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Abstract

Differences in Ca 15-3 and Homocysteine 
Levels in Patients with Benign Tumor and 
Breast Cancer 
Mathink Toonov ANUGERAWATI1, Indranila Kustarini SAMSURIA2, I Edward Kurnia Setiawan 
LIMIJADI2, Dwi RETNONINGRUM2, Banundari RACHMAWATI2*

More than 25% of women have complaints related to breast lumps during their lifetime and approximately 
12% have breast cancer. Cancer antigen 15-3 and homocysteine can be used as biomarkers in breast 
cancer. Breast cancer produces pro-inflammatory cytokines that can lead to increased CA 15-3 levels 
and serum homocysteine levels. 
Objective: To investigate the differences in CA 15-3 and homocysteine levels between patients with 
benign tumors and breast cancer. 
Methods: Observational analytic study with a cross-sectional approach in 30 benign breast tumor patients 
and 31 breast cancer patients. Measurement of CA 15-3 levels using enzyme linked immunofluorescent 
assay (ELFA) and homocysteine using competitive enzyme linked immunosorbant assay (ELISA). 
Comparative tests used independent T test and Mann-Whitney test. The study was conducted in 2023 at 
Kariadi Hospital Semarang and Ken Saras Hospital Ungaran. 
Results: CA 15-3 levels in the benign breast tumor group had a median of 11.74 (2.00-40.00) U/mL, while 
the breast cancer group was 18.66 (7.22-168.97) U/mL (p = 0.001). Homocysteine levels in benign breast 
tumors had a median of 3.05 (0.10-11.50) µmol/L and in the breast cancer group was 9.90 (3.70-17.20) 
µmol/L (p = 0.0001). 
Conclusion: CA 15-3 and homocysteine levels were lower in benign breast tumor patients compared with 
breast cancer patients.
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INTRODUCTION

Breast lumps are complained of in more than 25% of 
women during their lifetime and approximately 12% of 
these are breast cancers.1,2,3 Breast cancer is one of the 
most common malignancies, with a 10-year survival 
rate for early non-metastatic stages of over 80%.4 The 
incidence rate in Indonesia is estimated at 12/100,000 
women.5 

Cancer antigen 15-3 is a mucin-1 (MUC-1) gly-
coprotein that is expressed from various epithelial cell 
types, but is found to be overexpressed in 90% of breast 
cancers so it can be used as a biomarker in breast can-
cer.6,7 Increased expression of MUC1 can be caused by 
proinflammatory cytokines such as tumor necrosis fac-
tor α (TNF-α) and interferon gamma (IFN-γ) which 
induce MUC1 through the active role of nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-
κB), transcription factor p65 (p65) and signal trans-
ducer and activator of transcription 3 (STAT3).8

CA 15-3 levels are higher in breast cancer patients 
compared to patients with benign breast tumors.9,10 
Increased CA 15-3 levels are also associated with 
breast cancer severity or stage of disease, tumor size, 
and significantly increased in breast cancer patients 
with metastases.6,10 Increased CA 15-3 levels can 
be found in all stages of breast cancer, appearing to 
increase according to the stage. CA 15-3 expression 
did not differ between benign tumors and breast cancer 
stages I and II, but was found to be significantly differ-
ent between benign tumors and breast cancer stages III 
and IV.10 The results of a study by Lumachi et al. (2010) 
obtained results contrary to the previous description, 
namely increased CA 15-3 levels only correlated with 
molecular subtypes of breast cancer (P<0.001 and 
P=0.032). Age, menopausal status, tumor size, nodal 
status, TNM stage and histology, were not associated 
with increased serum CA 15-3 levels.12

CA 15-3 concentrations in blood can be used for 
screening, not only for breast cancer but also for other 
malignancies, including pancreatic, lung, ovarian, colon 
and liver cancers.11 CA 15-3 concentrations have also 
been reported to be elevated in benign liver disease and 
benign breast disease.11 

Homocysteine is an amino acid that is an interme-
diate in the biochemical conversion of methionine to 
cysteine, in the process of transsulfuration.13 Elevated 
plasma homocysteine (homocysteinemia) is associated 
with various diseases, including cardiovascular dis-
ease, neurodegeneration, diabetes, Down syndrome, 

megaloblastic anemia, and various cancers, including 
breast cancer.13 

Hyperhomocysteinemia in cancer patients is caused 
by an increased need for folate, vitamin B6 and vitamin 
B12 due to chronic inflammation.13,14 T cells release 
large amounts of IFN-γ which stimulates the forma-
tion of reactive oxygen species (ROS). Excessive reac-
tive oxygen species (ROS) have damaging effects on 
folate and B12. Inflammation also spurs the formation 
of (Interleukin-6) IL-6 which can induce an increase 
in hepatic pyridoxal 5’phosphate phosphatase activity.14

Hyperhomocysteinemia can cause chromosomal 
damage due to failure during the deoxyribonucleic acid 
(DNA) repair process, which can then cause cells to 
transform into malignant cells.15 Research in breast 
cancer patients with metastases found higher homo-
cysteine results than in early stage cancer patients and 
in healthy women.16 The results of a study by Yoshihara 
et al. (2013) obtained results contrary to the previous 
description, namely there was no significant relation-
ship between increased plasma homocysteine and cir-
culating tumor cell cancer markers in breast cancer. 
Increased homocysteine levels are associated with the 
administration of therapy, where chemotherapy can 
increase the risk of thromboembolism.17

Based on this description, the researcher wants to 
prove the difference in CA 15-3 and serum homocys-
teine levels in patients with benign tumors and breast 
cancer, this study was conducted in patients with benign 
tumors and locally advanced breast cancer (stages IIIA 
and IIIB) and advanced stages (III C and IV) when 
diagnosed with ages 20-74 years.

METHODS

Study Design and Subject Recruitment
This study was an analytical observational study with a 
cross-sectional approach to prove differences in serum 
CA 15-3 and homocysteine levels in patients with 
benign tumors and breast cancer. Subjects of this study 
were female patients with complaints of breast lumps 
suspected of benign breast tumors and breast cancer 
stages III and IV who came to the surgical clinic of 
Dr. Kariadi Hospital and Ken Saras Hospital to con-
firm the diagnosis with pathological anatomy exam-
ination and had not received therapy (surgery, chemo-
therapy, radiotherapy, and other cancer therapies) from 
February 2023 to May 2023. The inclusion criteria 
were female patients who were diagnosed by PA exam-
ination as benign tumors (epithelial and stromal) and 

Mathink Toonov ANUGERAWATI et al.



59Modern Medicine  | 2024, Vol. 31, No. 1

Differences in Ca 15-3 and Homocysteine Levels in Patients with Benign Tumor and Breast Cancer 

stage III and IV breast cancer, were aged 20-74 years, 
had a normal serum creatinine and serum glucose. This 
study excluded patients with a history of cancer other 
than breast tissue, history of systemic heart and cardio-
vascular disease, history of hypertension, history of cir-
rhosis, history of tuberculosis, history of SLE, history 
of endometriosis, pregnant or breastfeeding, history of 
oral contraceptive use, history of metformin use.

All research subjects were asked for their consent 
by signing a written informed consent before the study. 
This research protocol was approved by the Health 
Research Ethics Commission of Central General 
Hospital Dokter Kariadi Semarang (No. 1411/EC/
KEPK-RSDK/2023 dated February 3, 2023).
Data collection
Baseline data were collected through anamnesis (obses-
sional status, menstrual history, history of contracep-
tive use, history of medication use, history of previous 
diseases, especially history of cancer other than breast 
tissue, history of heart and systemic cardiovascular dis-
ease, history of hypertension, history of hepatitis cir-
rhosis, history of tuberculosis, history of SLE), physical 
examination (temperature, blood pressure, pulse rate, 
and respiratory frequency), and medical records (pre-
vious medication and laboratory data). Venous blood 
from the subjects was drawn before the scheduled sur-
gery or biopsy.
Diagnosis of benign tumors and breast cancer
Benign tumors (epithelial and stromal) and stage III 
and IV breast cancer were diagnosed based on the 
results of anatomical pathology examination and breast 
cancer staging based on the TNM criteria of the UICC.
CA 15-3 and homocysteine serum level test
Five ml of venous blood was collected, serum was sep-
arated (centrifuged at 3,000 rpm for 15 minutes) and 
stored at -80°C until the time of examination. CA 15-3 
levels were measured using a VIDAS machine, using 
the ELFA method. Homocysteine levels in serum were 
examined by enzyme-linked immunosorbent assay 
(ELISA) method using HCY ELISA kit (Wuhan 
Fine Biotech Co., Ltd., Wuhan, China).
Analysis Data
This study aims to prove the difference in CA 15-3 and 
homocysteine levels between patients of benign tumors 
and breast cancer. The study subjects were divided into 
two groups based on the results of anatomical pathol-
ogy examination and breast cancer stage based on 
TNM criteria from UICC, namely the benign tumor 

group and breast cancer. Data was processed using the 
SPSS program. Normality of data distribution of both 
groups was analyzed by Shapiro Wilk test. Normal 
data distribution continued with independent t-test 
while abnormal data continued with Mann Whitney 
test. Significance at p value <0.05 with 95% confidence 
interval range. 

The study was conducted from February 2023 to 
May 2023. This study involved 65 subjects who met 
the inclusion and exclusion criteria from 75 patients 
with complaints of lumps in the breast. The study sub-
jects were then divided into 2 groups, 34 benign tumor 
patients and 31 breast cancer patients. During data 
processing, 4 extreme values were obtained from the 
benign tumor group and 3 extreme values from the 
breast cancer group. Extreme data were excluded from 
statistical analysis. The final data used 61 samples.  The 
distribution of study subject characteristics is presented 
in Table 1.

The results of histochemical examination in the 
breast cancer group are presented in Table 2, with the 
most ER negative 12 patients (38.7%), PR negative 19 
patients (61.3%), Her2 negative 11 patients (35.5%) 
and KI67 ≥20% as many as 27 patients (87.1%).  
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Breast cancer group consisted of grade 1 with 3 
(9.7%) patients, mean CA 15-3 level was 12.38±5.87 U/
mL, mean homocysteine level was 8.63±1.95 µmol/L. 
Grade 2 with 20 (64.5%) patients, mean CA 15-3 
level 42.67±49.28 U/mL, mean homocysteine level 
10.34±3.37 µmol/L. Grade 3 with 8 (25.8%) patients, 
mean CA 15-3 level 42.10±38.31 U/mL, mean homo-
cysteine level 8.63±3.73 µmol/L (Table 3).

DISCUSSIONS

Characteristic Data
This study included 61 subjects divided into 30 sub-
jects of benign breast tumor group and 31 subjects of 
breast cancer group. The mean age of the subjects in 
this study for benign breast tumors was 40.97 ± 10.23 
years, while for the breast cancer group was 50.41 ± 
9.09 years. Research by Angrit et al. (2019) found that 
benign breast tumors are more common in women 
of childbearing age, peaking between the ages of 30 
and 50 years.18 The average age of female patients in 
this study is in accordance with the American Cancer 
Society (2019) which states that the average age of 
female patients when diagnosed with breast cancer in 
2012-2016 was 62 years.19 Anders et al. (2009) added 
that the incidence of breast cancer during 2010-2018 
increased among women aged 20-49 years.20

Research by Sun et al. (2017) showed a scheme of 
risk factors for mammary carcinoma in the form of a 
pyramid. Age (aging factor) is at the bottom of the pyr-
amid, followed by family history, reproductive factors, 
estrogen effects, and lifestyle at the top.21 Age is the 
most important risk factor for breast cancer because the 
incidence of breast cancer increases with age. Age over 
50 years increases the risk of breast cancer.22 Research 
by Krusinska et al. (2019) shows 80% of breast cancer 
cases occur in post-menopausal women with almost 
50% of cases diagnosed at the age of 50-69 years.23

Hormonal factors are important risk factors 
for breast cancer incidence after age.24-26 Increased 

Analysis of differences in serum CA 15-3 and 
homocysteine levels in benign tumor and breast cancer 
patients using Mann Whitney test is shown in Table 4.

The results of data processing showed differences in 
CA 15-3 levels in the benign tumor and breast cancer 
groups (p = 0.01, Table 4) and there were also signif-
icant differences in homocysteine levels in the benign 
tumor and breast cancer groups (p = 0.0001, Table 4).

The box plot of the difference between CA 15-3 levels 
and homocysteine levels in patients with benign tumors 
and breast cancer is shown in Figure 1 and Figure 2.

Figure 1. Box plot graph of CA 15-3 levels in benign tumor and 
breast cancer patients.

Figure 2. Box plot graph of homocysteine levels in patients with 
benign breast tumors and breast cancer.
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breast carcinogenesis and then switch from paracrine 
to autocrine mode of regulation by steroid hormones. 
Cells expressing ERα and the proliferation-associated 
antigen Ki-67 increase during breast tumorigenesis.32 

The overall frequency of positive human epidermal 
growth factor receptor 2 (HER2) expression found in 
breast cancer in all previous studies was approximately 
22%, with a range of 9% to 74%. In current practice, the 
HER2 positive rate is <20%, with most researchers cur-
rently reporting that the true positive rate ranges from 
15% to 20%.33 In this study, 35.5% of breast cancer 
patients had HER-2 negative, 32.3% HER-2+, 3.2% 
HER-2+, and 29%% had HER-2++. Human epider-
mal growth factor receptor 2 is a membrane tyrosine 
kinase and when activated affects cell proliferation and 
survival. HER2 amplification is the main pathway of 
HER2 overexpression and is the main driver of tumor 
progression in breast cancer. Overexpressed HER2 is 
an important therapeutic target. The 2007 American 
Society of Clinical Oncology (ASCO) guidelines have 
also stated that HER2 should be evaluated in every 
invasive breast cancer, either at diagnosis or recurrence 
to guide therapy.33 

In breast cancer progression, Ki-67 expression is 
strongly associated with cancer proliferation and is an 
indicator of prognosis and outcome. Ki-67 expression 
levels are also useful for informing treatment deci-
sion-making in some cases, so routine measurement 
of Ki-67 is now widely performed during patholog-
ical tumor evaluation. The Ki-67 proliferation index 
provides a precise measurement of the proliferation 
potential of breast cancer cells.34 In this study, Ki-67 
<20% was found in 12.9% and Ki-67 >20% in 87.1% 
of the breast cancer patients. Despite its widespread 
use in histopathological evaluation, inconsistencies in 
scoring methodology, lack of gold standard guidelines, 
and varying uptake of multigene panels incorporating 
Ki-67 negatively impact the reliability and standard-
ization of this biomarker in clinical practice.34 

The combination of frequently used pathological 
markers ER, PR, and HER2 is used to classify tumors 
into intrinsic subtypes. Semiquantitative evaluation 
of Ki-67 and PR is helpful for further determination 
of luminal subtypes. Breast cancers are grouped into 
4 molecular subtypes according to their mRNA gene 
expression levels: luminal, her2-enriched, basal-like/
triple-negative breast cancer, and normal breast-like. 
Further studies divided the luminal group into two 
subgroups (Luminal A and B).34

exposure to the hormone estrogen increases the risk 
of breast cancer. Factors associated with exposure to 
estrogen hormones include early menarche, meno-
pause after age 55, age of first childbirth more than 
35 years, number of parities, breastfeeding, use of oral 
contraceptives and or hormone replacement therapy 
for more than 5 years.27-29 The risk of mammary carci-
noma is associated with age of menarche <12 years.27-29 
The subjects of this study only 13.3% had menarche 
before 12 years. Most of the subjects were menopausal 
(62.3%). Post-menopausal women have a 4.18 times 
higher risk of developing breast cancer.27 Age at men-
arche and menopause affect the duration of exposure 
to reproductive hormones, but interaction with genetic 
and environmental factors is required for breast cancer 
to occur.21,29 

The median age of menarche in the subjects of this 
study was 13 (11-14) years. The risk of breast cancer 
increases with earlier menarche and later menopause.30 
The risk of breast cancer is about 20% higher among 
those who started menstruating before the age of 11 
years compared to those who started menstruating at 
the age of 14 years or older. Women who go through 
menopause at age 55 or older have about 12% higher 
risk compared to those who go through menopause 
at age 50-54.30 The increased risk may be due to lon-
ger lifetime exposure to reproductive hormones and is 
more strongly associated with hormone receptor posi-
tive (HR+) breast cancer than other subtypes.19 

Hormone receptor (HR) screening serves the 
purpose of guiding treatment selection in breast can-
cer patients. Estrogen receptor (ER) status plays an 
important role in making clinical decisions and pre-
dicting outcomes for invasive breast cancer patients.31 
In this study, 38.7% of breast cancer patients were 
ER-negative and 61.3% were ER-positive. 

Progesterone receptor modulates the action of 
estrogen receptor α (ERα) in breast cancer, which is an 
ER target gene that is upregulated, and its expression 
is dependent on estrogen. Progesterone receptor is also 
an important prognostic biomarker in breast cancer, 
especially in HR+ breast cancer. High PR expression 
is more often observed in tumors with a better initial 
prognosis than tumors with a poor initial prognosis.32 
In accordance with this study, where only 38.7% of 
breast cancer patients were found to have positive PR, 
while 61.3% were negative. A hallmark of precancerous 
lesions and mammary tumors is an increased propor-
tion of ER/PR-positive cells that proliferate during 

Differences in Ca 15-3 and Homocysteine Levels in Patients with Benign Tumor and Breast Cancer 



62 Modern Medicine  | 2024, Vol. 31, No. 1

Immunohistochemical examination plays an 
important role in determining the choice of adjuvant 
therapy, namely chemotherapy or hormonal ther-
apy. Hormonal therapy is given in hormonal positive 
cases. Hormonal therapy can be given in stages I to 
IV. Cancer cases with luminal A (ER+, PR+, Her2-) 
the main adjuvant therapy option is hormonal instead 
of chemotherapy. Hormonal therapy with tamoxifen 
should take precedence over aromatase inhibitors espe-
cially in menopausal and Her2- patients. Anti-Her2 
targeted therapy should only be given in cases with 
Her2-positive immuohistochemical examination. The 
anti-Her2 regimen of choice is herceptin, preferably in 
cases that are early stage and have a good prognosis.5 

Subjects in the breast cancer group in this study 
were divided into stage III with 26 people (83.87%) 
and stage IV with 5 people (16.13%). The mean value 
of CA 15-3 was lower in stage III group = 28.29±32.10 
U/mL compared to stage IV group = 28.29±32.10 U/
mL, while the mean value of Homocysteine had no 
difference between stage III group = 9.57±2.77 µmol/L 
and stage IV = 10.56±6.02 µmol/L.

The breast cancer group in this study was divided 
into grade 1 of 3 people (9.7%), grade 2 of 20 people 
(64.5%) and grade 3 of 8 people (25.8%). The mean 
value of CA 15-3 was lower in the grade 1 group = 
12.38±5.87 U/mL compared to grade 2 = 42.67±49.28 
U/mL and grade 3 = 42.10±38.31 U/mL, and there 
was no difference in the mean values in the grade 2 
and grade 3 groups. There was no difference in the 
mean value of homocysteine between grade 1, 2, and 
3 groups.
Differences in CA 15-3 Levels in Patients with 
Benign Breast Tumors and Breast Cancer.
This study found a significant difference between CA 
15-3 levels in the benign breast tumor and breast can-
cer groups (p=0.001). CA 15-3 levels in the benign 
breast tumor group had a median value of 11.74 (2.00-
40.00) U/mL statistically lower than the breast cancer 
group 18.66 (7.22-168.97) U/mL. The results of this 
study are in accordance with research conducted by 
Z.M. Hashim (2014) who found a significant increase 
(P<0.05) in breast cancer women with a mean value of 
29.02±1.79 U/ml compared to controls, a mean value 
of 8.92±0.48 U/ml and women with benign tumors, a 
mean value of 13.78±1.24 U/ml.36 Research conducted 
by Zhang et al. (2022) which obtained the average 
results of CA 15-3 levels in breast cancer of 11.80 ± 

6.60 U/mL.37 Research conducted by Gaughran et al. 
(2020) found that CA 15-3 is the tumor marker that 
is most often increased in all subtypes of breast cancer 
and associated with breast cancer metastasis.38 

Cancer antigen 15-3 is an antigen expressed on 
breast duct epithelial cells in both benign and malig-
nant breast tumors.39 CA 15-3 antigen represents 
MUC1 which is often overexpressed in malignant 
cells, such as in breast cancer. This carbohydrate epi-
tope in breast cancer is antigenically distinct from the 
epitope present in normal breast cells.40

Mucin 1 has two subunits N-terminus and 
C-terminus, which play different roles in normal and 
diseased states. The C-terminus in tumors is local-
ized within the cell and is more involved in different 
signaling pathways that influence and regulate tumor 
growth, survival, invasion, migration and apoptosis.41  

Mucin 1 is encoded by a gene located on the long 
arm of chromosome 1 at position 21, a region that is fre-
quently mutated in breast cancer cells. Overexpression 
of MUC1 in cancer is caused by increased gene dosage 
and transcription levels, and by loss of posttranscrip-
tional regulation. Studies on epigenetic regulation have 
shown that methylation of H3-K9 and CpG islands in 
the MUC1 promoter (close to the transcription start 
site; -174 to -182 bp) causes transcriptional repres-
sion. In contrast, acetylation of H3-K9 accommodates 
MUC1 expression. Thus, demethylation of CpG and 
H3-K9, and acetylation of H3-K9 in the 5′ flanking 
region led to increased expression of MUC1 in can-
cer cells.8,42 Increased expression of MUC1 can also be 
caused by proinflammatory cytokines such as TNF-α 
and IFN-γ) which induce MUC1 through indepen-
dent actions of NF-κB, p65 and STAT3.8 

CA 15-3 levels in this study were found to be sig-
nificantly higher in the breast cancer group compared 
to the breast tumor group, in accordance with the the-
ory presented by Kabel et al. (2017), namely an increase 
in CA 15-3 levels in breast cancer cases, along with 
an increase in tumor progressivity such as tumor size 
and continued nodal stage.11 Cancer antigen 15-3 is a 
high molecular weight mucin, and MUC-1-based gly-
coprotein markers can be used to monitor response to 
treatment, increased serum concentrations provide an 
early indication of progression in some breast cancer 
patients.43  

Cancer antigen 15-3 supports tumor invasion and 
metastasis through mitogen-activated protein kinase 
signaling pathway and decreased e-cadherin. Elevated 
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levels of CA15-3 will predict poor prognosis with 
increased risk of metastasis.44 The European group on 
tumor markers has recommended CA 15-3 levels be 
used to assess prognosis, early detection of disease pro-
gression, and treatment monitoring in breast cancer. 
The American Society of Clinical Oncology (ASCO) 
and the National Comprehensive Cancer Network 
(NCCN) do not currently recommend the use of 
serum CA 15-3 for breast cancer screening and treat-
ment guidance, which may be partly due to conflict-
ing conclusions from other studies, which found low 
positive serum tumor marker levels in breast cancer. A 
study by Wu et al. (2014) found that CA 15-3 levels 
were elevated in 12.3% of breast cancer cases.45-47 

Previous research conducted by Park et al. (2012) 
showed that CA15-3 levels were associated with tumor 
load indicators including tumor size and lymph node 
status and patients with locally advanced breast cancer 
showed significantly higher CA 15-3 levels.48-49 Shao et 
al. (2015) also showed that higher CA 15-3 levels were 
found in patients with larger tumor size, further spread 
to axillary lymph nodes and increased TNM stage. 
Elevated CA 15-3 levels are associated with tumor load 
and higher levels may indicate increased likelihood of 
systemic metastasis.47 The study by Sang et al. (2013) 
showed that elevated levels of tumor markers were 
more frequently observed in patients with metastatic 
breast cancer than primary breast cancer, and patients 
who had elevated levels of tumor markers before sur-
gery also showed increased recurrence.50 
Differences in Homocysteine Levels in Breast 
Benign Tumor and Breast Cancer Patients.
This study found a significant difference between 
homocysteine levels in the benign breast tumor and 
breast cancer groups (p=0.0001). Homocysteine lev-
els were statistically found in the benign breast tumor 
group to have a lower median value than the breast 
cancer group.

The results of this study are in accordance with 
research conducted by Liu, et al. (2022), where it 
was found that homocysteine levels in the peripheral 
blood of breast cancer patients were higher than the 
control group (P < 0.05). Homocysteine levels were 
also examined in the study and found to be higher in 
T2-T4 breast cancer patients than Tis-T1 breast can-
cer patients, and among premenopausal breast cancer 
patients, homocysteine levels increased in patients with 
T2-T4 stages (P < 0.05), and the mean obtained was 

13.40 ± 5.38 in the group of breast cancer patients and 
11.54 ± 3.81 in the group of benign tumor patients.51 

In Gatt et al. (2007) study, the control group had 
an average plasma homocysteine level of 7.9 µmol/L 
with a calculated normal range for women (mean ± 2 
SD) of 4.9-10.9 µmol/L. The mean total homocysteine 
level for the early-stage breast cancer group was 9.43 
µmol/L with a range of 4.8-35.6 µmol/L with 22.6% 
having levels above the upper limit of normal. The 
metastatic group average total homocysteine level was 
11.34 µmol/L with 39% of measurements exceeding 
the normal range.16 

Other studies obtained different results from this 
study. Research conducted by Kim et al. (2020), found 
that there was no statistically significant difference in 
homocysteine levels between patients with breast can-
cer with a mean value of 7.8 (6.6-9.4) µmol/L and 
patients with benign breast tumors with a mean value 
of 8.2 (6.7-9.9) µmol/L.52 Research by Houghton et 
al. (2019), also found that there was no difference in 
homocysteine levels between groups of breast cancer 
patients with a mean value of 9.3 (6.0-15.1) and con-
trols with a mean value of 9.2 (6.2-15.0).53 

Homocysteine is derived from the essential amino 
acid methionine and serves as a metabolic interme-
diate of the methionine cycle essential for one-car-
bon metabolism.54,55 Methionine is activated by ATP 
and converted to S-adenosyl methionine (SAM). 
This process requires 5-methyl-tetra-hydrogen-folate 
(5-MTHF) and a specialized methyltransferase that 
uses vitamin B12 as a coenzyme. 

He et al. (2021) suggested that homocysteine lev-
els were found to be elevated in the plasma of patients 
with breast cancer, colorectal cancer, primary hepa-
tocellular carcinoma, and many other malignancies.56 
Homocysteine levels in this study were found to be 
significantly higher in the breast cancer group com-
pared to the breast tumor group. The results of this 
study are related to one theory that this may be mani-
fested by strong methionine cycle changes during can-
cer pathogenesis and associated with facilitated DNA 
double strand breaks and other mutations. Elevated 
homocysteine levels have indeed been associated with 
tumorigenesis through DNA hypomethylation and 
inactivation of tumor suppressor genes, and it has 
been noted for several years that plasma homocysteine 
concentrations are associated with the risk of tumor-
igenesis.56which may be involved in the carcinogene-
sis of hormone-related cancers, but clinical results of 
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observational studies are controversial. In this study, we 
investigated the causal relationships between plasma 
homocysteine and breast cancer (BRCA

Ferroni, et al. (2009), in their study mentioned 
that homocysteine levels were significantly higher in 
patients with breast cancer compared to controls.57 
Hyperhomocysteinemia can increase the inflamma-
tory process through oxidative stress. Homocysteine-
induced damage is related to the adhesion of cell mole-
cules, cytokines and chemokines that can contribute to 
the biological process of cancer. Inflammatory condi-
tions are closely associated with elevated homocysteine 
levels.57 Hyperhomocysteinemia in cancer patients is 
caused by an increased need for folate, vitamin B6 and 
vitamin B12 due to chronic inflammation.13,14 T cells 
release large amounts of IFN-γ which stimulates the 
formation of reactive oxygen species (ROS). Excessive 
reactive oxygen species have damaging effects on 
folate and B12. Interleukin 6 can induce an increase 
in hepatic pyridoxal 5’phosphate phosphatase activity.14 

The theory above is also in accordance with research 
conducted by Hamza et al. (2022) who found that 
homocysteine levels were more elevated in breast can-
cer patients undergoing chemotherapy than controls 
along with malondialdehyde (MDA) levels. Gatt A. et 
al, (2007) found that an increase in homocysteine trig-
gers the production of OH which is known as the initi-
ator of lauroyl peroxide (LPO) by homocysteine auto-
oxidation. The study conducted by Hamza et al. (2022) 
referred to previous studies and found that there is a 
positive association, as increased homocysteine leads 
to increased free radicals and subsequently increased 
MDA production.58 

Naushad et al. (2014), also found an association 
between hyperhomocysteinemia and hypomethionin-
emia in breast cancer and other studies showing that 
there is an association between hyperhomocysteinemia 
and metastasis and the development of drug resistance 
in breast cancer cells treated with homocysteine led 
Naushad et al. (2014) hypothesized that homocysteine 
may modulate the expression of certain tumor suppres-
sors namely, RASSF1, RARb1, CNND1, BRCA1, and 
p21, and may affect prognostic markers such as BNIP3 
by inducing epigenetic changes.

The high prevalence of hyperhomocysteinemia in 
metastatic patients, the low SAM/SAH ratio in methi-
onine-dependent cells, the possible role of genetic fac-
tors affecting 5-methyl tetrahydrofolate synthesis in the 
MDP phenomenon, and the role of breast methylomes 

in breast cancer progression led Naushad et al. (2014) 
hypothesized that elevated homocysteine may affect 
cellular methylation of certain important genes that 
control breast cancer initiation and progression, lead-
ing to the conclusion that homocysteine and one-car-
bon genetic variants affect the epigenetic profile of two 
important genes, RASSF1 and BRCA1, thus directly 
affecting breast cancer progression and explaining the 
MDP phenomenon of breast cancer.59 

CONCLUSIONS 

There are differences in CA 15-3 levels and homocys-
teine levels between patients with benign tumors and 
breast cancer, and CA 15-3 levels and homocysteine 
levels are lower in patients with benign tumors.
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