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Introduction
Alzheimer’s disease (AD) is a genetically heterogeneous and 

insidiously progressive form of dementia in which more than 50 genetic 
loci are involved [1].Therefore, AD may represent a common phenotype 
that results from various genetic and environmental influences. 
Although the aetiology of AD remains largely unclear, mounting 
evidence suggests that mitochondrial dysfunction could be involved in 
AD pathogenesis because they can be both targets of oxidative damage 
and sources of reactive oxygen species [6]. 

Mitochondria are the cellular organelles that perform the metabolic 
reactions necessary to generate energy as adenosine triphosphate 
(ATP) and contain their own DNA in a single circular chromosome 
(mtDNA), and their own machinery for RNA and protein synthesis 
[14]. mtDNA has unique genetic features. It is independently 
replicated, transcribed, and translated, is maternally inherited, does 
not recombine, and has a very high mutation rate, which contributes 
to the variability [9]. The mtDNA single nucleotide polymorphisms 
have been accumulated sequentially along radiating female lineages, 
giving rise to a wide variety of haplogroups. Because of the central role 
of mitochondria in cell function and apoptosis it has been hypothesized 
that the characterisation of these haplogroups could contribute to the 
understanding of the expression of mitochondrial-related diseases, 
and carriers of a particular allele or haplogroup could be at a higher or 
lower risk for some multifactor diseases [9,11] i.e., the mitochondrial 
haplogroup in an individual may protect against or predispose AD. 
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Abstract
Background and aims. It has been suggested that mitochondrial dysfunction is relevant to Alzheimer disease 

(AD) and some mitochondrial haplogroups could be related to the risk of AD. Therefore, in this work we have 
genotyped mtDNA haplogroups in Mexican patients with AD and their respective matched controls. 

Methods: Haplotyping of 33 AD patients and 49 healthy control subjects was performed using polymerase chain 
reaction/digest identification of key polymorphic sites in the mitochondrial genome. 

Results: Mitochondrial haplogroup A is the most frequent in AD patients and controls followed by haplogroup B. 
The haplogroup C was the least frequent in the control group and it was absent in the AD group. The frequency of 
haplogroup D was significantly higher in the AD group than in the control group (p = 0.03).

Conclusion: There is clear association between the frequency of haplogroup D and Alzheimer disease in the 
analyzed population from Guadalajara, Mexico. Interestingly the haplogroup C was absent in the AD group. These 
data requires further study in a larger population to identify these differences more clearly.   

A prediction of this hypothesis is that the mitochondrial lineage 
represented by the mtDNA haplogroup is different in AD patients and 
controls.

To our knowledge no studies analysing the role of common 
mitochondrial polymorphisms in the risk of developing AD have been 
published for the Mexican population. On the other hand, four major 
founding mtDNA haplogroups (A, B, C, D), which account together 
for 97% of modern American indian mtDNA´s has been reported. 
Therefore the aim of the present work was to investigate the frequency 
and possible association of these mitochondrial haplogroups in AD 
patients and control groups from Guadalajara, México.

Material and Methods
 Patients

33 AD subjects were recruited from the Clínica de Trastornos 
Cognitivos y Demencias at the Unidad Médica de Alta Especialidad del 
Hospital de Especialidades del Centro Médico Nacional de Occidente 
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Results 
It has been suggested that the assessment of global mtDNA 

variation is essential for elucidating the role of mtDNA mutations in 
disease. Therefore we genotyped the four major mtDNA haplogroups 
of Native Americans in a sample from Guadalajara, Jalisco. México. 
The prevalence of haplogroups A, B, C, and D mtDNA´s in Native 
American populations has now been confirmed [10]. In addition it has 
been reported that in healthy people of the North-Central Mexico the 
haplogroup A is the most frequent, followed in descending order, by 
the B, C and D haplogroups [5]. While Torroni et al., [12] in 4 native 
populations from Southern México, reported only the haplogroups A, 
B and C. In the population analyzed from the west of México, we found 
the four major haplogroups of Asian origin.

A total of 33 AD patients and 49 healthy control subjects were 
studied. In the AD group, there were 13 (39.4%) women and 20 (60.6%) 
men, whereas 29 (59.2%) women and 20 (41) men where control 
subjects. The mean age of the AD population was 65 ± 13.6 years. (47-
89 years) whereas that the control group was 65 ± 13.2 years. (47-89 
years) (Figure 2a)

In the healthy population we found the haplogroups A, B, C and 
D. Frequency of haplogroup A was higher than haplogroups B and D 
in AD patients (55%, 30%, and 15%. respectively). Similar frequencies 
for haplogroups A and B were found in healthy control subjects (55% 
and 31%, respectively). Haplogroup D showed higher frequency in AD 
patients than healthy controls (15% and 4%, respectively). Frequency 
of haplogroup C in the healthy control group was 10% and was absent 
in the AD population. In addition haplogroup D was absent in healthy 
control male gender (Figure 2b).

Binomial analysis of the data showed significant differences 
between the haplogrous found in patients with AD compared with the 
control group (p = 0.03) (Figure 2b). No significant differences between 
haplogroups and gender in each of the groups studied were found.

Discussion 
The role of mtDNA haplogroups in the neurodegenerative 

cascade leading to AD is still a matter of controversy and it has been 
hypothesized that patients with certain mitochondrial haplogroups 
are more susceptible to malignant mitochondrial diseases (e.g. Leber’s 
hereditary optic neuropathy, Alzheimer’s disease, multiple sclerosis and 
Parkinson’s disease in Caucasians [11]. For example, Carrieri et al. [10] 
suggested that K and U haplogroups may act by neutralising the effect 

at Guadalajara, Jalisco, México. All patients met NINCDS-ADRDA 
criteria for probable AD and they did not manifest signs or symptoms 
of an alternative neurodegenerative disorder. An age-matched control 
group of 49 healthy subjects were also examined. Informed assent and 
consent were obtained from the study participants or their caregiver 
to collect DNA for genetic studies. This study was approved by the 
Comisión Nacional de Investigación Científica Review board and was 
carried out in accordance with the principles of the Declaration of 
Helsinki as revised in 2000.

DNA purification and haplogroups
DNA was obtained from 5 ml of venous blood following the 

Miller procedure [8] and purified by ethanol precipitation and its 
concentration was determined by spectrophotometry UV absorption 
at 260 nm/ 280 nm. mtDNA haplogroup typing was carried out by 
restriction analyses. Briefly, mtDNA specific primers were used to 
amplify by polymerase chain reaction the mtDNA regions containing 
the polymorphic restriction sites that characterize each haplogroup. 
The amplified fragments, after digestion by appropriate restriction 
enzymes (Figure 1), were separated by agarose gel electrophoresis. 
Fragments visualised after ethidium bromide staining.

Haplogroups are defined by nucleotides at specific known 
polymorphic sites in the mtDNA. The polymorphisms analysed in 
this study define the four major haplogroups that have proved to be 
the progenitors of virtually all Native American mtDNA´s. After 
genotyping these polymorphisms, the haplogroup of each patient and 
control was determined.

Statistical analysis

The binomial analysis between groups were analyzed by Pearson 
correlation. The significance level was (p<0.05).

Haplogroup Amplified 
fragment 
 

Restriction  
Enzyme 

Fragment  
obtained 

A 242-770 Hae III 423-106 

B 8196-8316 - 112-121 

C 13232-13393 Alu I 142-55 

D 4831-5171 Alu I 345-195 
Figure 1: Identification of mtDNA haplogroups by restriction analysis.

Haplogroup 

 

Total 

AD 

 

A 

% (N) 

 

B 

% (N) 

C 

% (N) 

D 

% (N) 

 

% (N) 

Male 27.5 (9) 27 (9) NF 6 (2) 61 (20) 

Female 27.5 (9) 3 (1) NF 9 (3) 39 (13) 

Total 55 (18) 30 (10) NF 15 (5) 100 (33) 

      

Control      

Male 27 (13) 10 (5) 4 (2) NF 41 (20) 

Female 28 (14) 21(10) 6 (3) 4 (2) 59 (29) 

Total 55 (27) 31 (15) 10 (3) 4 (2) 100 (49) 

Figure 2a: Frequencies of haplogroups by gender in AD patients and control 
subjects.

Asterisks indicate a significant difference from the AD group.
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Figure 2b:  Haplogroup distribution in AD patients and healthy controls.
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of the major AD risk factor apolipoprotein E (ApoE) 4 allele, as they 
are present at a lower frequency in E4 carriers than in noncarrier AD 
patients, while in controls there is association between E4 allele and 
mtDNA Haplogroups [2]. Van der Walt JM, found that males classified 
as haplogroups U had a significant increase in risk of AD [13]. On 
the other hand, Chinnery PF, Elson et al. and Mancuso [12-14] found 
no significant haplogroup associations in the AD and normal control 
groups [3,4,7]. 

The present data suggest that mitochondrial haplogroup C was a 
protective factor for AD and males classified as haplogroup D showed 
an increase in risk of AD. However, our study was based on a limited 
number of patients, and other studies with larger samples and other 
populations should be necessary to fully understand the role of mtDNA 
on AD. In addition, a complete sequencing of the mitochondrial 
genome in individuals with haplogroup C should be necessary to define 
the nucleotide changes directly responsible for this effect. These doubts 
will be resolved in subsequent work in our laboratory.
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