium signal 

have not been identified yet. Transcriptional profiling studies in AD brain and 

peripheral blood have found that ITPKB was downregulated (Emilsson et al., 2006, 

Maes et al., 2007), indicating the underlying processes regulated by ITPKB in 

initiating calcium deregulation in AD. 
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4.1.3.5 PINl gene 

The peptidyl prolyl cis/trans isomerase PINl specifically binds phosphorylated 

Ser/Thr-Pro proein motifs and catalyzes the cis/trans isomerization of the peptide 

bond. Isomerization by PINl modulates protein folding，biological activity，stability， 

and localization of its substrates and subsequently regulates the factors involved in 

the control of cell proliferation, apoptosis and inflammation (Takahashi et al., 2008). 

Various transcription factors and regulators have been identified as substrates for 

PINl, including AP-l，/>53，p73, ARE-binding proteins et al. Due to a large number 

of substrates, PINl is considered to involve in multiple biological processes, 

including the regulation of cell cycle, cell signaling and response to DNA damage 

(Lu et al., 1996, Zhou et al., 1999). Moreover, PINl is also associated with 

pathological conditions, such as cancer, AD and asthma and represents an attractive 

therapeutic target. 

Growing evidence suggested that PINl is overexpressed in various tumors and 

its overproduction correlates with poor clinical outcome (Bao et al., 2004, Ayala et 

al., 2003). In contrast, PINl knockout in mice or cancer cells supress tumor or cell 

grow by inhibiting certain oncogenic pathways (Wulf et al., 2004, Ryo et al., 2005). 

These and other results (Lu, 2003, Lu et al., 2006) indicated PINl play a pivotal 

role in cancer development. 

On the other hand, the downregulation of PINl is associated with the increased 

risk of AD (Liou et a l , 2003). PINl interacts with phosphorylated Thr-231 of tau 

and promotes its dephosphorylation, restoring tau's activity to bind microtubules 

(Zhou et al., 2000). Decreased levels of PINl may impair dephosphorylation of tau 
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and failed to restore its biological activity. PINl also binds with APP at 

phosphorylted Thr-668 and regulates its metabolism (Akiyama et aL, 2005). 

Overexpression of PINl has been shown to reduce Ap production and PINl 

deficiency leads to a significant increase in PAPPs and AP42 (Pastorino et al.，2006, 

Balastik et al , 2007). Moreover, the findings of PINl knockout mice presenting 

tauopathy and neurodegeneration also suggested that PINl might protect against tau 

hyperphosphorylation and NFT formation (Liou et al., 2003). Recent studies found 

that the levels or activity of PINl were decreased in the brains of AD patients 

compared with control (Lu et al., 1999). In addition, gene polymorphisms of PINl 

have been reported to be associated with reduced PINl levels and increased risk of 

AD (Wijsman et al.，2004, Segat et al , 2007). 

PINl isomerase activity is regulated by its posttranslational modifications, 

including phosphorylation and oxidation. Studies found that PINl was subjected to 

oxidative modification in the hippocampus of MCI and AD patients (Sultana et al.’ 

2006, Butterfield et al., 2006). It was hypothesized that oxidative modification of 

PINl which inhibits the enzyme activity may be a major driving force for the 

initiation or progression of AD pathogenesis. 

4.1.3.6 TSCl gene 

Tuberous sclerosis 1 (TSCl) gene, located on chromosome 9q34, encodes a 

130-Kda protein hamartin. Hamartin binds TSC2-encoded protein tuberin to form a 

functional heterodimer (van Slegtenhorst et al., 1998). Mutations in TSCl or TSC2 

could cause an autosomal dominant disorder of tuberous sclerosis complex (TSC). 
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The neurological manifestations of TSC include infantile spasms, intractable 

epilepsy, cognitive disabilities, and autism (Astrinidis and Henske, 2005). 

TSCl or TSC2 encoded proteins modulate cell function via the mTOR 

signaling cascade and serve as key messengers in regulating cell growth and 

proliferation (Rosner et al., 2008). In the brain, TSCl and TSC2 have been 

implicated in cell body size，dendritic arborization, axonal outgrowth and targeting, 

neuronal migration and spine formation (Rosner et a l , 2008). In AD, hamartin may 

function as an integrator of the neuronal intermediate filament and the actin 

cytoskeletal network (Haddad et al.，2002). Tuberin levels were found to be 

decreased in the brain tissues of AD patients (Ferrando-Miguel et al., 2005). In 

addition, the alteration of mTOR signaling has been reported in AD brain, and the 

mTOR signaling activities were also correlated with MMSE scores in AD subjects 

(Lafay-Chebassier et al., 2005). Recent study showed that unbalanced TSCl 

abundance may be associated with mTOR signaling repression and neuronal 

atrophy (Chano et al., 2007). 

4.1.3.7 UQCRCl gene 

Ubiquinol-cytochrome-c reductase core protein 1 (UQCRCl) is a component 

of the ubiquinol-cytochrome c reductase complex (complex III), which is part of the 

mitochondrial respiratory chain. The mitochondria complex III catalyzes transfer of 

electrons from coenzyme QH2 to ferricytochrome c with the coupled translocation 

of protons across the mitochondrial inner membrane. 

Overexpression of UQCRCl was documented to affect mitochondrial 
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morphology and physiology, leading to mitochondrial dysfunction 

(Johnston-Wilson et al., 2000). In animal model for Rett syndrome, UQCRCl 

overexpression correlated positively with neurological symptom severity and a 

reduction in respiratory efficiency (Kriaucionis et al., 2006). In humans, UQCRCl 

was upregulated in AD peripheral blood and mood disorders brains but 

downregulated in schizophrenia (Prabakaran et al., 2004, Johnston-Wilson et al., 

2000). In addition, it is highly expressed in breast and ovarian tumors (Kulawiec et 

a l , 2006). 

4.1.3.8 NRDl gene 

Nardilysin (N-arginine dibasic convertase，NRDl or NRDc) is a 

metalloendopeptidase that functions cleave peptides such as dynorphin-A, 

somatostatin-28, ct -neoendorphin and glucagons (Chesneau et al , 1994). It may 

also enhance the ectodomain shedding of a wide range of membrane proteins, 

including APP, TNF- a and heparin-binding EGF-like growth factor (HB-EGF) 

(Hiraoka et a l , 2007，Hiraoka et al.，2008，Nishi et al , 2006). As the process of 

ectodomain shedding is essential for the activation of specific receptors, cytokines 

and growth factors, NRDl was considered involved in a wide spectrum of 

physiological and pathological processes. 

NRDl seems to play specific roles in neuronal development based on the 

observation that it is predominantly expressed in fetal placenta, heart and brain, but 

highly expressed exclusively in neural tissues with the development of mouse 

(Fumagalli et al., 1998). NRDl deficient mice had impaired motor activities and 

cognitive deficits with smaller brains and a thin cerebral cortex, suggesting the role 
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of NRDl in regulating axonal maturation (Ohno et al,, 2009). Further, as a new 

receptor for HB-EGF, NRDl was found to promote cellular migration, proliferation 

and neurogenesis (Nishi et al., 2001, Jin et al., 2002). Finally, NRDl is involved in 

reducing the Ap production by regulating a -secretase activity in cultured cells, 

suggesting it may be targets for AD (Hiraoka et al, 2007). More recent study 

showed that NRDl coexists and interacts with brain-specific protein p42IP4 

(Bernstein et al., 2007). The protein p42IP4 was previously reported to be highly 

expressed in neurons and plaques of AD patients (Reiser and Bernstein, 2002, 

Reiser and Bernstein, 2004). 

4.1.3.9 NDUFA6 gene 

Oxidative stress is considered as the major event in the pathogenesis of AD. 

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 6 (NDUFA6) is subunit 

of the mitochondrial membrane respiratory chain NADH dehydrogenase (Complex 

I). Complex I catalyze transfer of electrons from NADH to the respiratory chain 

(Ton et al., 1997). Recent study showed that NDUFA6 gene silencing induces 

apoptosis of HIV-infected cells and its overexpression reduces apoptosis (Ladha et 

al., 2005). Microarray studies showed an upregulation of NDUFA6 in PBMC of AD 

patient's compared to controls (Maes et al., 2007), suggesting that oxidative 

damage is implicated in the development of AD. 

4.1.3.10 SNX2 gene 

SNX2 gene on chromosome 5q23 encodes sorting nexin 2, a member of the 

sorting nexin family. SNX2 is a component of the retromer complex and involved 
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in intracellular trafficking. The retromer complex functions as retrieving lysosomal 

enzyme receptors to the trans-Golgi network and processing of the amyloid 

precursor protein (Seaman, 2005), Human retromer comprised three proteins, 

including Vps26, Vps29, and Vps35, plus SNXl and SNX2. Moreover, SNXl and 

SNX2 are essential for retromer structure and function (Rojas et al., 2007). 

Recent study showed that SNX2 was increased in peripheral blood of AD 

subjects and inversely correlated with MMSE score. Another studies found 

downregulation of VPS35 and VPS26 can regulate Ap levels in cultured cell and 

retromer deficiency in mice caused hippocampal dysfunction, neurodegeneration 

and AP accumulation (Muhammad et aL, 2008, Small et al., 2005). 

4.1.3.11 CNR2 gene 

Cannabinoids generally refer to a group of secondary metabolites in the 

cannabis plant, which exert the major pharmacological effects of the cannabis. 

Endogenous cannabinoids are produced in the bodies of humans and animals. 

Cannabinoids have a wide range of central and peripheral effects by interacting 

with cannabinoid receptors, including CNRl and CNR2 (Lambert and Fowler, 

2005). CNRl are mainly expressed in the CNS, wherever CNR2 are primarily 

located in peripheral immune cells (Munro et al., 1993). In the brain, CNR2 are 

widely distributed in microglia, blood vessels but not neurons (Cabral et al., 2008). 

Cannabinoids induce psychoactive effects mainly through CNRl，but recent studies 

indicated the potential role of CNR2 as therapeutic targets in the treatment of AD, 

depression, anxiety disorder, neuropathic pain (Benito et al., 2003, Hill and 

Gorzalka, 2009, Cheng and Hitchcock, 2007). 
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CNRl and CNR2 were found colocalized in senile plaques with the activation 

of microglia in brain of AD patients. The nitration of both receptor proteins is 

significantly enhanced suggesting the alteration of function may occur in AD 

pathogenesis. Administration of mixed CNR1/CNR2 cannabinoid receptor agonist 

to mice protected against Ap induced microglia activation, cognitive impairment 

and neuronal loss. In culture cells，selective CNR2 agonist also counteracted Ap 

stimulated microglia activation (Ramirez et al.，2005). Recent studies reported that 

gene expression of CNR2 was changed in brain tissues and blood of AD patients 

(Grunblatt et al., 2009，Gnmblatt et al., 2007). Further, the transcript levels showed 

tendency to inversely correlate with the MMSE score (Gnmblatt et al., 2009), The 

role of CNR2 in the neuroprotective effects of cannabinoids has attracted special 

interests. 

4.1.3.12 GSTM3 gene 

Glutathione S-transferases (GSTs) are identified as a family of detoxification 

enzymes, protecting against oxidative stress and chemical stress induced by 

peroxidised lipids, xenobiotics and toxins (Hayes and Pulford, 1995). The 

cytoplasmic GSTs are composed of eight classes, including alpha, kappa, mu, 

omega, pi, sigma, theta and zeta and GSTM3 belonging to mu class (Hayes et al., 

2000). The mu class proteins function in defensing against oxidative stress, 

carcinogens, and environmental toxins. Gene encoding GSTM3 is located on 

chromosome lpl3.3 and known to be highly polymorphic (Tetlow et al., 2004). 

Mutations in GSTM3 gene were found to increase the risk of cancer, hypertension 

and AD (Hong et al.，2009，Golka et al., 2008，Singh et al.，2008，Delles et al., 
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2008). 

Numerous studies have attempted to investigate the role of GSTs in the 

oxidative damage of AD pathogenesis. Lovell et al. have found that GSTs activity 

decreased in AD amygdala, hippocampus, and parietal lobe with accentuating of 

oxidative burden (Lovell et al., 1998). Other studies showed a significant reduction 

in transcript levels of GSTM3 in AD hippocampus and PBMC (Blalock et al., 2004, 

Maes et al , 2007). GSTM3 subunit, as the second most abundant GST subimit in 

brain, received special attention with the evidence that it accumulated in plaques 

and tangles in AD affected hypocampal region (Tchaikovskaya et al., 2005). In 

addition, functional mutations in GSTM3 have been reported to alter protein 

expression/activity and increased the risk of AD in Caucasians (Maes et al.，2010， 

Tetlow et al., 2004, Hong et al., 2009). Although it is still not clear whether the 

alteration of GSTM3 is an initiating event contributing to disease pathology or the 

consequence or response to the damage condition in AD, the role of this enzyme is 

essential for the redox pathophysiology of AD. 

66 



4.2 Research objectives and hypotheses 

Research Objectives: 

Based on those candidate genes selected above, the present project aims to 

explore the following objectives: 

i) To identify genes that are differently expressed in AD and MCI 

ii) To find sets of expression gene biomarkers that would be useful in the 

classification of AD and MCI 

iii) To identify gene markers that are associated with the clinical 

phenotypes of AD, including cognitive and NP symptoms. 

Research hypotheses are formulated and set as follow: 

i) There would be differences in expression profiles between AD, MCI 

and NC for the candidate genes investigated. 

ii) Expression gene markers would be able to differentiate between AD, 

MCI and NC groups. 

iii) Gene markers would be associated with clinical phenotypes of AD. 
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Chapter 5 Methodology 

5.1 Study samples 

AD and MCI subjects were recruited from the psychogeriatric services, 

residential homes and social centers of older persons from the New Territories East 

region of Hong Kong. Subjects with normal cognition were recruited from the same 

centers for comparison. All subjects were examined by a qualified psychiatrist for 

clinical diagnosis of dementia. Severity of cognitive impairment was assessed by 

using Clinical Dementia Rating (CDR) (Hughes et al., 1982). Subjects were invited 

for participation if they satisfied the recruitment criteria as detailed in the following 

section. 

5.1.1 Inclusion and exclusion criteria 

For inclusion criteria, subjects with AD had to satisfy the NINCDS-ADRDA 

criteria for possible or probable AD (McKhann et al,, 1984). MCI patients had to 

meet the criteria as follow: presence of subjective memory complaints, a delayed 

recall of list learning scoring at =< 1.5 SD compared to educational matched 

subjects with CDR 0, and a global CDR of <1. Cognitively intact controls should be 

assessed clinically with CDR of 0. To obtain a more homogeneous group of 

subjects with AD, only those who were aged over 65 at onset were recruited. Three 

groups of subjects were also required to be ambulatory and active, capable of 

understanding instruction for assessment and living with an informant who could 

give reliable collateral history for behavior assessment. In addition, all the subjects 

had to be of Chinese ethnicity. 
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For exclusion criteria, subjects with a history of head injury, or with known 

neuropsychiatric disorders apart from AD, were excluded. Subjects with an unstable 

physical condition, including unstable diabetes mellitus, poorly controlled 

hypertension, dysregulation of thyroid and other endocrine functions, known 

vitamin B12 and folate deficiency, sepsis, neurosyphilis and other chronic illness 

affecting cognitive function were also excluded. Significant sensory deficits are 

regarded as exclusion criteria as well. Written informed consent was obtained from 

the subjects and/or their caregivers and this study was approved by the institutional 

ethical review board. 

5.1.2 Blood sample processing 

Peripheral blood (12ml) was collected into two EDTA tubes. The blood 

samples were separated into plasma, buffy coat and red blood cells (RBCs) layers 

by centrifugation at 4000 rpm for 10 minutes. Plasma was discarded and RBCs 

were ruptured with lysis buffer (1,6 mM EDTA, 10 mM KHCO3 and 153 mM 

NH4CI, PH 7.4). Each mixture was centrifuged at 6500 rpm for 5 minutes to yield a 

pellet of leukocytes. The total genomic DNA was extracted from the pellet of 

leukocytes by DNA extraction kit according to manufacturer's instruction (Roche, 

U.S.). RNA was extracted with TRIzol Reagent based on manufacturer's instruction 

(Invitrogen; Carlsbad, CA). 
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5.2 Assessment tools 

5.2.1 Clinical staging 

Clinical Dementia Rating (CDR) was used to evaluate the severity of AD. The 

CDR is standard instrument for the diagnosis and evaluation of the overall level of 

severity of dementia (Hughes et ai., 1982, Morris et al.，2001). It is a five-point 

scale to characterize six domains of cognitive and functional performance, 

including memory, orientation, judgment & problem solving, community affairs, 

home & hobbies and personal care (Morris, 1993). The overall CDR comprises five 

stages of severity, ranging from normal cognition to severe dementia. A CDR of 0 

represents normal cognition; a CDR of 0.5 represents questionable dementia; a 

CDR of 1 represents mild dementia; a CDR of 2 represents moderate dementia; a 

CDR of 3 represents severe dementia. Postmortem examination and multicenter 

studies have demonstrated good reliability and validity of the CDR (Morris et al., 

1997, Morris et al , 1988). 

5.2.2 Cognitive assessment 

5.2.2.1 Cantonese version of the Mini-Mental State Examination 

(MMSE) 

The MMSE is a widely used tool for the screening of cognitive impairment. It 

is a brief 30-point questionnaire test examining orientation, memory, attention, 

language, and construction skills. Since its introduction by Folstein (Folstein et al., 

1975), the MMSE has been validated in different population and across different 
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centers. In Hong Kong, a validated Cantonese version has been developed and the 

cutoff score for dementia is adjusted according to educational levels (Chiu HFK et 

al‘，1994). For subjects having received two or more years of education, the cutoff 

score is 22; for subjects with 1 to 2 years of education, the cutoff score is 20; for 

subjects with no formal education, the cutoff score is 18 or below (Chiu et al., 

1998). In this study, the MMSE was assessed in AD, MCI and NC groups to 

estimate the global cognitive function. 

5.2.2.2 Chinese version of the Alzheimer's disease Assessment 

scale-Cognitive subscale (ADAS-Cog) 

The Alzheimer's disease Assessment Scale cognitive subscale (ADAS-Cog) is 

a popular test designed for the evaluation of cognitive deficits in subjects with AD 

and is a relatively sensitive indicator of dementia progression (Rosen et al., 1984). 

The ADAS-Cog has also become a standard instrument used to demonstrate 

cognitive efficacy in AD drug clinical trials (Mohs et al., 1983). The ADAS-Cog is 

composed of subscales that examine list learning, delayed recall, naming, ideational 

apraxia, construction, and recognition. The total possible score is 70, with 

increasing scores indicating a greater severity of impairment. A locally validated 

Chinese version for the screening of subjects with AD has been developed (Chu et 

al., 2000) and adopted to assess cognitive function in the present study. 

5.2.2.3 Delayed recall of list learning test 

The test was used to examine episodic memory function. The subjects were 

read a list of ten words three times for immediate recall as part of the ADAS-Cog 
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test. After 10 min, the subjects were asked to recall the word list (delayed recall). 

5.2.2.4 Category verbal fluency test (CVFT) 

Verbal fluency tests are widely used as a measure of executive functions and 

language, and can also be used to evaluate semantic memory. The CVFT has been 

modified and validated in Hong Kong, showing a useful screening tool for dementia 

in Chinese elderly. For CVFT used in the study, subjects were asked to generate 

examples in three categories of living objects in one minute. The categories were 

‘animals，，‘fruit,, and 'vegetables'. The number of examples that were generated in 

three categories was combined to form a CVFT score (Mok et al‘，2004, Chiu HF et 

a l , 1997). 

5.2.3 Behavior and NP assessment 

Neuropsychiatric Inventory (NPI) is a tool for assessment of behavior and NP 

disturbances in patients with dementia and other neuropsychiatric disorders. It has 

been widely used because it covers a broad range of symptoms and shows good 

reliability and validity. The Chinese version of NPI has been validated in Hong 

Kong (Leung et al., 2001). 

The NPI is based on a semi-structure interview with a caregiver who is 

familiar with the patient. It comprises 10 groups of NP symptoms and 2 groups of 

neurodegenerative symptoms. The symptoms groupings are delusions, 

hallucinations, aggressivity, depression, anxiety, euphoria, apathy，disinhibition, 

irritability, aberrant motor behavior, night-time behaviors and appetite disturbances. 

For each group, a screening question is asked to if the behavioral change is present 
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or absent. If the answer is positive, the group is explored with the more specific 

sub-questions. If the sub-questions confirm the screening question, the severity and 

frequency of the behavior are determined according to the criteria provided for each 

symptom group and a symptom core computed from the product of severity and 

frequency. The maximum score for each symptom group is 12 and the maximum 

NPI score is 144. 

5.2.4 Medical comorbidity assessment 

Growing evidence suggested that medical comorbidity plays an important 

role in modulating the onset and progression of dementia. High prevalence of 

medical comorbidity is observed in AD patients and the presence of medical 

comorbidity is correlated with greater cognitive impairment (Doraiswamy et al , 

2002). In the present study, a questionnaire with a physical illness checklist was 

used to document the number of medical conditions in all subjects. As a global 

indicator, the total numbers of medical comorbidity in three groups were compared. 

5.2.5 ApoE genotyping 

ApoE genotyping was performed by polymerase chain reaction (PGR) and 

subsequent restriction fragment length polymorphism (RFLP). Genomic DNA was 

subjected to PGR with the following primers: 5'-GCA CGG CTG TCC AAG GAG 

CTG CAG GC-3’ and 5'-GGC GCT CGC GGA TGG CGC TGA G-3，. PGR 

reaction was carried out in a total volume of 25ul comprising lOmM of each primer 

pair, 2mM MgCh, 0.6 unit AmpliTaq Gold DNA polymerase (Applied Biosystems, 

USA), 0.2mM dNTP and PGR reaction buffer (lOmM Tris-HCL, PH 8.3; 50mM 

KCL). Samples were denatured at 96°C for 15 minutes followed by 35 cycles of 
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96°C for 30 seconds, 5 4 f o r 45 seconds and 72°C for 30 seconds, and then a final 

extension at 7 2 f o r 7 minutes. The amplified product of 246 bp was digested with 

5 units of Hhal (New England Biolabs, UK) and then electrophoresed on 12% 

polyacrylamide non-denaturing gel with ethidium bromide. 

5.2.6 Gene expression validation by Quantitative real-time PCR 

5.2.6.1 RNA extraction 

Total RNA was extracted by TRIzol reagent according to manufacturer's 

instruction (Invitrogen; Carlsbad, CA). After lysing cell pellet with 1 ml TRIzol 

reagent at room temperature (RT) for 5 minutes, 0.2ml bromochloropropane (BCP, 

Sigma-Aldrich) was added in the tube. The samples were shaken for 15 seconds and 

incubate them at RT for 3 minutes. Subsequently samples were centrifuged at 

11500 g for 15 minutes at 4°C. Following centrifugation, the upper aqueous phase 

were transferred and the RNA precipitated by mixing with 0.5 ml isopropyl alcohol. 

Samples were incubated at RT for 10 minutes and centrifuged at 11500g for 10 

minutes at 4°C. The supernatant were removed and the RNA pellet was washed 

with 1 ml of 75% ethanoL Samples were mixed by vortexing and centrifuged at 

7300g for 5 minutes at 4�C. The supernatant were removed and the RNA pellet was 

air dried. RNA were dissolved in RNase-free water and incubated for 10 minutes at 

58°C. 

The quantity of RNA was determined by absorption at 260 nm. Purity of the 

total RNA was evaluated by the 260/280 nm ratio with values between 1.7 and 2. 

Integrity and quality of each RNA sample were estimated by visualization of clear 
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18S and 28S ribosomal RNA bands and the 28S band was two times bright as 18S 

after electrophoresis of 1 |ag RNA in 1.5 % agarose gel. 

5.2.6.2 cDNA synthesis 

After treated with DNase (Turbo DNA-free Kit, Ambion), RNA was reversed 

transcribed to cDNA by using High Capacity cDNA Reverse Transcription Kit 

(Applied Biosystems). Each reverse transcription run included five RNA samples 

without adding reverse transcriptase. A serial dilution of reference cDNA generated 

from a normal blood RNA pool. 

5.2.6.3 Quantitative real-time PCR 

Real-time PCR was performed with LightCycler 480 SYBR Green I Master 

(Roche, U.S) on 96 well iCycler thermal cycler (Bio-Rad Laboratories). Primers 

that flank the exon-exon junctions were designed by PrimerS and shown in Table 

5.1. Relative expression of target genes was normalized against normalization 

factor and determined by efficiency corrected Ct model (Pfaffl, 2001): ratio= (Etarget) 

ACPtarget (cahbrator-sample)/ ( ^ � � � 體 � � ) ( e a h b r a t � r - s a m p l e ) normalization faCtOF for Cach 

sample was calculated as geometric mean of relative quantities of three 

house-keeping genes GAPDH, RPS18, RPLll . CP value of calibrator sample was 

calculated by the standard curve equation for an assigned concentration for each 

gene. Standard curve of CP versus concentration was plotted to get the efficiency 

for each PCR reaction. This efficiency (E) can be obtained by the formula l(r^"si�pe)� 

acceptable range 1.8-2.2. Each PCR run included a no-template control and a 

sample without reverse transcriptase. All measurements were performed in 

duplicate and averaged Ct value obtained was used for calculation. PCR products 

75 



were electrophoresed on 4% agarose gel to confirm only one gene-specific 

amplicon is amplified. 
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Table 5.1 Forward and reverse primers of each gene used for QRT-PCR 

Forward pr imer Reverse pr imer 

CTSB 5，-ggacaagcactacggatacaa-3, 5 '-ggtacactcctgacttgtagagca-3 ’ 

CTSD 5 '-ctggaccaggtggaggtg-3， 5，-ggatcatgtactcgccctga-3， 

DDT 5 '-ctccatcctgggcaaacct-3 ‘ 5 '-actacgccgatggaggagat-3， 

I T P K B 5 '-cctgtgtgatggactgcaag-3 ’ 5 '-ggtccacctcgatcatcttc-3 ‘ 

P I N l 5 '-ctggtgaagcacagccagt-3 ‘ 5 '-ctcccgacttgatcttctgg-3 ‘ 

T S C l 5'-caagcacctcttttgccttc-3 ‘ 5 '-caagcacctcttttgccttc-3， 

U Q C R C l 5，-tggctttcaagggaacaaag-3， 5 ‘ -ccacagctttcggcagat-3 ’ 

N R D l 5 '-cttgatagatgggcgcagtt-3 ’ 5 ‘ -aggccttgcaagttgatattc-3， 

NDUFA6 5'-ccgaacactgtgcaccaa-3 ‘ 5 ‘-cgatctttcccttaatgacca-3， 

SNX2 5 '-tggaaagttcagagctgccta-3 ‘ 5 ’ -ttttcttcaaaccatgcatcc-3 ’ 

CNR2 5 '-caacacaacccaaagccttc-3, 5 ‘ -ctgtcttctggggaccactc-3 ‘ 

GSTM3 5'-ccgaacactgtgcaccaa-3， 5 ‘-cgatctttcccttaatgacca-3， 

G A P D H 5 '-tgcaccaccaactgcttagc-3 ‘ 5 '-ggcatggactgtggtcatgag-3 ’ 

R P L l l 5 '-ttccaaagctagatacactgtcaga-3 ’ 5 '-ccgcacctttagacccttct-3 ‘ 

RPS18 5，-gaggatgaggtggaacgtgt-3， 5 '-tcttcagtcgctccaggtct-3 ‘ 
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5.2.6.4 Quality control 

Amplification efficiency for each primer pair was determined using a serial 

dilution of reference cDNA generated from a normal blood RNA pool to ensure that 

values were within linear range. Between-batch variation coefficient was 

determined by assaying the standard dilution with lowest concentration in 12 plates, 

and within-batch variation coefficient was determined by assaying the standard 

dilution with lowest concentration 20 times in a single plate. In our study, the PCR 

efficiencies of target genes ranged between 1.8 and 2.2. The between-batch and 

within-batch CV are 2.5-5.6% and 0.8-2.9% respectively. 

5.2.7 Statistical analysis 

5.2.7.1 Sample size estimation 

Sample size was estimated by taking the potential difference of relative 

expression in CTSB between AD and NC. Among the candidate genes selected in 

the present study, CTSB was reported to be differentially expressed in peripheral 

blood with the minimum difference of 1.2 fold between AD and normal controls 

(Maes et al.，2007). The estimated difference suggested that total 200 subjects will 

have 90% power in detecting difference of 1.2 fold at a two-sided 0.05 significance 

level. Post-hoc power analysis was also reported in the Results section to illustrate 

the study power of subjects recruited. 

5.2.7.2 Statistical analysis 

The data was analyzed with the Statistical Package for Social Science for 
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windows, version 16.0. Continuous variables were compared with ANOVA or t-test, 

categorical variables were compared with chi-square test. Data with skewed 

distribution were analyzed with non-parametric tests. Logistic regression was 

adopted to analyze the predictive effect of gene expressions in the development of 

disease after adjustment for age, sex, education level, total CNPI score and ApoE4 

status. Receiver operating characteristics (ROC) curves was constructed to evaluate 

the discriminative power for each gene. Linear regression analysis was performed 

to investigate the influence of each gene expression on cognitive and NP profiles 

after adjustment for age, education level, sex, total CIRS score and ApoE4 status. 

Bonferroni correction was adopted to adjust for multiple testing. A p value of <0.05 

was considered significant. 

5.2.7.3 Classification and gene biomarker selection 

In order to optimize the combination of gene biomarker panel in producing the 

better predictive model, genes were selected based on two steps. Firstly, 

differentially expressed genes were selected based on Kmskal-Wallis test result 

(p<0.05). To get more conserved (small) gene feature sets, genes identified in the 

first step were further selected by backward conditional logistic regression in 

discriminating between AD and NC subjects. The final selected genes were set up 

as a gene biomarker panel. The binary diagnostic variable Y (control, 0; AD，1 or 

control, 0; MCI, 1 or MCI, 0; AD, 1) was considered as a dependent variable, 

expression ratios of each selected gene of the biomarker panel were identified as 

covariables. When P is defined as the probability of a sample diagnosed as “AD，，or 

"MCI", the function of Logit (P) is defined as following: Logit/^=ln(P/(l-P))= 

^o+/)7Ratioi +62Ratio2+^iRatio5+ +ftnRation. Regression coefficients {^iJ were 
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determined by Maximum-likelihood fitting method. ROC curve analysis was 

performed to evaluate the discriminatory power of gene combination in 

discriminating AD versus NC, MCI versus NC or AD versus MCI respectively. 

Sensitivity, specificity, positive and negative predictive values were calculated at 

different cut-off thresholds of Logit (P) value. 

5.2.7.4 Cross validation 

10-fold cross validation was adopted to assess the prediction accuracy of 

5-gene biomarkers panel in our data. The samples were randomly divided into ten 

equal subsets. One from each of the ten subsets was left out in turn for evaluation of 

classification accuracy as a testing set, while the other nine training subsets were 

used as inputs to the classification model. This process was repeated 1000 times. 

The median and 95% confidence interval of AUC were calculated. 
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Chapter 6 Results 

The results are summarized in three parts. In the first part, the demographic 

and clinical profiles were analyzed and compared among three groups. In the 

second part, gene expression levels were compared among AD, MCI and NC 

groups and genes were selected to optimize the combination of gene biomarkers 

panels in discriminating three groups. The third part, the association between each 

gene expression, cognitive and NP profiles was investigated in AD group. 

6.1 Clinical profiles 

6.1.1 Demographic characteristics (Table 6.1) 

96 subjects with AD (87.5% women; mean age in years = 82.9, SD=6.0; range 

=66-96; Education in year =1.1, SD=2.4; range = 0-11)，145 subjects with MCI 

(64.1% women; mean age in years =75.1，SD=8.2; range = 59-97; Education in year 

=3.5, SD=4.0; range = 0-16) were recruited in the study. Among the AD patients, 

78 (81.2%) were suffering from mild dementia (CDR=1) and 18 (18.8%) were 

moderate dementia (CDR=2). 167 NC subjects (55.1% women; mean age in years 

=70.1, SD=7.1; range = 60-97; Education in year =6.6，SD=4.7; range = 0-18) were 

recruited. There are significant differences in gender，age, and education level 

among the three groups (Gender, Pearson 七 = 2 8 . 8 , df 2, p <0.001; Age, ANOVA, 

F=93.5, df 2, pO.OOl; Education level, Kruskal-Wallis test, ^ 二 106.7, df 2， 

p<0.001). Further comparative studies in gender, age, and education level between 

any two of three groups showed there was significant differences (Gender, Pearson 

test, P<0.05; Age, t-test, P<0.05; Education level, Mann-Whitney U test, p<0.05). 
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Table 6.1 Demographic characteristics of the AD, MCI and NC groups 

A D M C I NC Differences p-value 

Sex (F/M) 84/12 93/52 92/75 X2 =28.8 <0.001 

Age in years (SD) 82.9 (6.0) 75.1 (8.2) 70.1 (7.1) F=93.5 <0.001 

Education (years) 1.1 (2.4) 3.5 (4.0) 6.6 (4.7) X2 =106.7 <0.001 
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6.1.2 Cognitive profiles (Table 6.2) 

The mean (SD) MMSE score for AD，MCI and NC groups were 16.52 (3.56), 

24.13 (2.80) and 27.39 (2.17) respectively. For the total ADAS-Cog score, the mean 

(SD) were 27.83 (7.29), 15.57 (5.57) and 8.56 (3.80) in three groups. The mean (SD) 

delay recall of list learning test were 0.76 (1.30) in AD subjects, 3.30 (2.37) in MCI 

subjects and 6.29 (2.04) in NC group. The mean (SD) combined CVFT score was 

18.40 (7.20) in subjects with AD, 29.37 (7.20) in MCI and 36.36 (7.79) in NC 

group. There are significant differences in cognitive profiles among the three 

groups (Kruskal-Wallis test, p<0.001). 
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Table 6.2 Cognitive profiles of AD, MCI and NC groups 

M M S E * 

ADAS-Cog Total 

Delayed recall* 

C V F T * 

A D M C I NC Z2 p-value 

16.52 (3.56) 24.13 (2.80) 27.39(2.17) 249.31 <0.001 

27.83 (7.29) 15.57 (5.57) 8.56 (3.80) 242.05 <0.001 

0.76(1.30) 3.30 (2.37) 6.29 (2.04) 207.47 <0.001 

18.40(7.20) 29.37 (7.20) 36.36 (7.79) 173.92 <0.001 

M M S E , Mini-Mental State Examination; ADAS-Cog, Alzheimer's disease Assessment 
scale-Cognitive subscale; Delay recall, Delay recall o f list learning test; CVFT, Category verbal 
fluency test, 
*Kmskal-Wal l is test, pO.OOl 
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6.1.3 Profile of Neuropsychiatric symptoms (Table 6.3) 

NP symptoms were evaluated by using the Chinese version of the NPI. The 

score of "Delusions" (Kruskal-Wallis test, x2=13.11, p=0.001), “Apathy” 

(Kruskal-Wallis test, x2=26.77, pO.OOl)， "Aberrant motor behavior" 

(Kruskal-Wallis test, x2二6.97，p=0.031) and total CNPI score (Kruskal-Wallis test, 

X2二 16.22，p<0.001) were significantly different among the three groups. 
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Table 6.3 Profile of NP symptoms in AD, MCI and NC groups 

NPI scores A D M C I NC X2 P-value 

Delusions* 0.13(0.47) 0.01 (0.08) 0.05 (0.70) 13.11 0.001 

Hallucinations 0(0) 0,01 (0.08) 0.02 (0.23) 0.58 0.747 

Aggressivity 0.09 (0.45) 0.04 (0.35) 0.05 (0.48) 1.97 0.374 

Depression 0.45(1.22) 0.38(1.38) 0.23(1.01) 3.53 0.171 

Anxiety 0.29(1.11) 0.22 (0.72) 0.26 (0.88) 1.45 0.484 

Euphoria 0.02 (0.21) 0.03 (0.25) 0 (0 ) 3.33 0.189 

Apathy* 1.01 (1.97) 0.33 (0.86) 0.18(0.87) 26.77 <0.001 

Disinhibit ion 0.05 (0.26) 0.01 (0.08) 0.02 (0.19) 2.33 0.312 

I r r i tab i l i ty 0.13 (0.70) 0.09 (0.47) 0.36 (0.03) 1.77 0.413 

Aberrant motor behavior* 0.23 (1.11) 0.06 (0.53) 0(0) 6.97 0.031 

Abnormal night-t ime behavior 0.33(1.01) 0.32(1.16) 0.25 (0.73) 0.14 0.930 

Appetite disturbances 0.11 (0.88) 0.02 (0.19) 0.04 (0.35) 0.46 0.795 

Total CNPI score* 2.86 (4.80) 1.51 (3.78) 1.12(3.61) 16.22 <0.001 

*Kruskal-Wall is test, p<0.05 
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6.1.4 Medical comorbidity 

A cumulative illness rating scale (CIRS) with a physical illness checklist was 

used to document the number and severity of medical conditions in all subjects. The 

mean (SD) of CIRS total score in AD, MCI and NC groups are 2.56 (2.19), 2.34 

(2.16) and 1.93 (1.86) respectively. The total CIRS score of AD subjects were 

higher than that in NC subjects (Mann-Whitney U test, z= -2.16，p=0.029). 

6.1.5 ApoE gene polymorphisms (Table 6.4) 

90 AD, 135 MCI subjects and 153 NC were genotyped with ApoE 

polymorphisms. The frequency of E4 allele (2/4，3/4 and 4/4 genotype) in AD 

group was 10,0%�higher than that in NC group (7.1%), but the difference did not 

reach statistical significance (Pearson x2 = 1.30, df 2, p=0.522). Neither was found 

between MCI group and NC group (Pearson x2 = 4.47, df 2, p=0.107). 
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Table 6.4 ApoE allele distribution in AD, MCI and NC groups 

A D M C I NC X2 p-value 

E2 allele 21 (11.7) 28 (10.4) 36(11.6) 

E3 allele 141 (78.3) 209 (77.4) 252 (81.3) 4.53 0.339 

E4 allele 18(10.0) 33 (12.2) 22 (7.1) 
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6.2 Validation of gene expression diagnostic potential in AD and 

MCI 

6.2.1 Comparative analysis between gene expression levels of AD, 

MCI and NC groups (Table 6.5 and Figure 6.1-6.3) 

Seven genes were found differently expressed between AD and NC group, 

with upregulation of CTSB (Mann-Whitney U test, z= -4.48, p<0.001), CTSD 

(Mann-Whitney U test, z= -4,77，p<0.001), DDT (Mann-Whitney U test, z= -2.63， 

p=0.009), TSCl (Mann-Whitney U test, z= -2.64, p=0.008) and UQCRCl 

(Mann-Whitney U test, z= -5.94, p<0.001), and downregulation of ITPKB 

(Mann-Whitney U test, z= -4.14, pO.OOl) and PIN 1 (Mann-Whitney U test, z= 

-2.64，p=0.008) in AD patients. Two genes expression levels were found increased 

in MCI group compared with NC group, including CTSB (Mann-Whitney U test, 

z= -3.31, p=0.001), CTSD (Mann-Whitney U test，z= -2.04, p=0‘041). In addition, 

an upregulation of CTSD (Mann-Whitney U test, z= -2.67, p=0.008), UQCRCl 

(Mann-Whitney U test, z= -3.90, p<0.001), NRDl (Mann-Whitney U test, z= -2.00, 

p=0.046) and downregulation of ITPKB (Mann-Whitney U test, z= -3.14, p=0.002) 

were observed in AD subjects in comparison with MCI group. 

The expression levels of NDUFA6, SNX2, CNR2 and GSTM3 were not 

significantly different between AD, MCI and NC groups. Post-hoc power analyses 

showed that the present sample, with 89 AD and 145 NC, was able to detect the 

smallest difference of 1.11 fold change in SNX2 gene at a significance level of 0.05 

with a satisfactory power of 95%. 
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Table 6.5 Relative gene expression levels in AD, MCI and NC groups 

Relative expression 

(SD) A D M C I NC X2 p-value Up/down 

regulation 

CTSB* 料 2.86 (6.53) 1.84 (3.32) 1.32 (4.45) 22.78 <0.001 up 

CTSD*# 么& 0.50 (0.32) 0.41 (0.43) 0.32 (0,39) 22.41 <0.001 up 

0.71 (0.70) 0.86(1.22) 0.74(1.23) 6.55 0.038 up 

I T P K B * 秘 0.36(1.73) 0.73 (2.21) 0.88(1.79) 17.97 <0.001 down 

0.45 (0.95) 0.66(1.36) 0.69 (0.97) 7.12 0.029 down 

TSC1*# 1.42(2.25) 1.10(1.60) 1.25(3.05) 7.04 0.030 up 

U Q C R C l *她 0.44 (0.38) 0.33 (0.51) 0.21(0.30) 34.74 <0.001 up 

N R D l ^ 0.62 (0.51) 0.57 (0.69) 0.53 (0.46) 4.26 0.119 up 

NDUFA6 0.39 (0.59) 0.55 (0.74) 0.78(1.13) 0.07 0.968 

SNX2 0.34 (0.87) 0.34 (0.37) 0.38 (0.49) 3.22 0.322 

CNR2 0.35 (0.66) 0.28 (0.33) 0.27 (0.53) 3.41 3.414 

G S T M 3 0.63 (0.97) 1.21 (3.91) 0.56 (1.03) 3.26 3.260 

*Kruskal-Wal l is test, p<0.001 
^Mann-Whitney U test, between A D and N C group, p<0.05 
^Mann-Whitney U test, between M C I and N C group, p<0.05 
&]VIann-Whitney U test, between M C I and A D group, p<0.05 

90 



NC AD 

TSCL 

p=0. 00 

NC AD 

Fig 6.1 Differentially expressed genes levels between AD and NC groups 

CTSB 

p<0. oc 



UQCRCL 

p < 0 . 0 0 ] 
35 

2_5 

ITPKB 

p < 0 . 0 0 1 

NC AD 

PINl 

p = 0 . 0 0 

NC AD 

92 

R
e
l
a
t
i
v
e
 

N( 



Fig 6.3 Differentially expressed genes levels between AD and MCI groups 
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Fig 6.3 Differentially expressed genes levels between AD and MCI groups 

NRDL 

p=0. 046 

ITPKB 

p=0. 002 

MCI AD MCI AD 

94 



6.2.2 Logistic-regression analysis of gene expression with clinical 

variables 

Logistic regression analysis showed that expression level of any single gene 

was not significant contributor to AD or MCI after adjusting for confounding 

factors of age, gender, education level, ApoE4 status and the total CIRS score 

(p>0.05). Age (Odds ratio>l，p<0.001) and education level (Odds ratio<l, p<0.001) 

were associated with AD or MCI. 

6.2.3 Classification using gene biomarkers (Table 6.6, 6.7 and 6.8) 

The expression levels of 12 genes were compared among the NC, MCI and 

AD groups (Table 6.5). Significant differences were found in seven genes including 

CTSB (Kruskal-Wallis test，x2=22,77, p<0.001), CTSD (Kruskal-Wallis test， 

X2=22A1, p<0.001), DDT (Kruskal-Wallis test, x2=6,55, p<0.038)，ITPKB 

(Kruskal-Wallis test, x>17.97，p<0.001), PINl (Kruskal-Wallis test, x 2 = 7 , 1 2 , 

p=0.029), TSCl (Kruskal-Wallis test, x 2 = 7 . 0 4 , p=0.030), and UQCRCl 

(Kruskal-Wallis test, x2=34.74, p=0.029). The expression levels of these seven 

genes were further analyzed by backward conditional logistic regression and five 

genes including, DDT, ITPKB，PINl, TSCl and UQCRCl were selected as the 

optimal gene features in discriminating AD and controls (Table 6.6). Then the five 

genes were set up as a 5-gene biomarker panel. 

ROC analysis of expression data for each of five genes resulted in AUC value 

between 0.36-0.72 to classify AD, MCT and NC (Table 6.7)‘ To evaluate the 

discriminatory power of the biomarker combination, logistic regression analysis 
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was analyzed for the relative expression levels of these five genes. The best 

combination equation can be formulated in discriminating between AD and NC as 

fo l lowing: logi t (P)=ln(P/( 1 -P))=-0.865+1 .264RDDT- 1.1 45RITPKB- 1 .465RPINI+0.20 1 

RTSCI +1.643RUQCRCI. Between MCI and NC, the equation was formulated as 

following:logit(P)=ln(P/(l-P))= -0.433+0.258RDDT-0.258RITPKB-0.189RPINI+0.076 

RTSCI+0.734RUQCRC! • Between AD and MCI, the combination equation was shown 

as following: logit(P) = ln(P/(L-P))= -0.502+0.458RDDT-1.361RITPKB-0.259RPINI+ 

0.161 RTSC 1+0.751 RUQCRCI • The AUC for the 5-gene biomarkers panel in 

differentiating between AD and NC, between MCI and NC, between AD and MCI 

were 0.79 (95% CI, 0.72-0.86; pO.OOl)，0.61 (95% CI, 0.53-0.69; p二0.007) and 

0.68 (95% CI, 0.60-0.76; p<0.001) respectively (Table 6.7, Fig 6.4-6.6). The 

sensitivity, specificity, positive and negative predictive values were calculated in 

classifying two conditions of AD, MCI and NC subjects at different cut-off of 

Logit(P) value (Table 6.8). 
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Table 6.6 Variables selected in the final step of backward logistic regression 

steps B S.E Wald Sig. Exp(B) 95% C I 

DDT 1.28 0.42 9.47 0.002 3.60 1.59-8.14 

I T P K B -1.08 0.61 3.16 0.076 0.34 0.10-1.12 

P I N l -1.60 0.78 4.17 0.041 0.20 0.04-0.94 

T S C l 0.19 0.11 2.89 0.089 1.21 0.97-1.51 

U Q C R C l 1.60 0.50 10.13 0.001 4.96 1.85-13.30 
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Table 6.7 AUC of each gene and 5-gene biomarker panels used for logistic 

regression 

A D vs NC M C I vs NC A D vs M C I 

AUC AUC AUC 
(95% CI ) (95% CI) (95% CI) 

DDT 0.62 0.55 0.56 
(0.54-0.70) (0.47-0.63) (0.48-0.64) 

I T P K B 0.36 0.48 0.38 
(0.29-0.44) (0.40-0.56) (0.30-0.46) 

P I N l 0.40 0.45 0.45 
(0.32-0.48) (0.37-0.53) (0.36-0.53) 

T S C l 0,62 0.54 0.58 
(0.51-0.70) (0.46-0.62) (0.50-0.66) 

U Q C R C l 0.72 0.56 0.65 
(0.65-0.80) (0.48-0.64) (0.57-0.73) 

5-gene panel 0.79 0.61 0.68 
(0.72-0.86) (0.53-0.69) (0.60-0.76) 
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Table 6.8 Sensitivity, specificity, positive and negative predictive values at different 

logit (P) cut-off value in classify AD, MCI and NC subjects by 5-gene panel 

Cut-of f Sensitivity 
% 

Specificity 
% 

Positive predictive 
value % 

Negative predictive 
value % 

0.457 76.8 78.1 73.3 81.1 

A D vs NC 
0.464 

0.486 

74.4 

70.7 

81.9 

86.7 

76.3 

80.6 

80.4 

79.1 

0.516 67.1 86.7 79.7 77.1 

0.576 58.5 87.6 78.7 73.0 

0.486 51.5 67.6 60.0 59.7 

0.491 50.5 72.4 63.3 60.8 

M C I vs NC 0.505 42.4 76.2 62.7 58.4 

0.510 39.4 78.3 62.9 57.7 

0.518 36.4 81.9 65.5 57.7 

0.439 73.2 57.6 58.8 72.2 

0.468 72.0 65.7 63.4 73.9 

A D vs M C I 0.496 61.0 73.7 65.8 69.5 

0.531 50.0 76.8 64.0 65.0 

0.550 39.0 78.8 60.4 60.9 

99 



DO-
D O 04 06 

1 - Spec i f ic i ty 

Fig 6.5 Discrimination power of 5-gene biomarkers panel between M C I and NC 

(Threshod: Logit(P)=0.505, sensitivity: 42,4%�1-specif ici ty: 23.8%) 

100 

0 0-
0 0 0 2 04 0 6 0 8 1 0 

1 - Specificity 

Fig 6.4 Discrimination power o f 5-gene biomarkers panel between A D and NC 

(Threshod: Logit(P)=0.486, sensitivity: 70.7%, 1-specificity: 13.3%) 

ROC Curve 

/ 

ROC Curve 

6
 
4
 

o
 o
 

M
!
>
!
J
!
S
U
 
助

 s
 

A
3
!
A
 
妥

 S
U
0
W
 



Fig 6.6 Discrimination power o f 5-gene biomarkers panel between A D and M C I 

(Threshold: Logit(P)=0.496, sensitivity: 61.0%, 1-specificity: 26.3%) 
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6.2.4 Cross validation 

10-fold cross validation of our data in 1000 times showed that the medians of 

5-gene biomarkers panel in discriminating AD from NC, MCI from NC and AD 

from MCI were 0.77 (95%CI: 0.69-0.84), 0.59 (95%CI: 0.52-0.65) and 0.65 

(95%CI: 0.57-0.73) respectively. 
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6.3 Association between gene expression and cognitive and NP 

profiles in AD 

6.3.1 Gene expression levels and cognitive profiles in AD group 

(Table 6.9) 

Linear regression analysis for all 12 genes on each cognitive score were 

conducted after adjustment for age，sex, education levels, total CRIS score and 

ApoE4 status. Two genes including ITPKB (Linear regression, p=0.021) and 

NDUFA6 (Linear regression, p=0.011) showed a tendency to correlate with MMSE 

score. CTSD showed a tendency to correlate with ADAS-Cog score (Linear 

regression, p=0.049). After making Bonferroni correction, only expression level of 

NDUFA6 were still significantly associated with MMSE score. 
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Table 6.9 Regression coefficients and p-value of linear regression analysis between 

cognitive profiles and each gene expression in AD group 

M M S E 

coefficient p 

ADAS-Cog 

coefficient 

Delayed recall 

coefficient p 

CVFT 

coefficient 

CTSB -0.01 0.945 -0.19 0.247 -0.04 0.825 -0.03 0.847 

CTSD -0.12 0.532 0.43 0.049 -0.33 0.150 -0.24 0.226 

DDT 0.05 0.816 -0.10 0.646 0.26 0.275 0.29 0.150 

I T P K B -0.55 0.021 0.16 0.515 -0.18 0.512 -0.07 0.752 

P I N l 0.19 0.361 0.17 0.446 0.09 0.704 -0.17 0.416 

T S C l -0.08 0.644 0.04 0.839 -0.13 0.487 0.01 0.977 

U Q C R C l 0.18 0.490 -0.26 0.367 0.29 0.356 0.21 0.449 

N R D l -0.02 0.895 0.22 0.274 -0.07 0.730 0.02 0.933 

NDUFA6 0.51 0.011* -0.20 0.360 0.21 0.373 0.13 0.529 

SNX2 -0.49 0.070 0.24 0.415 -0.14 0.649 -0.10 0.724 

CNR2 0.09 0.547 -0.03 0.835 -0.02 0.897 -0.07 0.655 

GSTM3 0.01 0.966 -0.20 0.427 -0.16 0.555 -0.33 0.159 

Adjusted for age, sex, 
model, *p<0.02 

education year, CIRS total score, ApoE4 status in multiple linear regression 
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6.3.2 Gene expression levels and NP profiles in AD group (Table 

6.10) 

Linear regression analysis for all 12 genes on each subsymptom score and total 

CNPI score were conducted after adjustment for age, sex, education levels, total 

CRIS score and ApoE4 status in AD group. Since none of the AD subjects have 

reported the symptom of "Hallucination", the score of "Hallucination" could not be 

performed with linear regression. Several genes expression levels showed a 

tendency to correlate with NP subsymptom score and total CNPI score, however, 

after adjusting for multiple testing, the expression levels of TSCl were associated 

with the score of "Delusion". DDT expression levels were significantly associated 

with the score of "Depression". CTSD, DDT and UQCRCl expression were 

associated with the score of "Aberrant motor behavior". For total CIRS score, the 

significant correlation was found in DDT gene (Linear regression, P<0.005). 
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Chapter 7 Discussion 

AD is a complex disorder resulting from the interplay of genetic and 

environmental factors. Multiple genes with small effects are likely to contribute to 

the onset and progression of the disease. The heterogeneity nature in etiological 

factors and pathological mechanisms presented a diagnostic and therapeutic 

challenge of AD. Current diagnosis of AD depends on the combination of clinical, 

neuropsychological, and imaging assessments�being identified until the patients 

have apparent clinical symptoms. However, early intervention is a key to successful 

management of AD. From this perspective，additional disease markers would be of 

great value as diagnostic tools aiding in early detection of AD, as well as prediction 

of incipient Alzheimer's disease. 

This thesis presented the findings of a cross-sectional study of the gene 

expression profiling in AD, MCI and controls and explored the potential of using 

gene expression as peripheral biomarkers for early diagnosis of AD. Combined 

gene expression biomarkers were shown to improve the diagnostic capability than 

only single gene. Association between several gene expression and quantitative 

phenotypes of cognitive and NP profiles further indicated the underlying biological 

mechanisms involved in the cognitive and NP manifestations of AD. 
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7.1 Clinical profiles of AD and MCI subjects 

In the present study, the significant differences in age, education levels, 

female proportion, and total CIRS score between AD subjects and healthy controls 

substantiated the findings that older age, less education, female gender and medical 

comorbidity significantly increase the risk of AD. Logistic regression showed after 

adjustment for the confounding effects of age, gender, education level, ApoE4 

status and CIRS total score, expression level of any single gene studied did not 

contribute significantly to AD or MCI. This suggested a minor effect of individual 

genetic factor in the development of disease. It also indicated that single gene 

expression biomarker may not be a determinant factor in the diagnosis of 

Alzheimer's disease. A marker panel may be more informative. On the other hand, 

it is possible that gene expression may interact with confounding factors such as age 

and gender to influence the risk of Alzheimer's disease. 

Age and gender were previously reported to be associated with gene 

expression variation (Kim et al., 2007). Age is the most important determinant for 

Alzheimer's disease. Gene expression variation was assumed to affect the 

susceptibility of disease or represent the consequence or response to disease 

pathophysiology. Gene expression alteration interacts with age, also indicating it is 

a risk factor for Alzheimer's disease. But whether gene expression alteration follow 

or drive the process of aging still remain uncertain. Moreover, the current sample 

comprises subjects with geriatric age group. Although the age difference between 
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case and control was statistically significant, we would like to highlight that they 

still represent a clinically matched group. In addition，through searching a recently 

published meta analysis of age-related gene expression profiles (de Magalhaes et al.� 

2009), only expression level of one gene was reported to be associated with aging. 

This also lends support for our speculation that gene expression alteration may be 

an independent determinant for disease pathophysiology. 

Gender may confound the association between peripheral gene expression and 

disease pathophysiology. We did not confine the comparative analysis by 

stratification of gender, because the sample size of male in AD group was so small 

that it may not have enough power to detect the significant differences. On the other 

hand, these genes were not linked to sex chromosome and it was thought that the 

gene expression variation between case and controls was larger than that between 

female and male. Logistic regression also indicated gender was not a significant 

contributor to AD or MCI in the present data. 

ApoE is the only confirmed risk gene in late-onset AD. E4 allele is a risk 

factor and E2 allele is protective. In the present study, the prevalence of ApoE4 

allele in healthy controls is 7.1% , which is comparable with other similar results in 

Chinese (Wong et al., 2005, Mak et al., 1996). However, the difference in the 

frequency of ApoE4 allele did not reach statistical significance between AD and 

healthy controls. This may be due to relative small sample size in the present study. 



Post-hoc analyses showed a lack of statistical power for detecting significant 

differences. On the other hand, southern Chinese population has a lower genetic 

risk of AD attributable to Apo E4 allele. 

7.2 Gene expression as peripheral biomarkers for AD 

Numerous efforts have been made to look for potential biomarkers for AD, 

which may allow for more accurate and earlier diagnosis. Biomarkers also aid in 

tracking disease progression and evaluating therapeutic response. Although a 

wealth of biomarker candidates for AD has been identified, there has been no single 

biomarker that is reliable enough to be used in clinical practice. The identification 

of reliable biomarker is hindered by various limitations including methodological 

variability, inaccurate diagnosis protocol, and heterogeneity nature of the disease 

(Craig-Schapiro et al., 2009). Standard protocols for clinical assessment, assay 

methods and statistical analysis are required to overcome some limitations. 

Additionally, combination of biomarker panel is more informative for 

comprehensive evaluation of disease process as for AD, a complex disorder with 

multifactorial nature. 

Peripheral gene expression has received special attention as potential 

biomarkers for AD. There is evidence to support that patterns of gene expression 

profiling in peripheral blood may reflect transcriptional changes in AD brain (Liew 

et al., 2006, Sullivan et al., 2006). Moreover, gene expression profiling allows for 
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reflecting body response to both inherited and environmental changes in a 

summative manner. In this study, we validated five differentially expressed genes 

between AD and healthy controls. The 5-gene combination was found to classify 

AD subjects from controls with higher discriminatory power, with the AUC ranging 

from 0.36-0.72 for each of the five genes to 0.78 for the biomarker combination. 

The sensitivity and specificity of 5-gene panel were influenced by chosen cut-off 

thresholds, with lower cut-off improving sensitivity but at the price of lower 

specificity. To identify the optimal cut-off, we chose decision criteria of excluding 

patients without disease as the primary concern, indicating lower type II error and 

higher specificity. The decision was based on several concerns. The gold standard 

for definitive diagnosis of AD is autopsy. Current clinical diagnosis, focusing on 

the exclusion of other causes of dementia refers to possible or probable AD. 

Although cognitive assessment such as MMSE is a widely used screening tool for 

dementia, it may not be used as a diagnostic test. From this perspective, the value of 

gene expression testing is that it showed satisfactory representative of AD process 

by demonstrating good sensitivity and specificity. On the other hand, MCI, as a 

more heterogeneous entity is not an absolute intermediate point between AD and 

normal aging. The subtype of aMCI with early AD pathology have a higher chance 

to progress to AD while non-amnestic subtypes are more likely to convert to 

non-AD dementia (Petersen and Negash, 2008). Therefore, it is important to 

identify those MCI patients without underlying pathological AD, as they are likely 
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to be stable and will not progress to AD. In this regard, high specificity will be an 

important issue for case identification. 

The 5-gene combination was found to discriminate AD subjects from normal 

controls with good sensitivity and specificity of 70.7% and 86.7% respectively at an 

optimal cut-off of 0.486. Cross validation showed good predictive accuracy with the 

median of AUC of 0.77, suggesting this 5-gene biomarker set represents a potential 

diagnostic test for AD. However, the method of gene expression profiling is not 

better than any cognitive measures (Chu et al.，2000，Chiu HFK et al., 1994, Chiu 

HF et al., 1997)，therefore it may serve as an adjuvant marker independent of 

cognitive assessment. 

The low level of discriminatory power with unsatisfactory sensitivity (42.4%) 

in classifying MCI subjects and normal controls suggested that candidate gene 

combination may not replace the cognitive function as a disease marker. However, 

the acceptable specificity (76.2%) allows for facilitate identifying MCI subjects, 

who are more likely to develop AD than normal controls. If a subject is identified 

positively, by both cognitive and gene expression biomarker, they are more likely to 

having underlying AD pathology and the chances to progress to AD will be high. 

Further studies are required to follow up those with positive results by gene testing 

and see whether the gene biomarker panel is useful to predict the trajectory of 

disease. 
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Between AD and MCI subjects, gene combination showed better predictive 

value than each of five genes, but still did not satisfy the criteria of ideal biomarkers 

with the sensitivity of 61%, indicating that the 5-gene panel is not sensitive enough 

to discriminate the different severity of cognitive dysfunction. The higher 

specificity of 73.7% is clinically relevant, because we need to differentiate MCI 

patients without underlying AD pathology from those with AD pathology but still 

preclinical. It is known that the disease courses are different between the two 

subtypes. The negative predicative value of 69.5% suggested that further study 

should be carried out to see if gene biomarker panel could accurately predict those 

who will not progress to AD with time. 

Compared with existing biomarkers such as CSF Ap, tau proteins, 

neuroimaging biomarkers and genetic markers, gene expression biomarkers are 

worthy of further research. CSF markers are limited by the invasive nature of the 

procedure and difficult to be implemented in clinical practice in this region. 

Neuroimaging markers are expensive, time consuming and not sensitive enough to 

track disease progression. Genetic markers such as mutations in APP, PS-1, PS-2 

and ApoE are only applicable for a small proportion of familial AD, but not strong 

enough as a determent factor for sporadic AD. Moreover, genetic predisposition is a 

trait marker which gives no implication on the severity of impairments. The 

dynamic gene expression profiling may provide additional insights into how 

constitutional predisposition interacts with complex health/physical factors to cause 
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neurodegeneration in AD. It may also offer information on evolution of disease 

process. 

In the present study, the specificity of candidate gene expression panel met the 

consensus criteria of biomarkers for AD proposed by NIA. However, sensitivity 

was fairly low and unsatisfactory. At the prevalence of AD being 39% in the 

studied sample, the positive and negative predictive values were 80.6% and 79.1%, 

which is comparable to that of CSF biomarker such as P-tau (Luck et al., 2007), 

suggesting gene biomarker panel represented a potential diagnostic test for AD. 

However, the low predictive values when differentiating MCI from NC and MCI 

from AD suggested its limitation of using gene expression panel alone in the 

diagnostic or screening test of MCI. Future study that incorporating the gene panel 

along with other more accepted biomarkers such as CSF, MRI markers as predictors 

for incident AD or MCI are required to improve the discriminatory power of 

expression biomarker panel. 

The gene biomarker panel could not be perfect because peripheral blood gene 

expression levels are susceptible to be affected by different physical and 

pathological factors. This led to systemic noises which interfere with the 

performance of biomarker. The heterogeneity nature of MCI also represented the 

difficulty of using gene biomarker panel alone to classify MCI and AD patients. 

Moreover, AD is a complex disorder with inconsistent correlation between clinical 
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and histological markers. The application is also limited because the present 

identified limited number of risk genes only accounted for a very small part of 

genetic factors of disease. A recent study has characterized a blood RNA signature 

composed of 133 genes that can correctly distinguish AD patients from normal 

controls with a sensitivity of 100% and specificity of 96% (Fehlbaum-Beurdeley et 

al.,2010). 

The differentially expressed genes identified in our study rather reflected 

subtle alteration in blood gene expression serving as the systemic response to 

disease pathology. Cathepsin B (CTSB) is a lysosomal cysteine proteases presented 

in lysosomes. The protease is involved in diverse biological processes and 

pathological conditions, such as tumorigenesis, bone disorder, pancreatitis and AD 

(Watson and Kreuzaler, 2009, Halangk et al., 2000, Hopwood et aL, 2009, Hook et 

al.，2008). Microarray studies found that CTSB transcript was downregulated in 

cerebral cortex of APP transgenic mice and PBMC of AD subjects but upregulated 

in hippocampus (Blalock et al., 2004, Reddy et aL, 2004，Maes et a l , 2007). In the 

present study, an upregulation of CTSB expression was observed in peripheral 

leukocytes of AD and MCI patients compared to healthy controls, suggested that 

CTSB related amyloid-beta production and apoptosis is probably the early response 

in disease pathophysiology process. 
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CTSD is a soluble lysosomal aspartic endopeptidase involved in multiple 

physical and pathological functions. One of the important functions of CTSD is to 

trigger apoptosis directly or act as a mediator of apoptosis (Benes et al.，2008). 

Recent studies demonstrated that CTSD has been implicated in the processing of 

APP, ApoE and tau protein (Kenessey et al., 1997, Zhou et al , 2006, Hook et al., 

2008), which are important factors of AD pathogenesis. In our study, CTSD is the 

only gene which expression levels were significant different between any two of 

three groups, with highest in AD subjects, moderate in MCI subjects and lowest in 

healthy controls, indicating the essential role of CTSD related biological pathway in 

the whole process of AD pathology. It also substantiated the findings about the 

increased apoptotic vulnerability of AD lymphocytes and disturbed lysosomal 

functions in AD (Eckert et al., 1998, Nixon et al., 1992). 

Another two upregulated genes in AD subjects compared to healthy controls, 

DDT and TSCl, are not differentially expressed between MCI subjects and controls 

or between AD and MCI subjects, suggesting the possibility of these two genes 

involved in the late pathological activities in the disease progression. DDT is an 

enzyme that converts D-dopachrome into 5,6-dihydroxyindole. This protein is 

shown to be related to the migration inhibitory factor (MIF) in terms of sequence, 

enzyme activity and structure. MIF was found to play a role in the pathogenesis of 

AD (Popp et al., 2009). The underlying mechanisms involved in inflammation and 

Ap induced cytotoxicity (Bacher et al., 2010). DDT is speculated to function close 
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to MIF. Our data could not confirm the decreased expression of DDT in PBMC of 

AD subjects (Maes et a l ‘�2007) , but supported the observation that major 

upregulated function in AD was inflammatory response (Loring JF et al., 2002, 

Colangelo et al., 2002). Further studies are required to clarify the functions of DDT 

in the brain. 

TSCl encoded protein, hamartin binds TSC2-encoded protein tuberin to form 

a protein complex and function in protein translational regulation and cell growth 

(van Slegtenhorst et al.，1998). It modulated cell function via the mTOR signaling 

cascade (Rosner et al., 2008). Tuberin levels were found to be decreased in the 

brain tissues of AD patients (Ferrando-Miguel et al., 2005). The alteration of mTOR 

signaling activities were correlated with MMSE scores in AD subjects 

(Lafay-Chebassier et al., 2005). Our study also showed that abnormal TSCl related 

pathway occur in AD in terms of gene transcription level. 

NRDl is another gene of special interests. It encodes a metalloendopeptidase 

that functions cleave peptides and also enhance the ectodomain shedding of a wide 

range of membrane proteins (Hiraoka et al., 2007, Hiraoka et aL, 2008，Nishi et al., 

2006). As the process of ectodomain shedding is essential for the activation of 

specific receptors, cytokines and growth factors, NRDl was considered to play 

specific roles in cellular migration, proliferation and neurogenesis. In our study, the 

overexpression of NRDl was observed in MCI subjects but not in AD patients, 
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suggesting that NRDl regulated neurogeneration may be one of acute 

compensatory responses to the pathological damages at the onset of disease. 

UQCRCl, was shown upregulated in AD subjects compared with NC and MCI 

subjects, indicating this gene plays an important role in the progression of the 

disease. UQCRCl is a component of the ubiquinol-cytochrome c reductase complex 

(complex III), being a part of the mitochondrial respiratory chain. Overexpression 

of UQCRCl was documented to affect mitochondrial morphology and physiology, 

leading to mitochondrial dysfunction (Johnston-Wilson et al., 2000).. 

Two down-regulated genes, PINl and ITPKB, have been reported to regulate 

the initiation and progression of AD pathogenesis (Emilsson et al., 2006, Liou et al., 

2003). Growing evidence showed that PINl is overexpressed in various tumors 

wherever downregulated in AD (Reddy et al., 2004, Maes et al.，2007, Bao et al., 

2004). In this regard, it is interesting to find that several AD candidate genes such 

as CTSD and GAPD were associated with neurodegeneration and cancer (Li et al., 

2004, Benes et a l , 2008). In our study, mRNA level of PINl decreased in AD 

subjects, which is correspondence to the previous results and substantiated the 

observation that downregulation of PINl is associated with the increased risk of AD 

(Liou et al., 2003, Maes et al., 2007，Reddy et a l , 2004). 
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ITPKB is a calcium-dependent inositol kinase and functions in converting IPS 

to IP4. Alteration of ITPKB may lead to increased conversion of IP3 to IP4 

affecting calcium homeostasis in the cells and severe T cell deficiency in mice 

(Pouillon et al., 2003). Our results not only substantiated the previous finding that 

mRNA expression of ITPKB was reduced in AD subjects (Emilsson et al , 2006, 

Maes et al., 2007), but also demonstrated that it is down-regulated in MCI subjects 

compared to healthy controls, suggesting the role of underlying processes regulated 

by ITPKB in initiating calcium deregulation in the early onset of cognitive 

impairment. 

In summary, we demonstrated that AD leukocytes differ in the expression of 

seven genes compared with healthy controls. The major regulations are involved in 

diverse biological functions, including apoptosis, inflammation, neurogenesis, 

calcium disequilibrium and mitochondria insufficiency. In comparison with 

previous studies, our findings are consistent to some results but contradictory to 

others. For an instance, we have reaffirmed the downregulation of ITPKB and PINl 

in blood of AD subjects but did not replicate the downregulation of DDT and CTSD 

reported by Maes et al (Maes et al., 2007). Different technique platform 

(Microarray versus real-time RT-PCR)，different ethnicity origin (Caucasian versus 

Chinese) and inconsistent target cell population (whole blood versus leukocytes) 

and patient cohort with larger sample size may account for some of these 
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discrepancies, but these discrepancies also highlight the importance of each 

laboratory establishing its own reference range for expression biomarker. 

The peripheral gene expression alteration may result from the highly 

developed dialogue between brain and blood or due to the generalized systemic 

changes to disease pathophysiology. It is still not clear whether these peripheral 

abnormalities are related to the alteration in AD brain and how these genes are 

involved in pathophysiology of disease. 

7.3 Genes link to cognitive and NP manifestations in AD 

In our study, quantitative phenotypes of cognitive performance and 

neuropsychiatric assessment were also associated with gene expression data, 

because it may increase the statistical power to detect small polygenic effects and 

provide new insights into genetic factors involved in the development of cognitive 

and NP manifestations in dementia. 

Numerous researches have attempted to explore the determinants of cognitive 

decline in AD. Molecular genetic studies have tried to provide us with important 

clues about constitutional differences. The most consistent findings are that ApoE4 

allele was associated with poorer cognitive performance and faster cognitive 

deterioration (Lam et al., 2006，Cosentino et al., 2008, Wehling et al.，2007). Our 

previous finding also demonstrated the involvement of CYP46A1 gene in the 
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cognitive deficits (Fu et al., 2009). In the present study, we reported for the first 

time that gene expression of ITPKB，NDUFA6 and CTSD showed a tendency to 

correlate with cognitive performance of AD subjects, suggesting that multiple 

mechanisms are implicated in the development of cognitive impairment in AD， 

including calcium dysregulation, oxidative stress and lysosome disturbances. The 

functions of ITPKB and NDUFA6 in brain are not exactly known. One SNP in 

NDUFA6 (rsl801311) was found to be associated with cognitive ability in normal 

aging (Harris et al., 2007). CTSD, as a susceptible gene for AD, was shown to 

interact with ApoE4 in affecting cognitive ability in both demented and 

non-demented individuals (Payton et al., 2006). A functional C to T transition 

within exon 2 of CTSD that increased the secretion of the pro-CTSD was associated 

with decrease in several cognitive domains such as memory, executive and fluid 

intelligence (Payton et al., 2003). The important role of CTSD in early brain 

development has been highlighted recently. 

Our study found a positive association between DDT gene expression and the 

score of "Depression", "Aberrant motor behavior” and total CNPI score of AD 

subjects, suggesting that DDT related biological processes may be involved in the 

pathogenesis of NP manifestation with the process of neurodegeneration. As the 

homology of DDT, MIF was found to participate in the detoxification of 

catecholamine metabolites and play a pivotal role in the synthesis of neuromelanin 

(Matsunaga et al , 1999). Hypothalamic MIF may modulate the nigro-striatal 
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dopaminergic activity and increase the secretion of melatonin in subjects with 

Parkinson's disease (Matsunaga et al., 1999). Changes in neurotransmitters were 

reported to be link to mood disturbance and aberrant motor behavior wherever 

decreased melatonin secretion was associated with disturbed circadian rhythms in 

AD patients (Wu and Swaab，2007). 

TSCl gene was found in relation to the score of "Delusion" in AD subjects, 

indicating TSCl encoding protein or its related mTOR signaling cascade may be 

involved in the development of delusion in AD. Additionally, a novel mTOR 

activating protein was reported to protect dopamine neurons against oxidative 

stress (Choi et a l , 2010). 

Another two genes of special interests，CTSD and UQCRCl, was 

associated with the score of "Aberrant motor behavior" of AD subjects. Aberrant 

motor behavior is closely related with disturbance in neurotransmitters (Scharre et 

al., 2003). Cognitive deficits and visuospatical impairments might lead to motor 

behavior abnormalities as well (Mega et al., 1996). In our study, we observed a 

tendency of association between CTSD and cognitive impairment as well as an 

inverse relation to psychiatric symptom, indicating the possibility of cognitive 

impairment regulated by CTSD contributing to the manifestation of NP symptom 

in dementia. More studies are required to clarify the functions of CTSD in the 

brain. 
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UQCRCl, as a component of the mitochondria respiratory chain, plays an 

important role in the maintenance of mitochondria function. Overexpression of 

UQCRCl contributes to the mitochondrial dysfunction (Johnston-Wilson et al., 

2000). Underlying mitochondria deficit influenced the synthesis and transport of 

neurotransmitters and was closely associated with psychiatric disorders (Jou et a l , 

2009). Studies showed an alteration of UQCRCl transcript in mood disorders and 

schizophrenia (Prabakaran et al., 2004，Johnston-Wilson et al., 2000). In the 

present study, UQCRCl was associated with diagnosis of AD, but also was 

positive correlated with the score of NP profile, lending support for the role of 

mitochondria dysfunction in the pathogenesis of this disorder. 

7.4 Limitations of study 

Confounding factors such as age, gender, ethnic group and the 

methodological procedure of RNA isolation were general concerns in producing 

false positive in gene expression studies (Gmnblatt et al., 2009). Age and gender 

were previously reported to be associated with some variation, but the effect 

seems to be modest (Kim et al., 2007), Ethnic attributed most to the gene 

expression variation and the minor variance was observed within ethnic 

population (Storey et al., 2007). Variation in RNA extraction and storage 

procedure might influence the gene expression profile (Kim et al., 2007). In the 

present study, only subjects of Chinese ethnicity were recruited in order to control 

the major confounding factor of ethnic background. However，age and sex are not 
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matched between normal controls and AD or MCI group. This is one limitation of 

the present study, which is a component of prospective study but not a matched 

case-control study. Significant variables in univariate analysis may be 

confounding factors in gene expression variation. Statistical methods were 

adopted to adjust for the confounding variables such as age, gender, education 

levels and medical comorbidity. The variance from blood withdrawal and RNA 

isolation techniques was taken into account and minimized by strictly complying 

with the standard operating procedure of experiment protocol. It has to be 

addressed that we could not exclude the effects of medical treatments in the gene 

expression variation. The use of anti-psychotic medication may also confound the 

association between gene expression and the psychiatric symptoms in dementia. 

Such medications should be taken into account in the future validation study. 

We used quantitative real-time RT-PCR in the present study due to its high 

accuracy and sensitivity. However, the limitation of SYBR green real-time PGR 

method is the possibility of false positive signal because SYBR green dye binds 

any double-strand DNA including specific and non-specific PGR products. To 

overcome the problems, all the RNA samples were treated with DNase and PGR 

products were electrophresed on 4% agarose gel to confirm only one 

gene-specific amplicon is amplified. 

Gene biomarker combination was demonstrated with good sensitivity and 
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specificity in discriminating AD from healthy control in our sample, but it is still 

required to be validated in an independent cohort with large sample size. 

Moreover, we selected gene biomarkers based on the comparative results between 

AD subjects and healthy controls in our sample, and it is possible that more 

different genes may reach the better discriminatory power in other larger scale 

population. On the other hand, cross-sectional comparison in gene expression 

levels alone may limit our results in identifying the genes that represent the 

consequence or response rather than the cause to the disease pathophysiology. 

Therefore, more studies in clarifying the genetic pathway as well as integrating 

with genomic and proteomic information will help to comprehensively understand 

the biological complexity of AD. Patient classification in our study is dependent 

on clinical diagnosis which is not always accurate as AD is complex disorder with 

inconsistent correlation between clinical and histological markers and MCI is a 

more heterogeneous state than pre-symptomatic AD. 

7.5 Direction for future research 

Researches into biomarkers aim to facilitate accurate and early diagnosis of 

disease. In this project, a 5-gene combination set was demonstrated to be capable 

of discriminate AD from healthy controls with satisfactory sensitivity and 

specificity. As expression studies are well known to be difficult to replicate，we 

need to re-examine the findings in an independent sample for replication in order 

to show our findings are reliable and consistent. Besides, repeated samples could 
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be obtained in a prospective study. Stability of gene expression panel marker 

could be examined. In addition to cross-sectional analysis, a longitude study in 

MCI patients will be required to investigate the prognostic use of gene expression 

biomarkers. If further validated, it will allow identification the "high-risk" 

patients before the onset of clinical symptoms. Moreover, the potential of gene 

expression as biomarkers of therapeutic response in clinical trials could be 

explored. 

Both transcriptomics and proteomics are high throughout approaches to 

search for novel biomarkers in neurodegenerative disorders. Transcriptome allows 

for simultaneously studying mRNA expression profiling in whole genome and 

identify the changes in acute/current cellular activities. Proteomics aims to study 

the whole protein profiling as well as the proteins functional modification and 

activities (Hochstrasser，1998). Although mRNA expression alteration could 

provide some indication of protein levels, it may not substitute for detecting the 

protein itself. After all, protein is the mediator of the biological processes rather 

than mRNA (Devlin., 2010). In this regard, further analysis in protein expression 

related to the differently expressed genes pathway may be required to address the 

complex biological expression pattern and identify novel protein disease 

biomarkers. 
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Gene expression portrait could be regulated by genetic and epigenetic 

mechanisms. It has been widely accepted that genetic factors played an important 

role in the initiation of Alzheimer's disease. Studies incorporating expression and 

genotypic data will help to identify the genetic basis for expression regulation and 

uncover the underlying mechanisms of observed transcript variation. Epigenetic 

control of gene expression pattern by DNA methylation, alternative splicing or 

histone modification also contributes to the pathogenesis of Alzheimer's disease 

(Chouliaras et al., 2010). Research into gene-specific methylation and different 

transcript isoforms will be of value in analyzing the role of epigenetic regulation 

machinery apart from genetic sequence alteration in disease pathophysiology. 

Post-transcriptional regulation by non-coding microRNA also received special 

attention. It would be worthwhile to study the specific effects of microRNA in 

transcript regulation and further develop novel therapeutic strategy. 
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Chapter 8 Conclusion 

AD is a major health challenge with the continuous expansion of the ageing 

population in the world. To date, more than 35 million people worldwide were 

estimated to suffer from AD and it may be 115 million in 2050. The rapid 

increase created a significant social and economic burden, yet there is no effective 

treatment that could prevent progression of the disease. AD is a complex disease 

caused by a combination of genetic and environmental factors. The nature of 

heterogeneity and complexity results in a diagnostic and therapeutic challenge of 

AD. 

Current diagnosis of clinical probable AD is performed by clinical 

examination and neuroimaging with good reliability and validity (Blacker et al., 

1994), but it could not be identified until the patients had apparent functional 

deficits. A wealth of studies attempted to identify potential biomarkers for AD 

and its risk state of MCI (Blennow et a l , 2001). Peripheral gene expression has 

received special attention as potential biomarkers for AD in recent years. In this 

project, genes were selected based on the bioinformatics approach for studying 

the expression levels in leukocytes of AD, MCI subjects and healthy controls. 

Seven genes were identified differentially expressed between AD subjects and 

healthy controls with an upregulation of CTSB, CTSD, DDT, TSCl, UQCRCl 

and downregulation of ITPKB and PINl. NRDl transcript was increased in MCI 

subjects compared with controls. The 5-gene biomarker set represented a 
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biomarker panel for the diagnosis of AD with good sensitivity and specificity. 

Further validation of the gene biomarker panel is required in a larger independent 

cohort. 

Among the differentially expressed genes，PINl was hypothesized to be a 

major driving force for the initiation or progression of AD pathogenesis because 

of its diverse functions and the evidence that this protein is one of oxidized 

proteins common in MCI and AD brain. Downregulation of PINl probably leads 

to downstream pathway alteration including calcium disequilibrium and 

mitochondria insufficiency (ITPKB and UQCRCl), increased inflammatory 

response (DDT), neuronal apoptosis (CTSB and CTSD) and neurogeneration as 

compensation to the loss of synapses and neurons (NRDl and TSCl). 

Multiple genes with small effects each not only contributes to the 

development of AD, but also influence the manifestation of cognitive and NP 

symptoms. NDUFA6 gene expression was significantly correlated with cognitive 

ability. DDT, CTSD, TSCl, UQCRCl were found in association with the 

behavior and psychiatric symptoms, indicating the role of genetic factors in 

moderating the presence of cognitive and NP profiles in demented individuals. 

The possible mechanisms are implicated in mediating the synthesis and 

metabolism of neurotransmitters and neurohormones, neural apoptosis and 

mitochondria deficiency. Further studies on gene signaling pathway, gene protein 
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interaction and transgenic animal may help to understand the function of genes in 

the brain. 

The present project provided evidence that gene expression in blood can be 

used to develop molecular signature of AD, reflecting systemic response to 

disease pathophysiology. It is hoped that further validation in prospective studies 

will substantiate its clinical application and enhance our understanding of 

complex pathological mechanisms of AD. 
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