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Abstract
The loss of cholinergic transmission is considered to be an important cause of Alzheimer’s disease (AD). Treatment with acetyl
cholinesterase inhibitors (ChEIs) shows benefits; however, great heterogeneity has been observed in patient responses. We
evaluated apolipoprotein E (APOE) and a7 nicotinic receptor (CHRNA7) single-nucleotide polymorphisms (SNPs) and associated
these SNPs with pharmacological responses to ChEIs in a Brazilian population with AD. We studied 177 outpatients using ChEIs,
and they were classified as responders and nonresponders according to variation in Mini-Mental State Examination (MMSE) status.
The analysis of APOE genotypes showed that patients with the e4 allele had a worse response than those without the e4 allele. We
observed an association between the CHRNA7 T allele and a better response to treatment with ChEIs in patients with mild AD
(MMSE � 20). The SNP rs6494223 of CHRNA7 as well as APOEe4 could be useful for understanding the response to ChEI treat-
ment in patients with AD.
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Introduction

Alzheimer’s disease (AD) is the most common cause of demen-

tia affecting older people and is associated with the loss of cho-

linergic neurons in parts of the brain.1,2 Acetylcholinesterase

inhibitors (ChEIs) such as donepezil, galantamine, and rivastig-

mine prevent the breakdown of acetylcholine (ACh) released

into synaptic clefts and thus enhance cholinergic neurotrans-

mission.3 There is no disease-modifying therapy for AD yet.

The target of drug therapy in AD is based on the improvement,

stabilization, and retardation of cognitive decline, enhancement

of behavioral symptoms, and reduction in caregiver burden.4

Most studies have reported interindividual differences in

drug response that may be due to variability in drug metabolism

related to clinical, behavioral, and genetic factors and mainly

hereditary polymorphisms.5 Apolipoprotein E (APOE) is a pri-

mary genetic risk factor for AD.6 Polymorphic variants of the

APOE gene (19q13.2) are associated with a risk-conferring

allele of the gene (encoding APOEe4) or confer protection

from AD (APOEe2).7 A higher frequency of responders has

been observed in non-e4 bearers and males,8,9 indicating that

gender could be a more powerful determinant of short-term

outcome to ChEI treatment than APOE status. In contrast, other

studies do not support the hypothesis that APOE and gender are

predictors for the therapeutic response of patients with AD to

tacrine or donepezil.10,11 The absence of at least 1 e4 allele and

a specific gender are not predictive of the response to donepezil

treatment in AD.11 Petersen et al12 showed that APOEe4 car-

riers exhibited a better response to donepezil in mild cognitive
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impairment (MCI). Similar results were found by Bizzarro

et al.13 However, Rigaud et al11 did not find any significant dif-

ference between APOEe4/4-related responders and nonrespon-

ders to donepezil.

Biochemical analyses of the brains of the patients with AD

have revealed deficits in neuronal nicotinic acetylcholine

receptors (nAChRs) and reduction in the activities of Ach,

acetylcholinesterase (AChE), and choline acetyltransferase

(ChAT). More recently, a study demonstrated that the T allele

of rs6494223, a single-nucleotide polymorphism of the nicoti-

nic Ach receptor a 7 (CHRNA7) gene, showed a reduction of

50% in the probability of progressing to AD within 5 years.14

To the best of our knowledge, there are no studies concerning

this polymorphism and cholinergic inhibitor drug response.

The aim of this study was to evaluate the influence of

rs6494223 CHRNA7 on the response to ChEI therapy in

patients with AD during 2 years of follow-up.

Materials and Methods

Participants

This investigation was a retrospective cohort study. This study

was approved by the local ethics committee on human experi-

mentation from the Universidade Federal de São Paulo (UNI-

FESP). All participants were informed of the study protocol.

Written informed consent for research according to the Helsin-

ki’s Declaration was obtained from each patient or from rela-

tives or a legal guardian in the case of seriously disabled

patients with dementia.

From July 2009 to March 2010, we recruited outpatients of

the Department of Neurology and Neurosurgery (Behavior

Neurology Section) from UNIFESP. This is a neurological ref-

erence center in Brazil, designed to diagnose patients with

dementia and supply appropriate medications according to

government guidelines. Approximately 81.8% of patients with

AD were of European origin, 5.3% were of African origin, and

12.9% were of Asian origin. All of the patients had treatment

duration of 3.71 + 1.72 years and presented with 2.77 +
1.27 comorbidities.

Patients underwent a standard clinical evaluation at the begin-

ning of outpatient care, including a structured interview, physi-

cal examination, routine biochemical screening, and central

nervous system imaging by a specialized physician with experi-

ence in assessment scales and diagnosing AD. Cognitive status

was evaluated by means of the Mini-Mental State Examination

(MMSE).15,16 Differential diagnosis among AD, mixed demen-

tia, and vascular dementia was based on the Hachinski Ischemia

Score.17 Diagnosis of MCI was made according to Petersen’s

criteria for amnestic MCI.18 Functional status was assessed using

the Activities of Daily Living index19 and the Instrumental

Activities of Daily Living scales.20 Once the patient was diag-

nosed with AD, ChEIs were prescribed, and every 6 months a

new cognitive assessment with MMSE score was performed.

Inclusion criteria were (1) age �60 years; (2) diagnosis of

probable AD according to the National Institute of

Neurological and Communicative Disorders and Stroke-Alz-

heimer’s Disease and Related Disorders Association Work

Group criteria; (3) ChEI drug prescription for at least 6 months;

and (4) written informed consent for research. Patients were

excluded from the study when they were unwilling or unable

to fulfill the requirements of the study or had a suspected

history of dementia secondary to abuse of a psychoactive

substance, cases of non-AD dementia (normal pressure

hydrocephalus, subdural hematoma, Parkinson’s disease

[PD], frontotemporal dementia, primary progressive aphasia,

vascular dementia [Hachinski �7]), history of psychiatric

symptoms of depression, and an established diagnosis

of MCI.18

Drug dosage administration followed international recom-

mendations as well as the Brazilian Academy of Neurology

recommendations. Daily doses from 6 to 12 mg of rivastig-

mine, from 5 to 10 mg of donepezil, and from 8 to 24 mg of

galantamine were used. The patients were naive to ChEI

therapy.

All demographic and clinical characteristics were collected

by a structured interview, clinical evaluation, and review of

records from the neurologic unit. The MMSE analyses were

carried out in categories, defined by the first MMSE at the ref-

erence center, to determine the relationship between genotype

and response to treatment according to disease severity. Mild

AD was defined as an MMSE �20 and moderate to severe

AD as an MMSE <20.

According to the National Institute for Health and Clinical

Excellence (NICE) requirements,21 a responder was defined

as a patient who showed improvement or no deterioration in

cognition comparing MMSE scores at the baseline with MMSE

scores after 6, 12, and 24 months of treatment. The data records

were collected during 2 years, and every 6 months, the patients

were classified as responders or nonresponders.

Genetic Analysis

Whole blood was collected in tubes containing 0.1% EDTA

and genomic DNA was obtained from peripheral lymphocytes.

DNA extraction was performed according to Lahiri and

Numberger.22

CHRNA7 gene—polymorphism rs6494223. Genotypic analysis

of rs6494223 was conducted by polymerase chain reaction

(PCR) followed by restriction fragment length polymorphism

(RFLP) methods. Reactions were performed in a total volume

of 25 mL containing 1� PCR buffer: 75 mmol/L of Tris HCl,

pH 8.8, 20 mmol/L (NH4)2SO4, 1 mmol/L MgCl2, 0.4

mmol/L deoxynucleotide triphosphate, 1U Taq DNA polymer-

ase (Fermentas, Canada), and 0.4 mmol/L of each primer. A

235-bp fragment was amplified from genomic DNA using the

forward 50-TCCCTGGACAGCATAGGAAC-30 and reverse

50-GGGGGAAATCAAGTGGTTCT-30 oligonucleotides. The

PCR conditions involved an initial denaturation step of 94�C
for 5 minutes, followed by 35 cycles of 94�C for 30 seconds,

52�C for 30 seconds, 72�C for 30 seconds, and a final extension
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step of 72�C for 7 minutes. Restriction fragments were ana-

lyzed on a 1% agarose gel stained with ethidium bromide. Of

the amplification products, 4 mL were digested with 12U NlaIII

(10 U/mL) restriction enzyme (New England Biolabs, Ipswich,

Massachusetts) for 16 hours at 37�C, subjected to electrophoresis

on a 3% agarose gel stained with ethidium bromide and analyzed

in ultraviolet light. After digestion, 3 different fragment patterns

were observed: a 235-bp fragment (CC genotype), 143- and 92-bp

fragments (TT genotype), and 235-, 143-, and 92-bp fragments

(CT genotype).

Apolipoprotein E. The detection of APOEe2, e3, and e4

alleles was performed using TaqMan Genotyping Assays:

C_3084793_20 (rs429358) and C_904973_10 (rs7412;

Applied Biosystems, Foster City, California). For each reac-

tion, 0.31 mL of 40� assay, 6.25 mL of 2� TaqMan genotyping

mix (Applied Biosystems, Foster City, California), 5.44 mL of

DNAse-free H2O, and 2 mL of DNA (100 ng) were used. The

PCR amplification was cycled at 95�C for 10 minutes, followed

by 40 cycles of denaturation at 95�C for 15 seconds, primer

hybridization, and amplification at 60�C for 1 minute.

Statistical Analyses

Allele and genotype frequencies were calculated for the poly-

morphism, and the chi-square test was used to investigate

deviation from Hardy–Weinberg Equilibrium (HWE). The

Mann-Whitney U test or Student’s t test was performed to ver-

ify polymorphism association with clinical and demographic

variables. Logistic regression analysis was performed to verify

polymorphism association with nonresponders using sex, age,

APOE genotyping, and baseline MMSE as covariates in the

model. Odds ratio (OR) and 95% confidence interval (95%
CI) were also calculated. Individual polymorphism data analy-

ses were performed using SPSS 18.0. A P value smaller than

the type 1 error rate of 0.05 was considered significant.

Results

Among the 205 recruited patients with AD, 28 did not have

MMSE score data recorded during the course of 6 months.

Of the remaining 177 patients with AD enrolled in the study,

rivastigmine was used by 75 patients (42.4%), galantamine

by 31 (17.5%) patients, and donepezil by 71 (40.1%) patients.

Of those patients, 113 (63.8%) were classified as responders

and 64 patients (36.20%) were classified as nonresponders dur-

ing the 6-month ChEI treatment. After 2 years of follow-up,

147 patients remained in the study and 30 patients were missed.

The reasons for dropout were not recorded.

Demographic and clinical characteristics of the patients

according to MMSE and response to ChEIs over the course

of 6 months are summarized in Table 1. The main observed

comorbidities were hypertension in 48.3% of patients, diabetes

in 25.0%, dyslipidemia in 23.8%, and cardiovascular disease in

16.9%. The genotype characteristics and allele frequencies of

patients according to treatment response at 6 months of evalua-

tion are described in Table 2.

Analysis of CHRNA7 rs6494223 showed that 30.9% of

patients (n¼ 51) were C/C wild type, 52.1% C/T heterozygotes

(n¼ 86), and 17.0% T/T homozygotes (n¼ 28). No differences

were found between the observed frequencies and the expected

HWE frequencies (P ¼ .47). The analysis of the APOE

polymorphisms showed that 2.4% (n ¼ 4) of patients had the

APOE e2/3 genotype, 1.2% (n ¼ 2) had the e2/4 genotype,

43.6% (n ¼ 72) had the e3/3 genotype, 45.5% (n ¼ 75) had the

e3/4 genotype, and 7.3% (n ¼ 12) had the e4/4 genotypes. No

differences were found between the observed frequencies and

the expected HWE frequencies for this locus (P ¼ .70-.90).

Logistic regression analysis of APOE, adjusted for gender, age,

and baseline MMSE, showed that patients with the e4 allele

over 6 months of treatment had the worst response compared

to those without the e4 allele (P ¼ .023, OR ¼ 0.454, 95%
CI 0.230-0.896). Logistic regression analysis, adjusted for sex,

age, presence of the APOE e4 allele, and baseline MMSE,

revealed that the T allele of CHRNA7 SNP rs6494223

(P¼ .049, OR¼ 1.894, 95% CI 1.003-3.578) was significantly

associated with a better response to ChEI treatment in patients

with mild AD at the first 6 months. After 2 years of follow-up

treatment, the CHRNA7 T allele and the presence of APOEe4

did not show differences between responders and nonrespon-

ders regardless of the severity of the disease.

Discussion

In this study, we observed that allele T of the polymorphism

CHRNA7 is significantly related to a better response to treat-

ment with ChEIs in patients with MMSE �20 after 6 months

of follow-up. After 24 months of treatment, we did not observe

a significant association between the CHRNA7 T allele and

response to ChEIs.

The ChEIs are medications designed to improve cognition

and behavior. Previous studies have shown a mild improve-

ment in cognition with an average increase in MMSE of 1.5

to 2 scores at 6 to 12 months.23 Moreover, its effects on beha-

vior may be related to better cognitive processing and also to

reduced apathy and improvement in social interaction.4

The response of patients to ChEI treatment is not homoge-

neous. Clinical studies have suggested that the higher the cho-

linergic deficits, the better the expected response to treatment

with ChEIs.24 Furthermore, neuropsychiatric features may

influence the response to treatment. For example, patients with

hallucinations and attention deficits have higher cholinergic

deficits and also better responses to ChEIs.25

The clinical criteria that distinguish responders from nonre-

sponders are controversial in the literature. The adoption of the

NICE criteria has allowed for a more powerful comparison

between responders and nonresponders. Our study showed a

response rate of 45%. A similar study of 976 older Italians with

AD showed a response rate of 43%,3 while in a study of the

American population, the response rate was 34% in patients

using donepezil.26
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A few studies have shown that clinical and genetic variables

might influence the response to treatment with ChEIs. Gender

has been identified as an important modulator of response to

ChEI treatment, with men presenting with a better response

than that of women in long-term evaluation when considering

cognitive outcome.27 Moreover, the male gender has been pre-

viously described as a predictor of better response during short-

term evaluation.8 Our study showed no significant difference in

treatment response when comparing gender.

Apolipoprotein E e4 is the most studied genetic variable in

regard to its effect on clinical outcome and response to treatment

with ChEIs. It is well known that patients with genotype e4/4

have a greater degree of brain atrophy, atherosclerosis, cognitive

impairment, and psychotic symptoms.28 Additionally, this group

of patients has a higher degree of cholinergic deficits.25 The

presence of APOE e4 was correlated with the worst response

to treatment, compared with non-e4 alleles, in our sample, in

agreement with other studies in the literature.27,29

Table 1. Selected Demographic and Clinical Characteristics of Patients According to MMSE Score at 6 Months of Evaluation.

Quantitative variables

MMSE < 20 MMSE > 20

Nonresponders Responders

P

Nonresponders Responders

PN Mean SD N Mean SD N Mean SD N Mean SD

Age, years 25 82.960 7.191 60 80.267 6.994 .112 39 79.795 6.856 53 79.887 5.999 .946
Education, years 24 3.292 2.053 60 3.600 2.763 .623 39 4.205 2.597 53 5.623 4.161 .064
Concomitant diseases 24 2.375 1.439 58 2.707 1.214 .290 38 2.789 1.189 52 2.692 1.292 .716
Concomitant therapies, number of drugs 23 3.913 3.014 57 4.614 2.343 .269 37 4.324 2.286 51 4.353 2.726 .959
Years of AD 25 6.240 2.818 59 5.593 2.614 .314 39 6.026 2.323 53 5.226 2.407 .114
MMSE score at baseline 25 15.400 2.828 60 15.167 3.179 .751 39 23.051 2.695 53 23.000 2.139 .919
MMSE scores after 6 months of treatment 25 12.880 2.774 60 17.950 4.127 <.001 39 20.051 2.883 53 24.226 2.318 <.001
MMSE scores after 12 months of treatment 20 13.250 4.315 56 17.036 4.584 .002 38 20.763 3.132 50 23.860 3.169 <.001
IADL 21 14.095 3.897 55 15.309 5.480 .357 34 17.912 5.276 48 18.896 5.058 .396
ADL 22 4.636 1.364 57 4.491 1.754 .698 32 5.094 1.445 49 5.347 1.071 .368

Qualitative variables Nonresponders Responders P* Nonresponders Responders P*

Sex, n (%) F—21 (84.0%) F—50 (83.3%) .940 F—28 (71.8%) F—31 (58.5%) .189
M—4 (16.0%) M—10 (16.7%) M—11 (28.3%) M—22 (41.5%)

BPSD presence, n (%) No 2 (9.1%) No 7 (13.7%) .580 No 13 (36.1%) No 11 (21.2%) .121
Yes 20 (90.9%) Yes 44 (86.3%) Yes 23 (63.9%) Yes 41 (78.8%)

Abbreviations: n, number of individuals; BPSD, behavioral and psychological symptoms of dementia; MMSE, Mini-Mental State Examination; IADL, Instrumental
Activities of Daily Living; ADL, Activities of Daily Living; SD, standard deviation; AD, Alzheimer’s disease; P, P value obtained by Student’s t test; P*, P value obtained
by chi-square test; F, female; M, male.

Table 2. Genotype and Allele Frequencies of CHRNA7 (rs6494223) and Presence of the APOEe4 allele According to Treatment Response at
6 Months of Evaluation.

CHRNA7

MMSE < 20 MMSE � 20

NR R Total

P

NR R Total

Pn (%) n (%) n (%) n (%) n (%) n (%)

Alleles C 26 (56.5) 69 (59.5) 95 (58.6) .73 48 (28) 48 (28) 96 (55) .03
T 20 (43.5) 47 (40.5) 67 (41.4) 26 (15) 52 (30) 78 (45)

Total, n (%) 46 (100) 116 (100) 162 (100) 74 (42) 100 (58) 174 (100)

MMSE < 20 MMSE � 20

NR R Total NR R Total

APOE n (%) n (%) n (%) P n (%) n (%) n (%) P

Presence of e4 allele e4 noncarriers 14 (29.2) 54 (47.4) 68 (42.0) .03 34 (43.6) 56 (58.3) 90 (51.7) .05
e4 carriers 34 (70.8) 60 (52.6) 94 (58.0) 44 (56.4) 40 (41.7) 84 (48.3)
Total, n (%) 48 (100) 114 (100) 162 (100) 78 (100) 96 (100) 174 (100)

Abbreviations: CHRNA7, a7 nicotinic receptor; MMSE, Mini-Mental State Examination; NR, nonresponders; R, responders; n, number of individuals, P, significance
value obtained by chi-square test.
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The nAChRs are ionic channels that allow the neurotrans-

mission of ACh. Biochemical analysis of brain tissues of

patients with AD revealed a reduction in nicotinic receptors,

ACh, lower cholinergic synthesis, and also inactivation of the

enzymes ChAT and ACh.30-32 In addition, the clearance of

amyloid b and neuroprotection are also related to these recep-

tors. Previous studies have shown that nAChR agonists

improve cognition in rats and in patients with schizophrenia.

Moreover, it seems that nAChR agonists could function

similar to antipsychotic agents, improving memory in rats and

monkeys and also acting as neuroprotective factors.33 The

CHRNA7 polymorphisms are known to be related to schizo-

phrenia and AD.34,35 In particular, the T allele of the poly-

morphism rs6494223 is related to a reduced progression of

mild cognitive deficits to AD and reduced symptoms of

delirium.14,36-38 The presence of the T allele may be a sign

of higher cholinergic deficits, delirium symptoms, and better

response to ChEIs. This hypothesis has already been observed

in patients with Lewy body dementia and dementia related to

PD.39,40 To our knowledge, this is the first study that detected

a better response to ChEIs in patients with AD bearing the

polymorphism rs6494223.

Our sample was well distributed and the groups were well

matched. We studied patients from an patient with AD refer-

ence center, which is one feature of our population. The results

of this study should be analyzed in the context of some limita-

tions. Further studies in a larger sample of patients might

hypothetically increase the detection of effects of polymorph-

isms and gender on psychotic and delirium symptoms. In addi-

tion, a detailed evaluation of ethnic influences with specific

biomarkers, follow-up on the behavioral and psychological

symptoms of dementia, and applications of scale to measure

caregiver stress should be considered.

In conclusion, this study showed that the presence of the

T allele polymorphism of CHRNA7 was a predictor of better

response in the first 6 months of ChEI treatment in patients

with mild AD. The presence of the APOEe4 allele was a predic-

tor of the worst response to ChEI therapy in the patient

population studied here. The genetic heterogeneity of the pop-

ulation with AD could be one of the causes of different

responses to current disease treatments.
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