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Abstract: The present study aimed to investigate the effect of genetic polymorphisms of catechol-O-methyl trans-
ferase (COMT), apolipoprotein E (APOE), and brain derived neurotrophic factor (BDNF) on the modulation of the 
chemotherapy-induced cognitive impairment (CICI) in breast cancer patients. Eighty triple negative breast cancer 
(TNBC) and 165 non-triple negative breast cancer (NTNBC) patients were selected, and subjected to a number of 
neuropsychological tests, including memory questionnaires, before and after chemotherapy. Six single-nucleotide 
polymorphisms (SNPs), including COMT (rs165599, rs4680, rs737865), APOE (rs429358, rs7412), and BDNF 
(rs6265), were evaluated. The scores of breast cancer patients after chemotherapy were poorer in comparison to 
those before chemotherapy (t = -5.317, z = -3.372, respectively, P < 0.01), and the scores of TNBC patients were 
poorer than those of NTNBC patients were after chemotherapy (t = -5.997, z = -5.284, respectively, P < 0.01). 
Patients with the COMT (rs165599) genotype had a significantly lower chance of developing cognitive decline than 
the patients with the G/G genotype, and this was linear with the retrospective memory (RM) questionnaires (β = 
-1.441, CI (95%) = -2.781~-0.101). However, there was no significant difference between the memory scores of 
APOE (rs429358, rs7412) and BDNF (rs6265) carriers before or after chemotherapy. This study suggests that CICI 
in TNBC patients was more prominent than that in NTNBC patients after chemotherapy, and the COMT (rs165599) 
polymorphism was linear to the retrospective memory (RM) questionnaires, and may be a potential genetic marker 
for increased vulnerability to CICI in TNBC patients.

Keywords: Catechol-O-methyl transferase, polymorphisms, chemotherapy-induced cognitive impairment, breast 
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Introduction

Breast cancer (BC) is the most frequently diag-
nosed cancer for women in the United States, 
with approximately 231,840 new cases of inva-
sive breast cancer among US women in 2015 
[1]. Although systemic treatment such as che-
motherapy improves the clinical outcome of 
patients with BC, it is also known to have severe 
side effects such as cognitive impairment [2]. 
Chemotherapy-induced cognitive impairment 
(CICI) is defined as the impairment of memory, 
learning, attention, reasoning, executive func-
tion, visual-spatial functions, and speed of in- 
formation processing during or after discontin-

uation of chemotherapy for cancer patients [3, 
4]. The issues regarding CICI became an impor-
tant topic of the National Comprehensive Can- 
cer Network (NCCN) in 2014, but the specific 
mechanism is not clear. Because of early detec-
tion and advancements in treatment, the preva-
lence of BC survivors has increased. Most BC 
patients have a long-term survival rate, which 
provides an important time window for research 
on CICI in BC survivors. Longitudinal prospec-
tive trials incorporating the assessment of cog-
nitive function have generally reported that 
between 20% and 61% of women with BC dem-
onstrate alterations in cognitive function after 
receiving standard dose chemotherapy [5]. 
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Memory impairment was the most prominent 
presentation in BC patients with CICI [6]. 
Neuropsychological research evidence sug-
gests that memory can be divided into retro-
spective memory (RM) and prospective memo-
ry (PM) based on what is remembered [7]. In 
contrast to the RM that involves memory of 
past events, PM is defined as the ability to carry 
out a delayed intended action [8]. The PM is 
closely related to daily human life, particularly 
the aspect of remembering to do important 
things regularly. Bedard et al. determined the 
cognitive operations involved in PM deficits 
exhibited by chemotherapy-exposed BC survi-
vors [9].

It indicated that CICI is widespread and hetero-
geneity in BC survivors from Journal of Clinical 
Oncology, but the specific mechanism is not 
clear [10]. Previous studies have documented 
that single-nucleotide polymorphisms in cate-
chol-O-methyl transferase (COMT, rs4680, rs- 
165599, rs737865), brain-derived neurotroph-
ic factor (BDNF, rs6265), and apolipoprotein E 
(APOE, rs429358 and rs7412) are implicated in 
aging and neuro-cognitive functioning [11]. 
COMT is an enzyme that catalyzes the O-me- 
thylation of catecholamine neurotransmitters 
such as dopamine, adrenaline, and noradrena-
line [12]. Polymorphisms in this gene result 
from a valine (Val or G) or methionine (Met or A) 
substitution, with the latter reducing dopamine 
degradation. Several studies have reported 
that COMT Val carriers (Val/Val and Val/Met) 
are considered relatively at risk for specific cog-
nitive deficits [13-15]. BC survivors treated with 
chemotherapy who also possess the COMT Val 
genotype are susceptible to negative effects on 
their cognitive health [16]. APOE is involved in 
lipoprotein metabolism. The well-known ε4 vari-
ant is the largest known genetic risk factor of 
Alzheimer disease (AD) and has been implicat-
ed in normal cognitive aging decline [17]. BC 
and lymphoma survivors who were treated with 
chemotherapy have poor performance in visual 
memory, spatial ability, and psychomotor func-
tioning tests if they are carriers of the ε4 allele 
of the APOE gene [18]. Moreover, cognitive 
function in postmenopausal women with BC is 
modified by APOE genotypes and the combina-
tion of APOE genotype and treatment [19]. 
BDNF is the most widely distributed neuro-
trophin in the central nervous system, and is 
mainly expressed in the hippocampus and cor-

tex, but also exists in the striatum, prefrontal 
cortex, basal forebrain, hypothalamus, brain 
stem, and cerebellum [20]. BDNF plays an 
important role in neuronal repair and survival, 
dendritic and axonal growth, and long-term 
potentiation [21]. Dooley et al. found the BDNF 
Met allele may be a risk factor for inflammation-
associated cognitive depressive symptoms 
among BC survivors [22].

Triple-negative breast cancer (TNBC) is defined 
by the absence of detectable estrogen receptor 
(ER) and progesterone receptor (PR) expression 
and the lack of human epidermal growth factor 
2 (HER2/neu) gene amplification [23]. And, the 
relationship between the COMT, APOE, and BD- 
NF polymorphisms and the occurrence of CICI 
in TNBC survivors has not yet been elucidated.

At present study, we try to find whether there is 
difference on cognitive impairment in 80 TNBC 
and 165 non-triple negative breast cancer 
(NTNBC) patients before and after chemothera-
py. Further we retrieve the genetic contribution 
of COMT APOE, and BDNF polymorphisms in 
these patients, and aim to investigate whether 
the three gene polymorphisms modulate CICI in 
TNBC survivors.

Materials and methods

Participants

A total of 245 breast cancer patients, including 
80 cases of triple negative breast cancer 
(TNBC) and 165 cases of non-triple negative 
breast cancer (NTNBC), who were hospitalized 
from January 2013 to September 2015 in the 
Department of Oncology at the Second 
Affiliated Hospital of Anhui Medical University 
were recruited. Information regarding the pa- 
tient’s age, education, Karnofsky Performance 
Status (KPS), and pathological patterns was 
gathered and statistically analyzed.

All subjects were right-handed, had an educa-
tion of more than 5 years, and were selected 
according to the following criteria: 1) de-novo 
BC confirmed by postoperative pathology; 2)
standard-dose chemotherapy treatment with 
doxorubicin, paclitaxel, cyclophosphamide, and 
fluorouracil, but no hormonal therapy; 3) no 
restrictions on age or pathological types; 4) a 
score of ≥ 24 in the mini-mental state examina-
tion (MMSE); 5) normal daily life activities as 
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measured by the Karnofsky Performance 
Status (KPS, score ≥ 80); and 6) no impairment 
of vision, hearing, or language. BC patients with 
the following conditions were excluded: 1) a his-
tory of a variety of chemotherapy, radiotherapy, 
hormonal therapy, and other treatments; 2) 
cachexia or distant metastasis; 3) psychiatric 
symptoms such as anxiety, depression, and 
paranoia; 4) a history of alcohol/drug depen-
dence and cognitive therapy; 5) clinically diag-
nosed dementia; 6) intracranial metastases 
and other abnormalities; and 7) cognitive 
impairment patients. This study was approved 
by the Research Ethics Committee of the 
Affiliated Second Hospital of Anhui Medical 
University, and all subjects provided informed 
consent prior to beginning the study.

Neuropsychological background tests

According to the above grouping of BC patients, 
a series of neuropsychological background 
tests was administered within four weeks of 
beginning chemotherapy, followed by six cycles 
of postoperative adjuvant, to assess general 
cognitive and memory functions. MMSE was 
administered to assess cognitive function, 
including time and spatial orientation, short-
term memory, calculation, language, and visuo 
spatial skills. A verbal fluency test (VFT) was 
administered, where subjects were asked to 
name as many animals as they could in one 
minute. A digit span test (DST) was used to 
measure short-term memory in which subjects 
were asked to recall a series of numbers after 
hearing them in a randomized order. The total 
score was determined by the number of digits 
recalled in correct serial order.

Retrospective memory (RM) and prospective 
memory (PM) questionnaires

All subjects were tested by PM/RM question-
naires (PRMQ). The memory questionnaires 
consisted of 16 items divided equally between 
a PM and a RM subscale. For the 8 PM ques-
tions, participants were asked to rate how often 
each item happened to them on a 4-point Likert 
scale according to memory impairment degree 
(4: heaviest impairment, 1: lightest impair-
ment). For the 8 RM questions, participants 
were asked to rate the statements on a 4-point 
Likert scale (4: very often, 3: sometimes, 2: 
rarely, 1: never). According to the standards, 
the minimum total score was 16, and the maxi-

mum total score was 64. All tests were admin-
istered in a quiet environment without interfer-
ence and completed within 10 minutes.

Genotyping

Peripheral venous blood was sampled into ster-
ile anticoagulation blood tubes, and stored at 
-80°C until use. Genomic DNA was extracted 
from peripheral blood usinga blood genomic 
QIAGENE kit (Shanghai Genesky Bio-Tech Co, 
Ltd (http://biotech.geneskies.com)). DNA sam-
ples were stored at -20°C. Genotyping was car-
ried out using the improved multiplex ligase 
detection reaction (iMLDR) technique, with 
technical support from Shanghai Genesky 
Biotechnologies Inc (Shanghai, China). For each 
SNP, the alleles were distinguished using differ-
ent fluorescently labeled allele-specific oligo-
nucleotide probe pairs. Distinct SNPs were fur-
ther distinguished by different extended 
lengths at the 3’-end. Two negative controls 
were set: one with double-distilled water as the 
template and the other with a DNA sample with-
out primers, while keeping all other conditions 
the same in one plate. Duplicate tests were 
designed, and the results were consistent. A 
random sample accounting for 5% of the total 
DNA samples was directly sequenced using Big 
Dye-terminator version 3.1 and an ABI3730XL 
automated sequencer (Applied Biosystems) to 
confirm the results of iMLDR.

Statistical analysis

All data are expressed as the mean ± standard 
deviation (SD). Statistical analysis was per-
formed with a one-way ANOVA using SPSS so- 
ftware (version 22.0, http://spss.en.softonic.
com/; Chicago, IL, USA), and Student’s tests 
were performed; odds ratios (ORs) and 95% 
confidence intervals (CIs) were calculated by 
logistic regression. A Mann-Whitney U-test was 
performed for normally and non-normally dis-
tributed data. In addition, the frequencies of 
the alleles, genotypes, and other categorical 
variables in the 2 groups were assessed by the 
chi-square (χ2) test. For cognitive impairment 
susceptibility analyses, we used logistic regres-
sion, calculating odds ratios (ORs) and 95% 
confidence intervals (CIs) to assess genetic 
effects, assuming a general genetic model 
(dominant, recessive, additive models) for indi-
vidual SNP analyses, and adjusting for age 
(continuous), KPS, years of education, and pa- 
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thological pattern. Linear regression was per-
formed to delineate the associations between 

type invasive carcinoma of the breast, and 3 
patients were identified as carcinoma in situ. 
Similarly, among the NTNBC group, 156 pati- 
ents were identified as non-special type inva-
sive carcinoma of the breast, 8 patients was 
identified as carcinoma in situ, 1 patient was 
identified as microinvasive carcinoma.

Comparison of neuropsychological tasks, PM, 
and RM

As shown in Table 2, the MMSE was significant-
ly decreased to 26.76 ± 1.62 after chemother-

Table 1. Clinical data on breast cancer patients with TNBC and NTNBC

Parameters 
Groups (Mean ± SD)

TNBC (n = 80) NTNBC (n = 165)
Age (year) 48.48 ± 10.57 49.39 ± 10.61
Education (year) 10.09 ± 3.37 10.08 ± 3.63
KPS 82.5 ± 7.88 84.12 ± 7.65
Pathological pattern Non-special type invasive carcinoma of breast 74 156

Special type invasive carcinoma of breast 3 0
Carcinoma in situ 3 8
Microinvasive carcinoma 0 1

Note: Triple-negative breast cancer (TNBC); Non-triple negative breast cancer (NTNBC); Karnofsky Performance Status (KPS).

Table 2. Comparison of neuropsychological background testing 
between the 2 groups before and after chemotherapy
Group N MMSE DST VFT
Before chemotherapy 245 27.26 ± 1.58 6.19 ± 0.73 11.46 ± 1.52
After chemotherapy 245 26.76 ± 1.62* 5.78 ± 0.97* 9.99 ± 2.11*
Note: *: P < 0.01; Mini-mental state (MMSE); Digit span test (DST); Verbal fluency 
test (VFT).

Table 3. Comparison of RM and PM questionnaire scores between 
the 2 groups before and after chemotherapy
Group N RM PM
Before chemotherapy 245 16.23 ± 4.03 16.01 ± 4.64
After chemotherapy 245 17.21 ± 4.59* 18.20 ± 4.51*
Note: *: P < 0.01; Retrospective memory (RM); Prospective memory (PM).

Table 4. Comparison of neuropsychological background testing be-
tween the TNBC group and the NTNBC group after chemotherapy
Group N MMSE DST VFT
TNBC 80 26.20 ± 1.67* 5.29 ± 1.01* 8.40 ± 1.65*
NTNBC 165 27.03 ± 1.52 6.02 ± 0.86 10.76 ± 1.87
Note: *: P < 0.01; Mini-mental state (MMSE); Digit span test (DST); Verbal fluency 
test (VFT); Triple negative breast cancer (TNBC); Non-triple negative breast cancer 
(NTNBC).

Table 5. Comparison of RM and PM ques-
tionnaire scores between TNBC group and 
NTNBC group after chemotherapy
Group N RM PM
TNBC 80 19.10 ± 2.36* 20.44 ± 3.41*
NTNBC 165 16.29 ± 5.10 17.12 ± 4.58
Note: *: P < 0.01; Retrospective memory (RM); Prospec-
tive memory (PM); Triple negative breast cancer (TNBC); 
Non-triple negative breast cancer (NTNBC).

CICI and the COMT (rs165599) 
polymorphism. All statistically 
matched two-tailed probability 
test, statistically meaningful 
standards were defined at P < 
0.01.

Results

Analysis of clinical param-
eters of patients

A total of 245 patients met the 
inclusion criteria, of which, 80 
were TNBC and 165 were 
NTNBC. As Table 1 shows, 
there was no significant differ-
ence in age (48.48 ± 10.57 vs. 
49.20 ± 10.63), years of edu-
cation (10.09 ± 3.35 vs. 10.11 
± 3.87), or KPS (82.5 ± 7.88 
vs. 84.09 ± 7.66). According to 
the pathological pattern of BC, 
among the TNBC group, 74 
patients were identified as 
non-special type invasive car-
cinoma of the breast, 3 pati- 
ents were identified as special 
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apy as compared to that of before chemothera-
py (27.26 ± 1.58, *: P < 0.01), and similarly DST 
and VFT scores were also significantly decr- 
eased to 5.78 ± 0.97 and 11.46 ± 1.52, respec-
tively, after chemotherapy when compared to 
that before chemotherapy (6.19 ± 0.73, *: P < 
0.01; and 11.46 ± 1.52, *: P < 0.01, respec-
tively). As Table 3 shows, the average RM score 
was significantly increased to 17.21 ± 4.59 
after chemotherapy as compared to that before 
chemotherapy (16.23 ± 4.03, *: P < 0.01), and 
similarly, the average PM score was also signifi-
cantly increased to 18.20 ± 4.51 after chemo-
therapy as compared to that before chemother-
apy (16.01 ± 4.64, *: P < 0.01).

Comparison of neuropsychological background 
tasks, RM, and PM after chemotherapy

As shown in Table 4, MMSE score after chemo-
therapy in the TNBC group (26.20 ± 1.67) was 
significantly lowerthan that in the NTNBC group 
(27.03 ± 1.52, *: P < 0.01), and similarly, the 
DST and VFT values after chemotherapy (5.29 
± 1.01 and 8.40 ± 1.65, respectively) in the 
TNBC group were also significantly lower than 
in the NTNBC group (6.02 ± 0.86, *: P < 0.01, 
and 10.76 ± 1.87, *: P < 0.01, respectively).

As shown in Table 5, the average RM score 
after chemotherapy in the TNBC group (19.10 ± 
2.36) was significantly higher than that in the 
NTNBC group (16.29 ± 5.10, *: P < 0.01), and 
similarly, the average PM score after chemo-

therapy in the TNBC group (20.44 ± 3.41) was 
significantly higher than that in the NTNBC 
group (17.12 ± 4.58, *: P < 0.01).

The unit SNP loci analysis

Sequencing analysis (Table 6) revealed that the 
allelic distribution of COMT (rs165599) was sig-
nificantly different between TNBC and NTNBC 
survivors (*: P < 0.01). As Table 7 shows, there 
was a significant difference in COMT rs165599 
(co-dominant model: χ2 = 8.922, P = 0.012; 
dominant model: χ2 = 7.096, P = 0.008; reces-
sive model χ2 = 4.354, P = 0.037), and 
rs737865 (co-dominant model: χ2 = 7.565, P = 
0.022; recessive model: χ2 = 7.56, P = 0.006) 
genotypic frequency distribution. Furthermore, 
logistic regression analysis results showed that 
the patients with the GA (adjusted, OR = 0.515, 
CI (95%) = 0.272-0.977, P = 0.048) and AA 
(adjusted, OR = 0.318, CI (95%) = 0.136-0.742, 
P = 0.048) genotypes of COMT rs165599 had 
significantly lower odds of developing cognitive 
decline than the patients with the G/G geno-
type. The rs165599 was found to significantly 
increase the risk of CICI in addictive models 
(OR = 0.556, CI (95%) = 0.365-0.847, P = 
0.037), but not in dominant or recessive mod-
els. Similarly, the A/G (OR = 0.995, CI (95%) = 
0.562-1.762, P = 0.049) and the G/G (OR = 
0.157, CI (95%) = 0.035-0.711, P = 0.049) gen-
otypes of the COMT rs737865 were also signifi-
cantly different from the G/G genotype. When 
comparing the cognitive outcomes of the reces-

Table 6. Identified SNPs by sequencing of COMT (rs4680, rs165599, rs737865), APOE (rs429358, 
rs7412) and BDNF (rs6265) in TNBC group and NTNBC group

SNP
COMT APOE BDNF

rs4680 rs165599 rs737865 rs429358 rs7412 rs6265
CHR 22 22 22 19 19 11
Allele Position 19951271 19956781 19930121 45411941 45412079 27679916
Ref allele G G A T C C
Alt allele A A G C T T
MAF in TNBCs 0.213 0.394 0.241 0.075 0.100 0.463
MAF in NTNBCs 0.262 0.470 0.317 0.094 0.089 0.473
MAF in Database 0.369 0.481 0.227 0.151 0.072 0.201
Call Rate% 100% 100% 99.2% 100% 100% 100%
P for HWE 0.303 0.251 0.360 0.704 0.705 1
P* 0.218 0.005 0.051 0.487 0.746 0.831
Note: Single nucleotide polymorphism (SNP); Chromosome (CHR); Loci alleles on the reference sequence (Ref allele); The 
other allele on the loci (Alt allele); Triple negative breast cancer (TNBC); Non-triple negative breast cancer (NTNBC); Minor allele 
frequency (MAF, data from 1000 Genomes); Hardy-Weinberg equilibrium (HWE), p-value for HWE in TNBC groups; *p-value for 
alleles frequency differences between two groups.
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Table 7. Genetic associations between COMT (rs4680, rs165599, rs737865), APOE (rs429358, 
rs7412), BDNF (rs6265) and cognitive impairment susceptibility

SNP Model Genotype TNBC NTNBC Pa (χ2)
Logistic regression FDR-BH 

adjustedcOR (95% CI) Pb

rs4680 Co-dominant G/G 51 91 - - -
G/A 24 61 0.441 0.747 (0.411-1.358) 0.339 1
A/A 5 13 0.725 (0.243-2.166) 0.564 1

Dominant G/G 51 91 0.201 0.743 (0.424-1.303) 0.300 0.659
G/A+A/A 29 74

Recessive G/G+G/A 75 152 0.647 0.804 (0.274-2.358) 0.691 1
A/A 5 13

Addictive - - - - 0.802 (0.514-1.251) 0.331 0.662
rs6265 Co-dominant T/T 16 38

T/C 42 80 0.812 1.159 (0.613-2.195) 0.650 1
C/C 22 47 0.931 (0.426-2.034) 0.858 1

Dominant T/T 16 38 0.872 1.085 (0.593-1.984) 0.791 0.791
T/C+C/C 64 127

Recessive T/T+T/C 58 118 0.592 0.847 (0.436-1.647) 0.625 1
C/C 22 47

Addictive - - - - 0.977 (0.667-1.433) 0.907 0.907
rs165599 Co-dominant G/G 28 32 - - -

G/A 41 91 0.012 0.515 (0.272-0.977) 0.042 0.048
A/A 11 42 0.318 (0.136-0.742) 0.008 0.048

Dominant G/G 28 32 0.008 0.455 (0.246-0.838) 0.012 0.069
G/A+A/A 52 133

Recessive G/G+G/A 69 123 0.037 0.495 (0.237-1.034) 0.061 0.184
A/A 11 42

Addictive - - - - 0.556 (0.365-0.847) 0.006 0.037
rs737865 Co-dominant A/A 43 80 - - -

A/G 34 62 0.022 0.995 (0.562-1.762) 0.986 0.049
G/G 2 23 0.157 (0.035-0.711) 0.016 0.049

Dominant A/A 43 80 0.385 0.771 (0.445-1.336) 0.354 0.658
A/G+G/G 36 85

Recessive A/A+A/G 77 142 0.006 0.158 (0.036-0.697) 0.015 0.089
G/G 2 23

Addictive - - - - 0.652 (0.422-1.009) 0.055 0.164
rs429358 Co-dominant T/T 68 135 - - -

T/C 12 29 0.682 NA NA 1
C/C 0 1 NA NA 1

Dominant T/T 68 135 0.536 0.812 (0.386-1.709) 0.583 0.700
T/C+C/C 12 30

Recessive T/T+T/C 80 164 0.485 NA NA 1
C/C 0 1

Addictive - - - - 0.812 (0.386-1.709) 0.583 0.700
rs7412 Co-dominant C/C 64 136 - - -

C/T 16 28 0.485 1.364 (0.673-2.764) 0.389 1
T/T 0 1 1.31E-09 (0-inf) 0.993 1

Dominant C/C 64 136 0.646 1.32 (0.653-2.67) 0.439 0.659
C/T+T/T 16 29

Recessive C/C+C/T 80 164 0.485 1.2E-09 (0-inf) 0.999 1
T/T 0 1

Addictive - - - - 1.25 (0.631-2.478) 0.522 0.700
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sive (OR = 0.158, CI (95%) = 0.036-0.697, P = 
0.089), dominant (OR = 0.771, CI (95%) = 
0.445-1.336, P = 0.658), and addictive models 
(OR = 0.652, CI (95%) = 0.422-1.009, P = 

CICI of BC patients occurred with varying 
degrees of severity and was affected by many 
factors, the pathogenesis of which is complex; 
however the exact mechanism is not clear yet 

Note: aThe χ2 test of p values for SNP polymorphisms distribution differences between 2 groups; bp value for logistic regression 
analysis after adjusting for age, years of education, KPS and pathological type; cBy controlling the False Discovery Rate (FDR) 
to determine the threshold of p value; 95% confidence interval (95% CI); The False Discovery Rate (FDR); Triple negative breast 
cancer (TNBC); Non-triple negative breast cancer (NTNBC).

Table 8. Correlation analysis between COMT (rs165599) 
and CICI

Model Genotype B (95% CI) P value
MMSE Dominant G/G 0.049 (-0.426~0.524) 0.840

G/A+A/A
Recessive G/G+G/A 0.075 (-0.425~0.571) 0.768

A/A
Addictive - -0.029 (-0.254~0.349) 0.848

HOM G/G 0.096 (-0.509~0.701) 0.757
HET G/A 0.301 (-0.467~0.528) 0.904

DST Dominant G/G -0.689 (-1.16~-0.218) 0.005
G/A+A/A

Recessive G/G+G/A -0.358 (-0.856~-0.141) 0.161
A/A

Addictive - -0.410 (-0.709~-0.110) 0.008
HOM G/G -0.803 (-1.402~-0.203) 0.009
HET G/A -0.644 (-1.138~-0.151) 0.011

VFT Dominant G/G 0.914 (0.025~1.802) 0.045
G/A+A/A

Recessive G/G+G/A 0.657 (-0.276~1.59) 0.169
A/A

Addictive - 0.611 (0.047~1.175) 0.035
HOM G/G 1.208 (0.078~2.339) 0.037
HET G/A 0.798 (-0.133~1.729) 0.094

PM Dominant G/G 1.166 (-0.1532~2.486) 0.084
G/A+A/A

Recessive G/G+G/A 0.353 (-1.034~1.741) 0.618
A/A

Addictive - 0.601 (-0.239~1.44) 0.162
HOM G/G 1.161 (-0.520~2.842) 0.177
HET G/A 1.169 (-0.216~2.553) 0.099

RM Dominant G/G -1.441 (-2.781~-0.101) 0.036
G/A+A/A

Recessive G/G+G/A -0.639 (-2.05~0.772) 0.376
A/A

Addictive - -0.817 (-1.669~0.035) 0.062
HOM G/G -1.594 (-3.3~0.113) 0.068
HET G/A -1.381 (-2.786~0.024) 0.055

Note: Homozygote (HOM); Heterozygote (HET); Beta, Regression coeffi-
cient; 95% confidence interval (CI (95%)).

0.164), no significant association 
was established for COMT (rs7378- 
65). Neither APOE (rs429358, rs74- 
12) nor BDNF (rs6265) showed any 
statistically significant differences 
between the two groups.

The correlation analysis between 
COMT, APOE, and BDNF gene poly-
morphisms and CICI

As Table 8 shows, the correlation 
analysis between CMOT (rs165599) 
and CICI (MMSE, DST, VFT, RM, and 
PM) demonstrated that the G/G gen-
otype (β = -0.803; CI (95%) = -1.402~-
0.203; P = 0.009), G/A genotype (β = 
-0.644; CI (95%) = -1.138~-0.151; P 
= 0.011), and dominant model (β = 
-0.689, CI (95%) = -1.16~-0.218, P = 
0.005) were significantly associated 
with DST. Specifically, the dominant 
model (β = -1.441, CI (95%) = -2.781~-
0.101) was found to be significantly 
associated with respective memory 
questionnaires.

Discussion

This study demonstrated that the 
results of the neuropsychological 
assessment and PRMQ were signifi-
cantly different in BC patients before 
and after chemotherapy, and signifi-
cantly different in TNBC patients 
compared to NTNBC patients, with 
lower MMSE, lower DST, lower VFT, 
higher RM and higher PM scores. In 
addition, the distribution of alleles 
and genotypes of COMT (rs165599) 
between the TNBC and NTNBC 
groups was significantly different, 
and had an obvious linearity (β = 
-1.441, CI (95%) = -2.781~-0.101) 
with the RM questionnaires.
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[24, 25]. A large number of studies have docu-
mented that cognitive impairment was a com-
monly occurring problem in BC patients after 
chemotherapy, involving several cognitive 
areas such as memory, attention, and execu-
tive functions, of which the decline or loss of 
memory was the most prominent feature [26-
28], Cheng et al. found that BC patients, after 
adjuvant chemotherapy, showed deficits in PM 
questionnaires [29]. More importantly, the con-
sequence of CICI was even more worrying than 
recurrence and metastasis of the tumor in the 
long-term survival patients with BC [30]. Sahin 
et al. found that the cognitive dysfunction seen 
in BC patients after chemotherapy severely 
affected the quality of daily life [31]. In our 
study, the MMSE, DST, and VFT scores were 
significantly decreased after chemotherapy 
compared to before chemotherapy. Meanwhile, 
RM and PM scores were significantly increased 
after chemotherapy. Our data analysis verified 
the conclusion that BC patients have consider-
able memory decline after chemotherapy.

As a distinct type of BC, TNBC has unique clini-
cal features and biological behavior. Clinically, 
chemotherapy is commonly used in the treat-
ment of TNBC because of its high sensitivity; 
however, the recurrence and metastasis rate 
are still higher than in NTNBC patients. Liedtke 
et al. found that TNBC patients have a higher 
recurrence with the risk of death post-opera-
tively in the first 3 years compared with that of 
NTNBC patients [32]. In this study, we focused 
on a series of CICIs between TNBC and NTNBC 
patients, including cognitive neuropsychologi-
cal investigation of MMSE, DST, VFT, and PRMQ. 
Our data analysis demonstrated that the 
MMSE, DST, and VFT scores in TNBC patients 
after chemotherapy were significantly higher 
compared to those in NTNBC patients. 
Meanwhile, the RM and PM scores in TNBC 
patients were significantly lower than in NTNBC 
patients. This provides evidence of CICI in TNBC 
survivors.

The mechanism of CICI is complicated in BC, 
and the integrity of the human genome plays a 
key role in the biological systems (including 
brain tissue) normal functions [33]. Newhouse 
et al. found that estrogen and progesterone 
affect cognitive function by influencing the 
brain cholinergic system [34]. A large number 
of studies have found that hormones not only 
provide neurotrophic and protective effects, 

but also enhance and maintain speech and 
memory function [35]. The prefrontal lobe and 
hippocampus memory area in the brain are the 
main target organs of estrogen and progester-
one. Yuen et al. found that stress-induced glu-
tamatergic deficits and memory impairment 
are influenced by the blocking of estrogen 
receptors or aromatase in females [36]. 
Masuda et al. found that the prognosis of BC 
was related to the expression of estrogen, pro-
gesterone, and human epidermal growth fac-
tor-2 [37]. CICI has significant heterogeneity for 
BC survivors. The relationship between genetic 
risk factors and chemotherapy-induced memo-
ry impairment in TNBC survivors will be elabo-
rated on in this study.

The mechanism of CICI is complicated in BC. A 
previous study demonstrated that COMT, BDNF, 
and APOE play key roles in aging and neuro-
cognitive functioning [38]. COMT gene polymor-
phism is a common genetic variant affecting 
cognition and prefrontal dopamine levels [39, 
40]. Our study observed that TNBC patients 
performed more poorly than NTNBC patients 
on tests of cognitive neuropsychology including 
on PRMQs, further supporting that certain 
COMT (rs165599) genotypes could modify the 
presence of cognitive differences as a function 
of BC treatment, especially on the RM ques-
tionnaires. The potential mechanism for the 
interaction between chemotherapy and COMT 
polymorphisms in TNBC survivors is not clear. 
As an enzyme that can methylate estrogen 
metabolites resulting in their inactivation, past 
research found that the COMT gene possesses 
a G→A structural polymorphism at codon 158, 
resulting in a methionine (Met/A) instead of 
valine (Val/G), and the enzyme activity of the 
A/A genotype was 2-4 fold lower than that of 
G/G carriers [41]. The observation that PM and 
RM performance among TNBC survivors after 
chemotherapy is poor, is consistent with predic-
tions regarding the effect of chemotherapy on 
the frontal lobes of cancer survivors, as well as 
the role of dopamine in the functioning of these 
brain structures [42]. We speculated that TNBC 
patients who were A allele carriers of COMT 
(rs165599) may exhibit poorer memory perfor- 
mance.

There are several limitations worthy of discus-
sion. First, this study was entirely composed of 
the Han population; whether the observed 
results can be applied to other diverse popula-
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tions is not clear. The second is the lack of suf-
ficient numbers of TNBC and NTNBC patients. 
Future studies should include a large sample of 
BC patients who have undergone chemothera-
py to examine the reliability and validity of neu-
ropsychological tests, and to validate whether 
memory impairment is a feature of BC patients 
after completion of chemotherapy. The third 
limitation is that this is a cross-sectional study 
of small sample size, and it failed to observe 
any dominant pattern of deficits that could be 
associated with a particular brain region. 
Neuroimaging evidence can be applied to simi-
lar future studies. 

In conclusion, our study found some differenc-
es in PM and RM impairment and genetic poly-
morphisms in TNBC patients; however, addi-
tional evidence is required through further 
large follow-up studies to confirm our observa-
tions. These results indicate that CICI may be 
correlated to differential expression of the 
COMT (rs165599) polymorphism, and this cor-
relation may play an important role in the 
understanding of risk factors for poorer cogni-
tive health among TNBC patients after chemo-
therapy, and not only provides a data analysis 
between TNBC and NTNBC patients, but also 
provides molecular biological mechanisms of 
CICI for BC patients.

Acknowledgements

This research was supported by the National 
Natural Science Foundation of China (No. 
81372487).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Huaidong Cheng, 
Department of Oncology, The Second Affiliated 
Hospital of Anhui Medical University, No. 678 Furong 
Road, Hefei 230601, China. Tel: +8655163869542; 
Fax: +8655163869400; E-mail: chd1975ay@126.
com; Dr. Kai Wang, Neuropsychological Laboratory, 
Department of Neurology, The First Affiliated Hos- 
pital of Anhui Medical University. No. 218 Jixi Road, 
Hefei 230022, China. E-mail: wangkai1964@126.
com

References

[1] DeSantis CE, Fedewa SA, Goding Sauer A, 
Kramer JL, Smith RA and Jemal A. Breast can-

cer statistics, 2015: Convergence of incidence 
rates between black and white women. CA 
Cancer J Clin 2016; 66: 31-42.

[2] Pullens MJ, De Vries J, Van Warmerdam LJ, Van 
De Wal MA and Roukema JA. Chemotherapy 
and cognitive complaints in women with breast 
cancer. Psychooncology 2013; 22: 1783-
1789.

[3] Lawrence JA, Griffin L, Balcueva EP, Grotel-
uschen DL, Samuel TA, Lesser GJ, Naughton 
MJ, Case LD, Shaw EG and Rapp SR. A study of 
donepezil in female breast cancer survivors 
with self-reported cognitive dysfunction 1 to 5 
years following adjuvant chemotherapy. J Can-
cer Surviv 2016; 10: 176-184.

[4] Park JH, Bae SH, Jung YS and Jung YM. [Preva-
lence and characteristics of chemotherapy-re-
lated cognitive impairment in patients with 
breast cancer]. J Korean Acad Nurs 2015; 45: 
118-128.

[5] Hermelink K. Acute and late onset cognitive 
dysfunction associated with chemotherapy in 
women with breast cancer. Cancer 2011; 117: 
1103; author reply 1103-1104.

[6] Root JC, Andreotti C, Tsu L, Ellmore TM and 
Ahles TA. Learning and memory performance 
in breast cancer survivors 2 to 6 years post-
treatment: the role of encoding versus forget-
ting. J Cancer Surviv 2016; 10: 593-599.

[7] Donges B, Haupt LM, Lea RA, Chan RC, Shum 
DH and Griffiths LR. Role of the apolipoprotein 
E and catechol-O-methyltransferase genes in 
prospective and retrospective memory traits. 
Gene 2012; 506: 135-140.

[8] McDaniel MA and Einstein GO. The neuropsy-
chology of prospective memory in normal ag-
ing: a componential approach. Neuropsycholo-
gia 2011; 49: 2147-2155.

[9] Bedard M, Verma S, Collins B, Song X and Pa-
quet L. Prospective memory impairment in 
chemotherapy-exposed early breast cancer 
survivors: Preliminary evidence from a clinical 
test. J Psychosoc Oncol 2016; 34: 291-304.

[10] Jim HS, Phillips KM, Chait S, Faul LA, Popa MA, 
Lee YH, Hussin MG, Jacobsen PB and Small 
BJ. Meta-analysis of cognitive functioning in 
breast cancer survivors previously treated with 
standard-dose chemotherapy. J Clin Oncol 
2012; 30: 3578-3587.

[11] Dixon RA, DeCarlo CA, MacDonald SW, Vergote 
D, Jhamandas J and Westaway D. APOE and 
COMT polymorphisms are complementary bio-
markers of status, stability, and transitions in 
normal aging and early mild cognitive impair-
ment. Front Aging Neurosci 2014; 6: 236.

[12] Desmeules J, Chabert J, Rebsamen M, Rapiti 
E, Piguet V, Besson M, Dayer P and Cedraschi 
C. Central pain sensitization, COMT Val158Met 
polymorphism, and emotional factors in fibro-
myalgia. J Pain 2014; 15: 129-135.

mailto:chd1975ay@126.com
mailto:chd1975ay@126.com


COMT gene polymorphism in breast cancer patients

5096 Am J Transl Res 2016;8(11):5087-5097

[13] Barnett JH, Scoriels L and Munafo MR. Meta-
analysis of the cognitive effects of the cate-
chol-O-methyltransferase gene Val158/108- 
Met polymorphism. Biol Psychiatry 2008; 64: 
137-144.

[14] Schacht JP. COMT val158met moderation of 
dopaminergic drug effects on cognitive func-
tion: a critical review. Pharmacogenomics J 
2016; 16: 430-8.

[15] Wishart HA, Roth RM, Saykin AJ, Rhodes CH, 
Tsongalis GJ, Pattin KA, Moore JH and McAllis-
ter TW. COMT Val158Met Genotype and Indi-
vidual Differences in Executive Function in 
Healthy Adults. J Int Neuropsychol Soc 2011; 
17: 174-180.

[16] Savitz J, van der Merwe L, Newman TK, Stein 
DJ and Ramesar R. Catechol-o-methyltransfer-
ase genotype and childhood trauma may inter-
act to impact schizotypal personality traits. 
Behav Genet 2010; 40: 415-423.

[17] Schiepers OJ, Harris SE, Gow AJ, Pattie A, Brett 
CE, Starr JM and Deary IJ. APOE E4 status pre-
dicts age-related cognitive decline in the ninth 
decade: longitudinal follow-up of the Lothian 
Birth Cohort 1921. Mol Psychiatry 2012; 17: 
315-324.

[18] Ahles TA, Saykin AJ, Noll WW, Furstenberg CT, 
Guerin S, Cole B and Mott LA. The relationship 
of APOE genotype to neuropsychological per-
formance in long-term cancer survivors treated 
with standard dose chemotherapy. Psy-
chooncology 2003; 12: 612-619.

[19] Koleck TA, Bender CM, Sereika SM, Ahrendt G, 
Jankowitz RC, McGuire KP, Ryan CM and Con-
ley YP. Apolipoprotein E genotype and cognitive 
function in postmenopausal women with early-
stage breast cancer. Oncol Nurs Forum 2014; 
41: E313-325.

[20] Wefel JS, Saleeba AK, Buzdar AU and Meyers 
CA. Acute and late onset cognitive dysfunction 
associated with chemotherapy in women with 
breast cancer. Cancer 2010; 116: 3348-3356.

[21] Savitz J, Solms M and Ramesar R. The molecu-
lar genetics of cognition: dopamine, COMT and 
BDNF. Genes Brain Behav 2006; 5: 311-328.

[22] Dooley LN, Ganz PA, Cole SW, Crespi CM and 
Bower JE. Val66Met BDNF polymorphism as a 
vulnerability factor for inflammation-associat-
ed depressive symptoms in women with breast 
cancer. J Affect Disord 2016; 197: 43-50.

[23] Bauer KR, Brown M, Cress RD, Parise CA and 
Caggiano V. Descriptive analysis of estrogen 
receptor (ER)-negative, progesterone receptor 
(PR)-negative, and HER2-negative invasive 
breast cancer, the so-called triple-negative 
phenotype: a population-based study from the 
California cancer Registry. Cancer 2007; 109: 
1721-1728.

[24] Cheung YT, Ng T, Shwe M, Ho HK, Foo KM, 
Cham MT, Lee JA, Fan G, Tan YP, Yong WS, 
Madhukumar P, Loo SK, Ang SF, Wong M, Chay 
WY, Ooi WS, Dent RA, Yap YS, Ng R and Chan A. 
Association of proinflammatory cytokines and 
chemotherapy-associated cognitive impair-
ment in breast cancer patients: a multi-cen-
tered, prospective, cohort study. Ann Oncol 
2015; 26: 1446-1451.

[25] Crowgey T, Peters KB, Hornsby WE, Lane A, Mc-
Sherry F, Herndon JE 2nd, West MJ, Williams 
CL and Jones LW. Relationship between exer-
cise behavior, cardiorespiratory fitness, and 
cognitive function in early breast cancer pa-
tients treated with doxorubicin-containing che-
motherapy: a pilot study. Appl Physiol Nutr 
Metab 2014; 39: 724-729.

[26] Collins B, Mackenzie J, Tasca GA, Scherling C 
and Smith A. Persistent cognitive changes in 
breast cancer patients 1 year following com-
pletion of chemotherapy. J Int Neuropsychol 
Soc 2014; 20: 370-379.

[27] Tager FA, McKinley PS, Schnabel FR, El-Tamer 
M, Cheung YK, Fang Y, Golden CR, Frosch ME, 
Habif U, Mulligan MM, Chen IS and Hershman 
DL. The cognitive effects of chemotherapy in 
post-menopausal breast cancer patients: a 
controlled longitudinal study. Breast Cancer 
Res Treat 2010; 123: 25-34.

[28] Kanaskie ML and Loeb SJ. The experience of 
cognitive change in women with breast cancer 
following chemotherapy. J Cancer Surviv 2015; 
9: 375-387.

[29] Cheng H, Yang Z, Dong B, Chen C, Zhang M, 
Huang Z, Chen Z and Wang K. Chemotherapy-
induced prospective memory impairment in 
patients with breast cancer. Psychooncology 
2013; 22: 2391-2395.

[30] Kesler S, Hadi Hosseini SM, Heckler C, Janel-
sins M, Palesh O, Mustian K and Morrow G. 
Cognitive training for improving executive func-
tion in chemotherapy-treated breast cancer 
survivors. Clin Breast Cancer 2013; 13: 299-
306.

[31] Sahin ZA and Tan M. Quality of Life and Symp-
tom Experience of Breast Cancer Patients Un-
dergoing Chemotherapy. Holist Nurs Pract 
2016; 30: 193-200.

[32] Liedtke C, Mazouni C, Hess KR, Andre F, Tordai 
A, Mejia JA, Symmans WF, Gonzalez-Angulo 
AM, Hennessy B, Green M, Cristofanilli M, Hor-
tobagyi GN and Pusztai L. Response to neoad-
juvant therapy and long-term survival in pa-
tients with triple-negative breast cancer. J Clin 
Oncol 2008; 26: 1275-1281.

[33] Kim D and Tsai LH. Linking cell cycle reentry 
and DNA damage in neurodegeneration. Ann N 
Y Acad Sci 2009; 1170: 674-679.



COMT gene polymorphism in breast cancer patients

5097 Am J Transl Res 2016;8(11):5087-5097

[34] Newhouse P and Dumas J. Estrogen-choliner-
gic interactions: Implications for cognitive ag-
ing. Horm Behav 2015; 74: 173-185.

[35] Liu J, Lin H, Huang Y, Liu Y, Wang B and Su F. 
Cognitive effects of long-term dydrogesterone 
treatment used alone or with estrogen on rat 
menopausal models of different ages. Neuro-
science 2015; 290: 103-114.

[36] Yuen EY, Wei J and Yan Z. Estrogen in prefron-
tal cortex blocks stress-induced cognitive im-
pairments in female rats. J Steroid Biochem 
Mol Biol 2016; 160: 221-226.

[37] Masuda H, Masuda N, Kodama Y, Ogawa M, 
Karita M, Yamamura J, Tsukuda K, Doihara H, 
Miyoshi S, Mano M, Nakamori S and Tsujinaka 
T. Predictive factors for the effectiveness of 
neoadjuvant chemotherapy and prognosis in 
triple-negative breast cancer patients. Cancer 
Chemother Pharmacol 2011; 67: 911-917.

[38] Papenberg G, Salami A, Persson J, Lindenberg-
er U and Backman L. Genetics and functional 
imaging: effects of APOE, BDNF, COMT, and 
KIBRA in aging. Neuropsychol Rev 2015; 25: 
47-62.

[39] Loch AA, van de Bilt MT, Bio DS, Prado CM, de 
Sousa RT, Valiengo LL, Moreno RA, Zanetti MV 
and Gattaz WF. Epistasis between COMT Val-
158Met and DRD3 Ser9Gly polymorphisms 
and cognitive function in schizophrenia: ge-
netic influence on dopamine transmission. 
Rev Bras Psiquiatr 2015; 37: 235-241.

[40] Twamley EW, Hua JP, Burton CZ, Vella L, Chinh 
K, Bilder RM and Kelsoe JR. Effects of COMT 
genotype on cognitive ability and functional ca-
pacity in individuals with schizophrenia. 
Schizophr Res 2014; 159: 114-117.

[41] Ho PW, Tse ZH, Liu HF, Lu S, Ho JW, Kung MH, 
Ramsden DB and Ho SL. Assessment of cellu-
lar estrogenic activity based on estrogen re-
ceptor-mediated reduction of soluble-form 
catechol-O-methyltransferase (COMT) expres-
sion in an ELISA-based system. PLoS One 
2013; 8: e74065.

[42] Stewart A, Bielajew C, Collins B, Parkinson M 
and Tomiak E. A meta-analysis of the neuro-
psychological effects of adjuvant chemothera-
py treatment in women treated for breast can-
cer. Clin Neuropsychol 2006; 20: 76-89.


