
https://doi.org/10.1177/11795549241290796

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Clinical Medicine Insights: Oncology
Volume 18: 1–8
© The Author(s) 2024
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/11795549241290796

Introduction
Worldwide, breast cancer (BC) stills a prevalent and complex 
health concern affecting millions of patients and one of the 
commonly malignant cancers affecting women.1,2 It is devel-
oped and obtained as a result of many external and internal 
factors.1 It has been suggested that 20% to 30% of BCs can be 
associated with modifiable factors and about 5% to 10% of BCs 
can be associated with family history and genetic mutations.3 
Declined and unsatisfactory BC survival rates, particularly in 
developing countries, are mainly due to the insufficiency of 
early detection programs, the lack of adequate treatment and 
diagnosis facilities, delays related to treatment, and the conse-
quence high percentage of women presenting with late-stage 
BC.4 Regarding BC early detection, there is a great challenge 
due to some noted limitations of the varied available approaches, 
especially mammography, including low sensitivity and high 

false-positive rates.5 Also, carcinoembryonic antigen (CEA) 
and cancer antigen (CA) 15-3 are the most relevant tumor 
markers in BC and both are correlated with tumor nodal 
involvement and tumor size.6,7 Despite that, they cannot be 
recommended for BC screening due to their low sensitivity at 
primary diagnosis and they are useful tools only in therapy 
monitoring and follow-up.6,7

So, there is a significant requirement for evaluating novel 
and reliable biomarkers to aid in BC early detection, facilitate 
targeted therapeutic approaches development, enable precise 
disease behavior prediction and enhance prognostic accuracy.8 
Accumulating evidence demonstrated that DNA methylation 
may play important role for BC progression and development.9 
Within a cytosine guanine (CpG) dinucleotide, DNA methyla-
tion involves the methyl group addition to carbon 5-position of 
cytosine.10 This molecular event is definitive for many critical 
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cellular mechanisms, including genomic stability and imprint-
ing, X-chromosome inactivation, gene expression regulation, 
and embryonic development.11 Aberrant DNA hypermethyla-
tion and hypomethylation patterns have been reported as criti-
cal players in tumorigenesis, promoting tumor suppressor genes 
silencing and oncogenes expression.12 Thus, as a cancer-related 
biomarker, abnormal DNA methylation could be aid in tumor, 
including BC, prognosis, and early detection.11

Aldo-keto reductase family 1 (AKR1) is one of AKR 16 fam-
ily families which are divided into members and subfamilies 
according to their amino acid sequence identity.13 Subfamily B 
of AKR1 is comprises 3 members: AKR1B1, AKR1B10, and 
AKR1B15.14 AKR1B1 gene (18 kb long) is located on chromo-
some 7q33 and its coding transcript involves 10 exons.15 
Biologically, AKR1B1 catalyzes many aldehydes to alcohols 
consuming NADPH. However, its ability to reduce different 
substrates renders difficult to completely ensure its biological 
role.16 In several tumors such as BC, rectal, cervical, and ovarian 
cancers, AKR1B1 overexpression was indicated using immunob-
lotting.17 AKR1B1 upregulation was reported in BC cell lines 
basal subtype and in triple-negative BC (TNBC).18 Although 
reports assessing AKR1B1 expression could not clearly highlight 
its effect on BC, great evidence demonstrated that AKR1B1 
could play an important role in BC tumorigenesis.19

Till now, most studies have evaluated small number of genes 
in BC.20 Furthermore, few studies have evaluated regarding 
AKR1B1 promoter gene methylation among other genes in 
BC,21,22 regardless BC clinicopathological data, including 
tumor subtypes, stage, grade, lymph node invasion, estrogen 
receptor, progesterone receptor, and HER2 protein status. 
Thus, this research aimed to evaluate the aberrant AKR1B1 
methylation patterns among BC Egyptian cases in comparison 
with other noncancer participants (with benign breast diseases 
and healthy controls). Also, we aimed to evaluate its diagnostic 
ability compared with established tumor markers (CEA and 
CA15.3) and to evaluate the association of AKR1B1 methyla-
tion patterns and the disease clinicopathological features.

Materials and Methods
Patients

A retrospective study was performed in a total of 120 newly 
diagnosed Egyptian patients with primary BC. Moreover, as 
controls, 40 age-matched female cases with breast benign dis-
orders and 40 age-matched healthy females were included. 
Patients were radiologically, clinically, and if available, patho-
logically diagnosed for BC at Mansoura University Oncology 
Center, Egypt from January 2022 to January 2023. Patients 
with any other tumors and/or received any type of therapy were 
excluded. Medical reports of cases were reviewed and clinico-
pathological data, including age, TNM stage,23 her2neu expres-
sion, progesterone and estrogen receptors status, and histological 
grade, were obtained. The study protocol was ethically approved 
by the Institutional Research Board of Mansoura University.

Extraction of DNA

Before any interventions, venous blood (5 mL) was collected 
from all participants, into sterile plain tubes. Serum was sepa-
rated (by centrifugation [4000 rpm, 10 minutes]) and stored at 
−20°C until its use for quantifying AKR1B1 promoter gene 
methylation and detecting tumor markers. Commercial DNA 
Min kit (Qiagen, Germany, Cat 51104) was used for DNA 
extraction based on spin column and according to manufac-
turer’s recommendations. The concentration and purity of the 
produced DNA were detected using Nano-drop spectropho-
tometer (Quawell, Scribner, USA) then stored (−20°C) till fur-
ther analysis.

Methylation pattern

AKR1B1 methylation profile was assessed using EpiTect 
Methyl II quantitative polymerase chain reaction (qPCR) 
System (Qiagen, Germany). In step 1, 4 equal genomic DNA 
aliquots were subjected to 4 different tubes, mock (M0), meth-
ylation-sensitive dependent (Msd), methylation-dependent 
(Md), and methylation-sensitive (Ms) enzymes. Using thermal 
cycler (SureCycler 8800, Santa Clara, California), all tubes 
were incubated for 6 hours at 37°C and for 20 minutes at 65°C. 
In step 2, system of Max3005P QPCR (Stratagene, Agilent 
Technologies, Santa Clara, California) was used and directly 
the enzyme reactions were mixed with qPCR master mix (RT2 
qPCR SYBR Green/ROX Master Mix) and were dispensed 
into a plate containing pre-aliquoted primer mixes (EpiTect 
Methyl II qPCR Primer Assay). Cycle conditions were 95°C 
for 10 minutes (1 cycle), 99°C for 30 seconds and 72°C for 
1 minute (3 cycles), and finally 97°C for 15 seconds and 72°C 
for 1 minute (40 cycles). Relative quantities of unmethylated 
and methylated DNA were automatically calculated by pasting 
raw ΔCT values into pre-performed data analysis spreadsheet 
(EpiTect Methyl II PCR Array Microsoft Excel based data 
analysis template).

BC markers

Based on manufacturer’s instructions, all cases and controls, 
after diagnosis and sample collection, were tested for CA 15.3 
and CEA using commercial enzyme-linked immunosorbent 
assay (ELISA) kit (MyBioSource, San Diego, California).

Statistical analyses

Based on normality distribution, variables were descriped as 
absolute numbers, mean ± SD or median (interquartile range, 
IQR), appropriately. Difference between different groups was 
assessed using analysis of variance (ANOVA) and Kruskal-
Wallis for normally and non-normally distributed values, 
respectively, and Fisher least significant difference as post hoc 
test. P value < .05 was significant. The degree of AKR1B1 
methylation and BC biomarkers were subjected to receiver 
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operating characteristic (ROC) curve24 to identify their diag-
nostic power. For determining the correlation of AKR1B1 
methylation degree with different variables, Pearson and 
Spearman correlations were assessed, appropriately. All results 
were analyzed using GraphPad prism and SPSS (Chicago, 
Illinois) programs.

Results
Characteristics of participants

Cases and controls data are summarized in Table 1. At time of 
diagnosis, BC cases, patients with benign breast diseases, and 
healthy controls were age-matched (P = .902). Pathologically, 
breast benign diseases in this study included fibrocystic 
changes, intraductal papillomatosis, and follicular hyperplasia. 
Most of participants were premenopausal women. Also, data 
about tumor invasion, stage, grade, lymph node invasion, hor-
mones (estrogen and progesterone) receptors status, and 
HER-2 protein expression are shown in Table 1.

AKR1B1 methylation was associated with BC 
development

Despite BC tumor markers CEA and CA15.3 (Table 1), 
AKR1B1 methylation pattern was distinctly (P < .0001) asso-
ciated with patients with BC. As expressed by median (IQR), 
BC (93.2 [75.4-98.6]) cases displayed significantly (P < .0001) 
greater degree of AKR1B1 methylation in comparison with 
benign (23.9 [22.6-48.3]) breast disorders and healthy (15.5 
[10.6-16]) females (Figure 1A).

Accuracy of AKR1B1 methylation in BC diagnosis

To determine its diagnostic ability, ROC curve analysis was 
performed for AKR1B1 DNA methylation and the optimal 
cutoff value was assessed. Despite CA 15-3 (AUC = 0.681; 
P = .010) and CEA (AUC = 0.539; P = .465) (Table 2), AKR1B1 
DNA methylation had superior (AUC = 0.909; P < .0001; 
Figure 1B) diagnostic ability for diagnosing BC from all non-
cancers (benign and healthy combined). When comparing BC 
with only benign breast disorders, AKR1B1 DNA methylation 
ability to detect BC did not markedly alter (Figure 1C) indi-
cating its cancer specification. Furthermore, this power rises to 
absolute value AUC = 1.00 (P < .0001) when comparing BC 
with only healthy controls (Figure 1D). Interestingly, AKR1B1 
methylation reported to be significant in identifying BC early 
stages and grades (Table 2).

Methylation degree was positively correlated with 
disease severity

AKR1B1 hypermethylation was related to BC advanced stages 
(Figure 2A), high histological grades (Figure 2B), and lymph 
node invasion (Figure 2C), and this is independent to 

hormonal status and HER2neu expression (Figure 2D to F). 
Also, AKR1B1 high degrees of methylation were significantly 
correlated with the increase in CEA, CA-15.3 and tumor 
stages, grades, and lymph node invasion (Table 3). Interestingly, 
regarding BC molecular subtypes, TNBC (which is particu-
larly difficult to treat) was significantly (P = .016) associated 
with AKR1B1 high degrees of methylation (Figure 3) com-
pared with luminal subtypes.

Discussion
Screening methods, particularly mammography, can help 
reduce BC-related mortality rate by about 28% to 45%. 
However, in young cases and patients with small breasts, its use 
is limited by false-negative diagnosis possibility, dense breast 
lesions poor discrimination, and high radiation.25,26 Regarding 
early detection, there is a great challenge in the light of the 
limitations of available prognostic and diagnostic techniques, 
including false-positive results and low sensitivity.5 In this 
study, we analyzed and evaluated AKR1B1 methylation profile 
in BC Egyptian patients as an efficient genetic marker for BC. 
AKR1B1 methylation showed high specificity and sensitivity 
for BC early diagnosis.

There were some studies that demonstrated a potential 
association of AKR1B1 DNA methylation and BC develop-
ment.21,22,27 However, these studies did not include sufficient 
number of samples, almost did not include benign breast dis-
eases, there is almost no study focusing on the association of 
AKR1B1 hypermethylation or hypomethylation and the dis-
ease severity. Here, AKR1B1 methylation was distinctly 
(P < .0001) related to BC (93.2 [75.4-98.6]) development as 
it displayed greater degree of hypermethylation compared 
with benign disorders (23.9 [22.6-48.3]) and healthy (15.5 
[10.6-16]) females. Receiver operating characteristic curve 
revealed a great diagnostic power for AKR1B1 methylation 
(AUC = 0.909) that was superior to CA 15-3 (AUC = 0.681) 
and CEA (AUC = 0.539). When comparing BC with only 
benign breast disorders, AKR1B1 methylation ability to 
detect BC did not markedly change and raised to absolute 
value AUC = 1.00 comparing BC with only healthy controls. 
Interestingly, AKR1B1 hypermethylation was reported to be 
significant in identifying BC early stages (AUC = 0.899) and 
grades (AUC = 0.903).

In a trial to obtain a comprehensive gene methylation signa-
ture of HER2-positive BC, Lindqvist et al21 reported AKR1B1-
specific gene methylation. Among a panel of 19 candidate 
genes, de Groot et al found that AKR1B1 promoters were sig-
nificantly differentially methylated in BC versus normal tis-
sues. They found that AKR1B1 and TM6SF1 could diagnosed 
BC (AUC = 0.986) efficiently.22 In a range of BC cell lines, Le 
et  al27 using methylation-sensitive high-resolution melting 
found that AKR1B1 methylation was specific for epithelial BC 
cell lines.
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Figure 1.  AKR1B1 methylation and breast cancer development. (A) Patients with breast cancer were significantly related to hypermethylated AKR1B1. 

The ROC curve revealed that AKR1B1 methylation had a great diagnostic power for separating breast cancer from (B) all noncancer individuals (benign, 

healthy combined), (C) benign disorders, and (D) healthy controls.

Table 1.  Characteristics of participants.

Parameter Breast cancer Benign Healthy P value

Number 120 40 40 —

Age, y 52.3 ± 9.1 51.9 ± 9.2 51.45 ± 9.0 .902

Menopause (pre-/post-menopausal) 75/45 27/13 26/14 .923

CEA (ng/mL) 12 (8.1-16.8) 14.3 (8.9-15.2) 7.9 (5.5-10.7) .016

CA-15.3 (U/mL) 22.1 (14.1-24.1) 16.9 (12.8-21.9) 11.9 (10.9-14) .0020

Methylated AKR1B1 93.2 (75.4-98.6) 23.9 (22.6-48.3) 15.5 (10.6-16) <.0001

Invasion (Insitu/Invasive) 48/72 — — —

Tumor depth (T ⩽ 2/T > 2) 51/69 — — —

Tumor grade (G1/G2-3) 45/75 — — —

Lymph node invasion (negative/positive) 59/61 — — —

Estrogen receptor (negative/positive) 60/60 — — —

Progesterone receptor (negative/positive) 42/78 — — —

HER-2/neu (negative/positive) 42/78 — — —

Luminal (ER/PR+) A (HER2−)/B(HER2+) 12/78 — — —

Non-luminal HER2+ (ER-/PR-/HER2+) 0 — — —

Triple negative (ER-/PR-/HER2-) 30 — — —

Differences between groups were established by ANOVA test or χ2 test appropriately. P < .05 is significant.
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In this study, independent to hormonal status and HER2neu 
expression, AKR1B1 hypermethylation was related to BC 
advanced stages, high histological grades, and lymph node 
invasion. Moreover, high methylation degrees were signifi-
cantly correlated with the increase in CEA (r = .195; P = .027), 
CA-15.3 (r = .351; P = .0001) and tumor stages (r = .274; 
P = .014), grades (r = .253; P = .024), and lymph node invasion 
(r = .275; P = .014).

This result may align with findings of previous studies. 
Among a total of 21 491 identified differentially methylated 
regions, Luo et al28 found that the promoter methylation levels 
of AKR1B1 was increased in positive lymph node compared 
with the LN-negative BC. Also, highly methylated AKR1B1 
gene promoters were also found in ER-positive and HER2-
negative BC with axillary lymph node metastasis.28 Benezeder 
et al29 assessed multigene methylation analysis of enriched cir-
culating tumor cells (CTCs) and they found that there was an 
association of these genes, including AKR1B1, methylation, 

and poor progression-free survival in patients with metastatic 
BC. Patients with CTCs unmethylated genes exhibited signifi-
cantly longer progression-free survival compared with cases 
with methylated CTCs.29 Recently, an increase in AKR1B1 
methylation during treatment was reported to be correlated 
with a higher residual cancer burden and a decrease in this 
marker was found in cases who responded to treatment, but not 
in cases who did not respond.30 All of these indicating that 
AKR1B1 DNA methylation may have a potential role in BC 
aggressiveness and its prognostic use in BC may need further 
investigations.

AKR1B1 role in cancer is not totally clear but increasing 
evidence is demonstrating to have a great impact on tumor 
progression. It could involve in a complicated network of 
miRNAs, proteins, and signaling pathways mediating mech-
anisms such as epithelial to mesenchymal transition, cell 
cycle, inflammatory responses, cell apoptosis, and survival.19 
In cancer, AKR1B1 overexpression has been related to 

Table 2.  Diagnostic power of AKR1B1 methylation against CEA and CA-15.3.

Marker AUC (95% CI) P value Cutoff Sen. (%) Sp. (%) PPV (%) NPV (%) Accuracy (%)

Breast cancer vs all noncancers

  CEA 0.539
0.44-0.64

.465 >9 70 40 65.1 45.5 58.5

  CA-15.3 0.681
0.60-0.78

.010 >13 75 48 69.8 54.5 64.6

  AKR1B1 methylation 0.909
0.84-0.97

<.0001 >45 98 86 91 96 93

Breast cancer vs. healthy females

  CEA 0.669
0.56-0.78

.020 >9 70 65 88.9 35.1 69

  CA-15.3 0.686
0.60-0.78

<.001 >13 75 65 89.6 39.4 73

  AKR1B1 methylation 1.00
1.0-1.0

<.0001 >45 98 100 100 96 99

Early stages from all noncancers

  CEA 0.469
0.33-0.60

.632 >9 60 40 60 40 52

  CA-15.3 0.671
0.58-0.76

.003 >13 70 48 67 51 61

  AKR1B1 methylation 0.899
0.83-0.97

<.0001 >45 100 86 92 100 95

Low grades from all noncancers

  CEA 0.418
0.28-0.56

.222 >9 60 40 60 40 52

  CA-15.3 0.675
0.58-0.77

.003 >13 70 48 67 51 61

  AKR1B1 methylation 0.903
0.83-0.97

<.0001 >45 100 86 92 100 95

Abbreviations: AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; Sen, sensitivity; Sp, specificity.
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inflammatory mediators, cell cycle mediators, survival pro-
teins and pathways such as protein kinase B or Akt and 
mammalian target of rapamycin (mTOR), and other regula-
tory factors in response to prostaglandin and reactive oxygen 

species synthesis.19 Despite that the exact mechanism linked 
hypermethylated AKR1B1 with BC progression remains elu-
sive and there is a need to conduct more clinical studies to 
reveal this association.

Figure 2.  Distribution of AKR1B1 methylation degree according to tumor (A) stages, (B) grades, (C) lymph node invasion, (D) estrogen and (E) 

progesterone receptors, and (F) HER2 expression.
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Conclusions
Our study results revealed that AKR1B1 DNA hypermethyla-
tion was related to early BC development. From benign pre-
malignant breast diseases, high methylation degrees could 
accurately predict BC. So, AKR1B1 methylation could specifi-
cally facilitate early BC screening so as to give accurate and 
timely decisions. This study is limited because of it include a 
single-center cohort and is retrospective in nature. Thus, there 
is an urgent need for future more multicentric comprehensive 
researches to determine AKR1B1 methylation-specific role in 
BC pathogenesis and aggressiveness.
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