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Abstract. Breast cancer has the highest incidence rate among 
all cancer types worldwide, seriously threatening women's 
health. The present retrospective study explored differences 
in serum lipid contents in different breast cancer (BC) subcat‑
egories and their correlation with Ki‑67 expression levels in 
patients with invasive BC with the aim of identifying novel 
diagnostic and prognostic indicators for personalized BC 
treatment. The study included 170 patients diagnosed with 
BC who were diagnosed with invasive BC by postoperative 
pathological examination. Data on patient age, body mass 
index and menopausal status were collected, in addition to 
estrogen receptor, progesterone receptor, human epidermal 
growth factor receptor 2 (HER2) and antigen Ki‑67 expression 
levels and pathological tumor type. Preoperative circulating 
lipid levels, specifically the levels of total cholesterol (TC), 
low‑density lipoprotein cholesterol (LDL‑C), high‑density 
lipoprotein cholesterol (HDL‑C), triglycerides (TG) and apoli‑
poproteins A1 (ApoA1) and B (ApoB) were also obtained. 
Molecular subcategories of BC were grouped based on their 
immunohistochemistry. Differences in serum lipid levels 
between the groups were assessed, and correlations between 
serum lipid and Ki‑67 expression levels were explored. While 
TC, LDL‑C, HDL‑C and ApoA1 levels differed significantly 
among molecular subcategories. TG and ApoB levels did 
not. Circulating TC and LDL‑C levels were considerably 
higher in patients with triple‑negative BC (TNBC) and 

HER2‑positive [hormone receptor (HR)‑negative] BC than 
in those with luminal A and B (HER2‑negative) BC. Serum 
HDL‑C levels were significantly diminished in the TNBC 
and HER2‑positive (HR‑negative) groups compared with the 
luminal A and B (HER2‑negative) groups. ApoA1 levels were 
significantly reduced in cases of TNBC and HER2‑positive 
(HR‑negative) BC compared with luminal A and B BC. Ki‑67 
expression levels were positively correlated with circulating 
TC and LDL‑C levels and inversely correlated with circu‑
lating HDL‑C and ApoA1 levels but exhibited no correlation 
with serum ApoB and TG levels. The results indicate that 
elevated TC and LDL‑C levels and diminished HDL‑C and 
ApoA1 levels were high‑risk factors in patients with TNBC 
and HER2‑positive (HR‑negative) BC, but not patients with 
luminal subcategories of BC. Abnormal serum lipid levels 
were correlated with Ki‑67 expression levels, with elevated 
circulating TC and LDL‑C levels and reduced circulating 
HDL‑C and ApoA1 levels indicating a poor prognosis in 
patients with BC.

Introduction

The GLOBOCAN 2020 estimates of cancer burden suggest 
that there were ~4.57 million new cases of cancer in China in 
2020. These include >410,000 patients with breast cancer (BC), 
accounting for 9.1% of all newly diagnosed cancers in China 
and 19.9% of all newly diagnosed cancers in Chinese women, 
making it the most prevalent cancer among women. In addi‑
tion, the estimated number of deaths from BC was >110,000, 
accounting for ~3.9% of all cancer‑associated deaths in China 
and 9.9% of all Chinese female deaths, ranking fourth in 
female cancer mortality (1). The incidence of BC and its associ‑
ated deaths are increasing annually, seriously endangering the 
lives and health of Chinese women. Developments in medical 
technology have facilitated advances in BC treatment, from a 
single surgical treatment to a systemic, comprehensive mode 
of treatment based on surgery and including chemotherapy 
and endocrine, targeted, radiation and immune therapies. 
Therefore, BC is among the malignant tumors with the most 
clinical treatments and the greatest likelihood of a curative 
effect (2).
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Serum lipids are essential blood‑borne lipid components in 
the human body. Along with proteins and nucleic acids, lipids 
are important biological membrane constituents and cellular 
building materials. Furthermore, lipids store energy, are 
crucial for cell metabolism and are critical signaling agents 
for numerous cellular functions (3). The modulation of lipid 
metabolism, such as lipid absorption, production and hydro‑
lysis, is essential for maintaining cellular homeostasis (4).

The tumor microenvironment (TME) is crucial for the 
metabolic adaptation of tumor cells. Various substrates in 
addition to glucose are necessary to meet the nutritional 
requirements of highly proliferative tumor cells. Lipids have 
been suggested to be the most important alternative fuel 
supporting tumor cell proliferation. Tumor cell‑based lipid 
metabolism and its significance in tumor progression and 
metastasis have gained extensive attention (5). Tumor cells use 
lipid metabolism to produce biofilm components, energy and 
signaling molecules required for proliferation, survival, inva‑
sion and metastasis, as well as to alter the TME and respond to 
cancer treatment (6). Changes in lipid metabolism, particularly 
fatty acid (FA) synthesis and oxidation, have been identified as 
essential metabolic reorganization phenomena within tumor 
cells (7). Previous studies have shown that serum lipid metabo‑
lism is associated with colon, ovarian, prostate and BC tumor 
malignancy (8,9).

The incidence of BC is affected by numerous factors, 
including estrogen levels, heredity and lifestyle. Lifestyle 
is considered an increasingly important factor in BC, with 
obesity, metabolic syndrome (MS) and hyperlipidemia 
increasing BC risk (10). However, the mechanism by which 
abnormal serum lipid metabolism leads to BC remains 
unclear. It has been suggested that the relationship between 
blood lipid metabolism and BC occurrence and development 
is reflected in blood lipid metabolism components such as 
27‑hydroxycholesterol, phosphatidylinositol, adiponectin and 
leptin (11‑13). Indeed, some studies have indicated that serum 
lipid metabolism has a key role in the prognosis and treatment 
of BC metastasis (14,15).

BC exhibits clinical, morphological and molecular 
heterogeneity. Since the advent of microarray technology, 
gene expression studies have increasingly been used to 
elucidate the behavior of breast tumors. The identified gene 
expression profiles have provided an improved understanding 
of the complex heterogeneity and biological behavior of 
BC. Molecular typing can be used to further confirm these 
characteristics. In 2000, Perou et al (16) studied BC typing 
and classified BC into luminal, human epidermal growth 
factor receptor 2 (HER2)‑positive, basal cell‑like and normal 
breast‑like types. However, obtaining intrinsic subcategories 
by gene expression profiling is complex and expensive and its 
clinical application is limited.

Methods that determine subcategories via clinicopatho‑
logical examination have become the basis for the diagnosis 
and treatment of BC. Estrogen receptor (ER), progesterone 
receptor (PR), HER2 and proliferation marker protein 
Ki‑67 statuses determined by pathological examination 
are associated with BC prognosis (17). In 2011, a new BC 
molecular subtyping standard was proposed at the St. Gallen 
International BC Conference. In this standard, according to 
the ER, PR, HER2 and Ki‑67 expression of the tumor, BC is 

divided into the following types: Luminal A type, which is ER 
and/or PR positive and HER2 negative with low Ki‑67 expres‑
sion; luminal B (HER2‑negative) type, which is ER and/or 
PR positive and HER2 negative with high Ki‑67 expression; 
luminal B (HER2‑positive) type, which is ER and/or PR posi‑
tive and HER2 positive; HER2 overexpression type, which is 
ER and PR negative with HER2 upregulation or amplification; 
and triple‑negative type, which is ER, PR and HER2 nega‑
tive (18). This diagnosis and treatment consensus was the first 
to perform molecular BC typing through routine pathological 
diagnosis results, confirming that molecular typing can serve 
an important role in BC treatment decision‑making.

The clinicopathological BC subcategories vary in 
invasiveness, treatment options and prognosis. Luminal 
subcategories often exhibit enhanced prognosis compared 
with the non‑luminal subcategories because they are hormone 
receptor‑positive and more sensitive to hormonal intervention. 
Since cases of HER2 overexpressing and triple‑negative BC 
(TNBC) often experience early and frequent recurrence and 
metastasis, their prognosis is poor. The HER2 overexpressing 
type has an improved prognosis compared with TNBC 
because it can benefit from HER2‑targeted therapy. TNBC is 
considered the most severe BC subtype because it does not 
express ER, PR or HER2. Also, it is more aggressive, has 
elevated recurrence and distant metastasis risks and a worse 
outcome, relative to other BC subcategories. Systemic treat‑
ment methods for TNBC are limited; since endocrine and 
targeted therapies are ineffective, chemotherapy is currently 
its primary treatment modality (19,20).

Ki‑67 is a macromolecular nuclear protein that serves as 
an antigen in Hodgkin's lymphoma and is closely associated 
with cell proliferation. Ki‑67 is involved in the cell cycle 
and is present in all cell cycle phases with the exception of 
G0 (17). Ki‑67 levels are lower in the G1 and S phases, peak 
during prophase mitosis and decrease sharply during anaphase 
mitosis (21). Ki‑67 has been widely employed as a proliferation 
capacity indicator for human tumor cells for numerous years, 
and its expression in normal cells is low. The faster the tumor 
cell growth rate and the lower the tissue differentiation, the 
higher the Ki‑67 expression (22). Ki‑67 is used as a prolif‑
eration marker in BC tissue (23), with its expression level 
reflecting tumor cell proliferation. Studies have shown that the 
proliferation of BC cells is closely associated with invasive‑
ness, which is an indicator of patient prognosis. Therefore, 
Ki‑67 has been shown to be a key prognostic and predictive 
marker for BC (24,25).

Researchers have performed several studies on the asso‑
ciation between circulating lipid concentrations and BC. 
However, few studies have explored the correlations between 
circulating lipid concentrations in BC subcategories and Ki‑67 
expression. To the best of our knowledge, there is only one 
study on this topic, which reported that serum lipid levels 
differ among BC molecular subcategories (26). Therefore, the 
present study explored differences in preoperative circulating 
lipid concentrations in patients with different BC molecular 
subcategories and their correlations with Ki‑67 expression. 
The aim was to identify BC diagnostic and prognostic indica‑
tors and provide a more accurate reference and guidance for 
the diagnosis, prognosis and individual treatment planning of 
patients with BC.
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Materials and methods

Research objects. The study included the clinical data of 
170 patients with an initial BC diagnosis at the Second Affiliated 
Hospital of Shandong First Medical University (Ti'an, China) 
from January 2019 to January 2021. The patients all under‑
went surgical treatment and were subsequently diagnosed with 
invasive BC by postoperative pathological examination.

Patient inclusion criteria were: i) First radical surgery 
for BC; ii) invasive non‑specific BC, including invasive 
ductal carcinoma, invasive lobular carcinoma, sclerosing 
carcinoma and medullary carcinoma, confirmed by post‑
operative pathology; iii) no neoadjuvant therapy before 
surgery; iv) measurement of blood lipid levels within 1 week 
before surgery; v) no use of drugs affecting blood lipid levels 
within half a year before surgery; vi) no primary hyperlipid‑
emia, diabetes, coronary heart disease, thyroid disease, MS 
or other diseases affecting blood lipid levels; v) complete 
clinical data.

The following patients were excluded from the study: 
i) Those with other cancers; ii) those given BC‑associated adju‑
vant therapy before surgery; iii) those without original blood 
biochemical test samples collected before surgery; iv) those 
with hyperlipidemia, diabetes, coronary heart disease, MS or 
other diseases affecting serum lipid levels; v) those who had 
taken lipid‑lowering drugs within half a year before surgery; 
vi) those without complete clinical data.

Patient clinical information included age, body mass index 
(BMI), menopausal condition (menopausal or non‑meno‑
pausal), preoperative serum lipid levels and pathological data. 
Serum lipid levels and pathological examination results were 
extracted from patients' laboratory test results. Patient patho‑
logical data included ER, PR, HER2 and Ki‑67 expression 
levels and pathological tumor type.

This retrospective clinical investigation only gathered 
existing clinical information; it did not intervene in the 
therapeutic regimens of the patients and caused no risks to 
their physiology. The researchers did their best to protect 
the information provided by the patients and not to breach 
their personal privacy. The requirement for ethics approval 
was waived due to the retrospective nature of the study, and 
informed patient consent was also waived by the Science 
Research Ethics Committee of The Second Affiliated Hospital 
of Shandong First Medical University (ref. no. 2022‑088).

Serum lipid level determination. Fasting peripheral venous 
blood was collected from all participants at hospital admis‑
sion, and serum lipid levels were determined using an 
automatic biochemical analyzer. Serum lipid contents 
included total cholesterol (TC), low‑density lipoprotein 
cholesterol (LDL‑C), high‑density lipoprotein cholesterol 
(HDL‑C), triglycerides (TG) and apolipoproteins A1 (ApoA1) 
and B (ApoB). The normal ranges of these lipids were defined 
on the basis of the 2016 revised edition of the Chinese Adult 
Dyslipidemia Prevention and Control Guidelines for strati‑
fying circulating lipid concentrations (27) and the reference 
ranges of the serum lipid indicator tests used in the hospital's 
laboratory: TC, 3.10‑5.20 mmol/l; TG, 0.56‑1.70 mmol/l; 
HDL‑C, 1.29‑1.55 mmol/l; LDL‑C, 2.70‑3.13 mmol/l; ApoA1, 
1.0‑1.60 g/l; and ApoB, 0.60‑1.10 g/l. Dyslipidemia typically 

refers to elevated circulating TC, TG and LDL‑C concentrations 
and diminished circulating HDL‑C concentrations.

Immunohistochemical result determination. Immunohisto‑
chemistry (IHC) was used to measure the ER, PR, HER2 
and Ki‑67 levels in tumor tissues according to the 2021 
Chinese Society of Clinical Oncology (CSCO) criteria for 
BC diagnosis and treatment (27). The positive ER and PR 
levels standards are ≥1% of tumor cells showing nuclear 
staining; 20% PR positive cells is the standard threshold 
used to define high and low PR expression. HER2 status 
is described as follows: An IHC score of 3+ is considered 
HER2 positive; an IHC score of 0 or 1+ is considered HER2 
negative; an IHC score of 2+ is considered uncertain and 
requires confirmation using fluorescence in situ hybridiza‑
tion (FISH); a positive FISH outcome is considered HER2 
positive. Ki‑67 positivity was defined as any degree of brown 
staining infiltrating the cancer cell nuclei. The expression of 
Ki‑67 was calculated as the percentage of positively stained 
cells, with >30% indicating high expression and <15% 
indicating low expression. BCs were then stratified into five 
subcategories according to their ER, PR, HER2 and Ki‑67 
expression (Table I).

Other indicators. The height (m), weight (kg) and BMI of the 
patients were routinely measured at admission. BMI (kg/m2) 
was computed as the weight in kg divided by height squared 
in m2. Menopause is generally described as the permanent 
cessation of menstruation, indicating a persistent reduction 
in estrogen synthesis by the ovaries. For the diagnosis of 
menopause, it was necessary for a patient to meet at least 
one of the following conditions: i) Bilateral oophorectomy; 
ii) aged ≥60 years; iii) aged <60 years with natural meno‑
pause for ≥12 months without chemotherapy, tamoxifen, 
toremifen or ovarian castration within the last year and serum 
follicle‑stimulating hormone and estradiol contents within the 
postmenopausal range; iv) aged <60 years, consuming tamox‑
ifen or toremifene, and serum follicle‑stimulating hormone 

Table I. Subcategories of breast cancer.

 Indicator expression level
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Subtype HER2 ER PR Ki‑67

HER2‑positive + ‑ ‑ Any
(HR‑negative)
HER2‑positive + + Any Any
(HR‑positive)
TNBC ‑ ‑ ‑ Any
Luminal A ‑ + + Low
Luminal B ‑ + ‑ High
(HER2‑negative)

ER, estrogen receptor; HER2, human epidermal growth factor 
receptor 2; HR, hormone receptor; Ki‑67, proliferating cell nuclear 
antigen; PR, progesterone receptor; TNBC, triple‑negative breast 
cancer.
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and estradiol levels within the postmenopausal range for two 
consecutive measurements.

Statistical analysis. IBM SPSS Statistics Version 26 (IBM 
Corp.) was employed for all data analyses. Data with a normal 
distribution are presented as the mean ± standard deviation. 
Multi‑group assessments were conducted via one‑way analysis 
of variance with Tukey's test employed for post hoc analyses. 
Enumeration data are expressed as the case number (n) and 
percentage (%) and were analyzed using the Chi‑square test. 
Linear correlation analyses were performed using Pearson's 
correlation test. In all results, P<0.05 was considered to indi‑
cate a statistically significant result.

Results

Clinical profile of each subgroup. None of the 170 patients with 
invasive BC had a family history of genetic disease or a history 
of other cancers. The age range of the patients was 30‑83 years, 
with a median of 50 years and a mean of 50.71±9.96 years. The 
average BMI of the patients was 25.43±3.28 kg/m2. A total 
of 92 patients were premenopausal and 78 were postmeno‑
pausal. Age, BMI and menopausal status did not show any 
significant differences among the various subtypes (Tables II 
and III). Based on the American Joint Committee on Cancer 
TNM stages, 91 patients had stage I cancer and 79 had stage II 
cancer. A Chi‑square test indicated no significant differences 
in BC subtype in the two stages (Table III).

Serum lipid levels in each subgroup. TG and ApoB levels 
were comparable among patients in the different BC subtype 
cohorts (P>0.05; Table IV). However, TC, LDL‑C, HDL‑C 
and ApoA1 levels differed significantly among patients in the 
different BC subtype groups (P<0.05).

Serum TC and LDL‑C levels were significantly elevated 
in the TNBC and HER2‑positive [hormone receptor 
(HR)‑negative] groups compared with the luminal A and B 

(HER2‑negative) groups. Serum HDL‑C levels were signifi‑
cantly reduced in TNBC and HER2‑positive (HR‑negative) 
cases compared with luminal A and B (HER2‑negative) cases. 
ApoA1 levels were significantly diminished in patients in 
the TNBC and HER2‑positive (HR‑negative) groups relative 
to those in the luminal A group. Furthermore, ApoA1 levels 
in patients with TNBC were markedly reduced compared 
with those in patients with luminal B (HER2‑negative) BC. 
Differences in TC, HDL‑C, LDL‑C and ApoA1 levels among 
patients with different subcategories of BC are evident in 
Figs. 1‑4.

Table II. Clinical profiles of patients in the five breast cancer 
groups.

 Cases Age BMI (kg/m2;
Subtype (n) (mean ± SD) mean ± SD)

HER2‑positive 18 53.44±8.77 24.63±3.12
(HR‑negative)
HER2‑positive 28 50.43±9.71 25.47±3.26
(HR‑positive)
TNBC 22   53.00±11.31 25.77±3.66
Luminal A 37 49.62±9.46 25.91±3.43
Luminal B 65   49.91±10.21 25.23±3.15
(HER2‑negative)
F‑value  0.848 0.582
P‑value  0.497 0.676

BMI, body mass index; HER2, human epidermal growth factor 
receptor 2; HR, hormone receptor; TNBC, triple‑negative breast 
cancer.

Figure 1. Comparison of TC concentrations in patients with five subtypes of 
breast cancer. *P<0.05, **P<0.01. TC, total cholesterol; TNBC, triple‑negative 
breast cancer; HER2, human epidermal growth factor receptor 2; HR, 
hormone receptor. 

Figure 2. Comparison of HDL‑C concentrations in patients with five subtypes 
of breast cancer. **P<0.01. HDL‑C, high‑density lipoprotein cholesterol; 
TNBC, triple‑negative breast cancer; HER2, human epidermal growth factor 
receptor 2; HR, hormone receptor.
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Correlations between serum lipid and Ki‑67 levels in 
BC patients. Among the 170 patients, 65 had high Ki‑67 
levels and 35 had low Ki‑67 levels. Correlation analyses 
between serum lipid and Ki‑67 expression levels showed 
that circulating TC (r=0.186, P=0.015) and LDL‑C (r=0.157, 
P=0.041) were significantly positively correlated with Ki‑67 
expression levels. By contrast, HDL‑C (r=‑0.262, P=0.001) 
and ApoA1 (r=‑0.181, P=0.019) were significantly nega‑
tively correlated with Ki‑67 expression levels. However, 
ApoB (r=‑0.038, P=0.625) and TG (r=‑0.146, P=0.057) 
levels were not significantly associated with Ki‑67 expres‑
sion levels (Table V). Plots showing the correlations of 
circulating TC, LDL‑C, HDL‑C and ApoA1 levels with 
Ki‑67 expression levels in patients with BC are presented 
in Figs. 5‑8.

Discussion

Cancer is one of the foremost global public health problems. 
Notable progress has been made in cancer diagnosis and treat‑
ment in recent decades. Early cancer detection via the use of 
predictive and diagnostic biomarkers is one of the most robust 
methods for early‑stage cancer identification and personalized 
treatment. However, specific biomarkers with 100% diagnostic 
accuracy are lacking due to tumor heterogeneity and genetic 
instability induced by various carcinogenic factors (28,29). 
Lipid metabolomics may provide an improved molecular 
definition of tumors. The correlation between abnormal lipid 
metabolism and the occurrence and development of malignant 
tumors is a current topic of interest.

Lipids play numerous important roles in cell survival, 
proliferation and apoptosis and contribute to chemical 
energy storage, cell signal transduction, cell membrane and 

Table III. TNM stages and menopausal status of patients in the five breast cancer groups.

 TNM stage [n (%)] Menopausal status [n (%)]
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical features Cases (n) I II Menopausal Premenopausal

HER2‑positive (HR‑negative) 18 13 (72.2)   5 (27.8) 12 (66.7)   6 (33.3)
HER2‑positive (HR‑positive) 28 22 (78.6)   6 (21.4) 14 (50.0) 14 (50.0)
TNBC 22 20 (90.9) 2 (9.1) 13 (59.1)   9 (40.9)
Luminal A 37 19 (51.4) 18 (48.6) 14 (37.8) 23 (62.2)
Luminal B (HER2‑negative) 65 17 (26.2) 48 (73.8) 25 (38.5) 40 (61.5)
χ2‑value  2.688  7.274 
P‑value  0.112  0.122 

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; TNBC, triple‑negative breast cancer.

Figure 4. Comparison of ApoA1 concentrations in patients with five subtypes 
of breast cancer. **P<0.01. ApoA1, apolipoprotein A1; TNBC, triple‑negative 
breast cancer; HER2, human epidermal growth factor receptor 2; HR, 
hormone receptor. 

Figure 3. Comparison of LDL‑C concentrations in patients with five subtypes 
of breast cancer. *P<0.05, **P<0.01. LDL‑C, low‑density lipoprotein choles‑
terol; TNBC, triple‑negative breast cancer; HER2, human epidermal growth 
factor receptor 2; HR, hormone receptor. 
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cell‑to‑cell associations. These cellular activities are closely 
associated with oncogenic pathways, particularly transfor‑
mation, progression and metastasis (28). Studies have found 
aberrant levels of enzymes associated with lipid production, 
storage, activation and destruction in BC, indicating that the 
overexpression of these enzymes is closely associated with 
BC tumor progression (30,31). Heterogeneity among different 
molecular subcategories of BC is partly reflected by differences 
in serum lipid metabolism. An analysis of raw metabolomic 
data from 92 patients with primary BC who received surgery 
at the National Institute of Oncology in Milan, Italy, identified 
metabolic differences between BC subcategories. The results 
revealed that the magnitude of these metabolic changes was 
more pronounced in TNBC and HER2‑positive BCs than in 

luminal BCs. In particular, luminal B subtype tumors showed a 
greater dependency on FA metabolism for energy. By contrast, 
the HER2 overexpressing and TNBC subcategories exhibited 
general alterations in glucose and glutamine metabolism (30). 
In another study, Eiriksson et al (32) showed that while TNBC 
depends more on exogenous FA absorption and storage, the 
luminal subtype upregulates FA production and oxidation 
while the HER2‑positive subtype depends on additional FA 
production and enhanced FA storage and oxidation.

Heterogeneity among BC subcategories is also associated 
with changes in the transcript and protein expression levels 
of lipid metabolic enzymes (33,34) and subtype‑specific 
lipid profiles (35). The most widely studied during carcino‑
genesis is FA synthetase (FASN), an essential enzyme for 

Table IV. Comparison of serum lipid levels of patients in the five breast cancer groups.

 HER2‑positive HER2‑positive   Luminal B  
Indicator (HR‑negative) (HR‑positive) TNBC Luminal A (HER2‑negative) F‑value P‑value

Cases (n) 18 28 22 37 65 ‑ ‑
TC (mmol/l) 5.60±0.52 5.33±0.99 5.63±0.67 5.12±0.61a,b 5.15±0.93a,b 2.682 0.041
TG (mmol/l) 1.19±0.40 1.14±0.45 1.26±0.52 1.05±0.55 1.10±0.50 1.055 0.382
HDL‑C (mmol/l) 1.34±0.26 1.47±0.29 1.29±0.20 1.56±0.32a,b 1.54±0.26a,b 5.443 <0.001
LDL‑C (mmol/l) 3.15±0.73 2.89±0.92 3.23±0.80 2.59±0.49a,b 2.73±0.61a,b 4.376 <0.001
ApoA1 (g/l) 1.33±0.17 1.37±0.25 1.22±0.21 1.46±0.21a,b 1.42±0.18a 5.982 <0.001
ApoB (g/l) 0.96±0.24 0.93±0.29 0.97±0.26 0.94±0.20 0.97±0.22 0.265 0.902

aP<0.05 vs. TNBC; bP<0.05 vs. HER2 positive (HR‑negative) breast cancer. ApoA1/B, apolipoprotein A1/B; HDL‑C, high‑density lipoprotein 
cholesterol; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; LDL‑C, low‑density lipoprotein cholesterol; TC, total 
cholesterol; TG, triglycerides; TNBC, triple‑negative breast cancer.

Figure 5. Correlation between TC concentrations and Ki‑67 expression levels. TC, total cholesterol. Data from 170 patients were divided into 10 segments, and 
each point represents the mean of 10 adjacent values. 
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FA biosynthesis. It is ubiquitous in various cancers, namely, 
prostate, liver, ovarian, colon, endometrial and breast cancer, 
and is associated with malignant transformation and poor 
outcomes (33). A strong relationship has been identified 
between FASN mRNA levels and HER2 overexpressing, 

luminal A and luminal B subcategories, with IHC analyses 
of tumor samples confirming that FASN protein levels were 
the highest in the HER2 overexpressing subtype and most 
diminished in TNBC (34). FASN is often upregulated and 
activated in HER2‑positive BC and is critical for maintaining 

Figure 6. Correlation between LDL‑C concentrations and Ki‑67 expression levels. LDL‑C, low‑density lipoprotein cholesterol. Data from 170 patients were 
divided into 10 segments, and each point represents the mean of 10 adjacent values. 

Figure 7. Correlation between HDL‑C concentrations and Ki‑67 expression levels. HDL‑C, high‑density lipoprotein cholesterol. Data from 170 patients were 
divided into 10 segments, and each point represents the mean of 10 adjacent values.
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the growth, proliferation and viability of HER2‑positive BC 
cells (36).

Acetyl‑coenzyme A (CoA), critical for FA synthesis, 
is generated from citrate and CoA via ATP‑citrate lyase 
(ACLY) catalysis. Upregulated ACLY levels and function 
have been observed in numerous cancers, including BC, 
suggesting that ACLY is important in cancer metabolism (37). 
ACLY mRNA has been shown to be the most upregulated in 
HER2‑overexpressing subcategories of BC and downregulated 
in TNBC. Enzymes that release free FAs from TGs, including 
monoglyceride lipase and fatty triglyceride lipase, have also 
been found to be downregulated in TNBC. This finding indi‑
cates that free FA mobilization predominates in luminal‑type 
and HER2‑positive BCs (31). Kang et al (35) examined 34 pairs 
of breast surgical tissue samples comprising BC and adjacent 
normal tissue to distinguish cancerous and normal epithelial 
tissue and classify different BC subcategories. Lipidomic 
analyses revealed elevated phosphatidylcholine (PC) levels 
in BC, with significantly higher PC levels in TNBC than in 
luminal and HER2‑positive subcategories. In addition, the 
study also found that matrix‑assisted laser desorption/ioniza‑
tion mass spectrometry lipid profiles differed significantly 
between luminal, HER2‑positive and TNBC subcategories, 
which may have important prognostic relevance.

A meta‑analysis identified a strong link between HDL‑C 
levels and BC risk (38). Other studies have reported that 
LDL‑C levels are not associated BC risk, whereas circulating 
LDL levels may predict BC progression (39,40). However, few 
clinical investigations have explored the association between 
circulating lipid concentrations and different BC molecular 
subcategories. The present study performed a retrospec‑
tive analysis to investigate differences in serum lipid levels 

between invasive BC molecular subcategories. The results 
demonstrated that serum lipid levels differed between BC 
subcategories. TC and LDL‑C levels were elevated while 
HDL‑C levels were diminished in TNBC and HER2‑positive 
(HR‑negative) BCs relative to the other types of BC. In addi‑
tion, ApoA1 levels were particularly high in patients with 
luminal‑type BC. However, the levels of TG and ApoB did not 
differ among the BC subcategories.

Cholesterol is important in promoting cell proliferation, 
migration and invasion, and so is essential in cancer occurrence 
and development. During carcinogenesis, cancer cells exhibit 
dysregulated cholesterol homeostasis and increased choles‑
terol synthesis and uptake, which enables them to synthesize 
cell membranes. These changes lead to the accumulation of 
cholesterol in cancer cells, which increases tumor cell survival, 
proliferation, metastasis and invasion, thereby promoting 
tumor survival and development (41). At present there is no 
clear evidence supporting an independent dyslipidemic effect 
of cholesterol in BC pathogenesis. However, clinical studies 
support a strong link between cholesterol and BC (42‑46): 
A prospective trial in South Korean postmenopausal women 
assessed the relationship between total circulating cholesterol 
and BC risk and found a positive association in an age‑ and 
BMI‑adjusted model (42). The first systematic review and 
meta‑analysis of prospective trials investigating the relation‑
ship between cholesterol and BC by Touvier et al (38) showed 
a negative association between prediagnostic TC levels and BC 
risk. A number of studies have studied the association between 
cholesterol and BC types. For example, one study observed 
that cholesterol biosynthesis was significantly upregulated in 
TNBC tissues, and the high expression of genes involved in 
cholesterol synthesis was associated with short recurrence‑free 

Figure 8. Correlation between ApoA1 concentrations and Ki‑67 expression levels. ApoA1, apolipoprotein A1. Data from 170 patients were divided into 10 
segments, and each point represents the mean of 10 adjacent values. 
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survival in patients with TNBC (43). In another study, 
Fagherazzi et al (44) reported on 2,932 primary invasive BC 
cases after a 12‑year follow‑up in a prospective trial of the 
French E3N cohort. The study showed that women who used 
cholesterol‑lowering drugs had a significantly lower risk of 
luminal BC than women who did not use them. Furthermore, a 
large French study collected 215 breast adipose tissue samples 
from patients with invasive BC and identified increased 
breast fat cholesterol levels in tissues obtained from patients 
with HER2 overexpressing and TNBC types. The authors 
concluded that increased cholesterol levels in breast adipose 
tissue might increase the aggressiveness of HER2‑positive 
BC and TNBC (45). In the present study, patients with TNBC 
had the highest serum TC levels, and the TC levels of the 
patients with TNBC and HER2‑positive (HR‑negative) BC 
were significantly higher compared with those of patients with 
luminal A and B BC. Since HER2‑positive BC and TNBC 
are more aggressive and with worse outcome then luminal 
BC, abnormal TC levels might be associated with enhanced 
aggressiveness and a worse outcome in patients with BC.

HDL‑C is a small, dense lipoprotein comprising proteins 
and lipids that remove fat and cholesterol from cells and return 
them to the liver for excretion or reuse, which is known as 
reverse cholesterol transport. The levels of HDL‑C are gener‑
ally considered to be inversely associated with cardiovascular 
risk, and it has also been suggested that HDL‑C function 
may be associated with BC (40,46‑48). However, although 
most studies have found that circulating HDL‑C levels are 
inversely associated with BC risk, some studies have reported 
opposing results, making this association unclear. Notably, 
a meta‑analysis of observational studies revealed an inverse 
relationship between HDL‑C levels and BC risk in postmeno‑
pausal women (46). In addition, Li et al (48) retrospectively 
assessed the blood lipid data of 1,044 patients who underwent 
BC surgery. They concluded that lower HDL‑C levels were 
significantly associated with a worse overall survival (OS).

Katzke et al (47) found a strong association between 
HDL‑C levels and BC risk. A large Mendelian randomiza‑
tion analysis also suggested that elevated circulating HDL‑C 
levels may be linked to enhanced BC risk (40). However, a 

Korean controlled study of 2,070 BC cases and controls found 
a marked inverse association between HDL‑C levels and BC 
risk, with an increased risk of ER/PR negative BC compared 
with ER/PR positive BC (49). Maiti et al (50) investigated a 
possible association between highly aggressive TNBC and MS, 
collecting data on MS components and tumor profiles from 
176 patients, including 86 with TNBC. A strong downregula‑
tion of HDL‑C levels was evident in the patients with TNBC. 
Another study examined the association of MS and its compo‑
nents with TNBC and non‑TNBC by reviewing 1,391 patients, 
including 394 with TNBC and 855 with non‑TNBC. The 
results showed that among the patients with TNBC, those with 
lower HDL‑C levels had worse 5‑year recurrence‑free survival 
and OS rates, suggesting that patients with TNBC and low 
serum HDL‑C levels were at higher risk of death. One possible 
mechanism is the inverse association between HDL‑C and 
angiotensin II, whose concentrations correlate positively with 
the vascular endothelial growth factor signaling pathway in 
TNBC cells (51). In the present study, serum HDL‑C levels 
were the lowest in patients with TNBC and significantly lower 
in patients with TNBC and HER2‑positive (HR‑negative) BC 
than in those with luminal A and B BC. Based on the asso‑
ciations between HDL‑C and molecular BC type reported in 
most prior studies, it can be concluded that a significant inverse 
relationship between HDL‑C levels and TNBC exists. While 
elevated HDL‑C levels are not a prerequisite for TNBC devel‑
opment, they have prognostic value in TNBC tumor recurrence 
and cancer‑specific mortality. Therefore, the monitoring and 
normalization of HDL levels in TNBC subcategories may be 
particularly important.

LDL is mainly responsible for distributing cholesterol to 
tissues and cells other than those in the liver. LDL binds to 
the LDL receptor (LDLR) in most tissues. LDLR upregulation 
often accompanies elevated serum LDL‑C levels (52). In vitro 
analysis has shown that cancer cells show the dysregulated 
expression of genes associated with cholesterol regulation and 
metabolism, including LDLR and HMG‑CoA reductase (53). 
Indeed, numerous types of cancer cells show elevated LDL‑C 
uptake and LDLR levels (54). Antalis et al (55) revealed that 
ER‑negative BC cells contained more lipid droplets and had 
higher oleic acid uptake, LDL‑C uptake, cholesteryl ester to 
triacylglycerol ratios and acyl‑CoA‑cholesterol acyltransferase 
1 expression than ER‑positive BC cells. These data confirmed an 
association between lipid accumulation and invasive behavior 
in ER‑negative BC cell lines. Therefore, LDL‑C was suggested 
to be involved in the invasiveness of ER‑negative BC cells. 
In another study, dos Santos et al (56) used well‑established 
in vitro and in vivo cholesterol enrichment models to investi‑
gate the mechanisms by which LDL‑C promotes BC growth 
and invasiveness. The results revealed that LDL‑C induced 
the proliferation and migration of ER‑negative cell lines from 
different BC subcategories and stages; an association between 
high LDL‑C levels and HER2‑positive BC was also identified.

The expression profile of the LDLR differs among BC 
subcategories. The abundance of LDLR mRNA is report‑
edly 3‑5‑fold higher in MDA‑MB‑231 TNBC cells than in 
ER‑positive MCF‑7 cells. Moreover, LDL has been shown 
to accelerate MDA‑MB‑231 cell proliferation but not MCF‑7 
cell proliferation. This difference may be due to the capacity 
of TNBC cells to absorb, store and use LDLR‑mediated 

Table V. Correlations between serum lipid and Ki‑67 levels in 
patients with breast cancer.

 Levels
Serum lipids (mean ± SD) r P‑value

TC (mmol/l) 5.093±0.852 0.186 0.015a

TG (mmol/l) 1.161±0.496 ‑0.146 0.057
HDL‑C (mmol/l) 1.482±0.265 ‑0.262 0.001b

LDL‑C (mmol/l) 2.815±0.675 0.157 0.041a

ApoA1 (g/l) 1.405±0.210 ‑0.181 0.019a

ApoB (g/l) 0.955±0.236 ‑0.038 0.625

aP<0.05; bP<0.01. ApoA1/B, apolipoprotein A1/B; HDL‑C, 
high‑density lipoprotein cholesterol; Ki‑67, proliferating cell nuclear 
antigen; LDL‑C, low‑density lipoprotein cholesterol; TC, total 
cholesterol; TG, triglycerides.
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exogenous cholesterol. Elevated LDLR levels in TNBC cells 
are associated with the invasive and metastatic properties of 
these cells (57). Furthermore, in a study using a mouse model 
of hyperlipidemia to establish the significance of upregulated 
serum LDL‑C and LDLR levels in tumor cells in BC growth, 
LDLR expression was higher in TNBC and HER2‑positive 
cell lines than in ER‑positive cells. Moreover, high LDL‑C 
levels increased the size of the tumors in the mice (52).

LDLR‑related protein 1 (LRP1) is an LDLR family 
member. A study of ductal BC found that LRP1 expression 
was associated with aggressive TNBC and HER2‑positive 
tumors but not with HR‑positive carcinomas, and that LRP1 
upregulation was associated with the proliferation and 
invasiveness of HER2 BC and TNBC (58). Since LDLR 
overexpression was often accompanied by increased serum 
LDL‑C levels in the aforementioned studies, this suggests an 
association of abnormally elevated LDL‑C levels with TNBC 
and HER2‑positive BCs, consistent with the present study; 
LDL‑C levels were markedly elevated in the patients in the 
TNBC and HER2‑positive subcategories compared with the 
luminal subcategories. However, further studies are required 
to confirm whether there is an association between high serum 
LDL‑C levels and TNBC and HER2‑positive subcategories.

ApoA1 is the main protein component of HDL‑C and 
has an essential function in reverse cholesterol transport; it 
retrieves cholesterol and phospholipids from peripheral tissues 
and transports them to the liver for excretion. The role of 
ApoA1 in cancer is a current topic of research interest. Reduced 
serum ApoA1 levels have been reported in patients with gall‑
bladder, lung and colon cancers (59‑61). In addition, another 
study showed that ApoA1‑deficient mice rapidly developed 
tumors and were at a significant survival disadvantage while 
ApoA1‑expressing mice exhibited a significant reduction in 
tumor progression and improved survival in a dose‑dependent 
manner (62).

Studies have reported mixed results concerning the 
association between ApoA1 and BC. A study conducted by 
Borgquist et al (60) showed that elevated ApoA1 expression 
levels were associated with higher BC incidence. A small 
case‑control study also concluded that elevated plasma ApoA1 
levels were associated with a higher BC risk in Chinese 
women (63). Conversely, a large, nested case‑control study of 
multiple plasma lipid marker measurements prior to BC diag‑
nosis showed that the BC risk was reduced in patients with 
higher ApoA1 levels (11). Another study similarly detected a 
negative association between ApoA1 levels and BC risk (64). 
Plasma ApoA1 binds to ATP‑binding cassette proteins to regu‑
late ER and PR levels in BC in vitro and in vivo by inducing 
the cell division control protein 42 protein, which is essential 
for cancer metastasis, and the PAK1 signaling pathway (65). 
This indicates that ApoA1 contributes more to ER/PR‑positive 
BC than to ER/PR‑negative BC.

A comparative study by Lin et al (66) found that plasma 
ApoA1 levels were negatively associated with the incidence 
of invasive ductal carcinoma and that most patients with 
ER/PR‑positive invasive ductal carcinoma had elevated 
plasma ApoA1 levels. By contrast, the patients with TNBC 
more frequently had low ApoA1 levels. These results suggest 
that tumors with high plasma ApoA1 levels are more likely to 
be luminal‑type BCs than other BC types. In the present study, 

ApoA1 levels were markedly elevated in patients with luminal 
subtype BC compared with other subcategories, suggesting 
that ApoA1 levels could be used as a predictive marker for 
prognosis and hormone therapy sensitivity in HR‑positive BC 
patients.

Ki‑67 is a proliferation marker that is mainly used 
to predict cancer prognosis and treatment response. The 
association of Ki‑67 with the prognosis of BC has been 
extensively studied (67,68). Studies have shown that elevated 
Ki‑67 levels are linked with increased recurrence rates 
and poorer survival in BC and have confirmed that Ki‑67 
is of independent prognostic value (67,69). However, the 
current definition of the critical value of Ki‑67 is inconsis‑
tent and lacks validity. A large meta‑analysis that included 
64,196 patients revealed that Ki‑67 was a stand‑alone prog‑
nostic indicator for OS in BC patients when a Ki‑67 threshold 
of >25% was employed (70).

Various studies have investigated the function of Ki‑67 
expression in different molecular BC subcategories. They 
have shown a marked association between elevated Ki‑67 
levels and ER/PR negativity and a positive correlation with 
HER2 positivity (71,72). Soliman and Yussif (73) reported that 
upregulated Ki‑67, defined as >15% Ki‑67‑positive nuclei, was 
negatively associated with ER and PR expression, and that 
34% of HER2‑positive BCs and 60% of TNBC cases had high 
Ki‑67 expression. Hashmi et al (74) found that Ki‑67 positivity 
in >90% of HER2‑positive BCs and >14% of TNBCs. TNBC 
had the highest Ki‑67 index (50.9±23.7%), followed by the 
HER2‑positive type (42.6±21.6%). Another study confirmed 
that the Ki‑67 expression levels in TNBC and HER2‑positive 
subcategories of BC are higher compared with those in luminal 
subcategories (75). As an independent BC prognostic factor, 
Ki‑67 indicates the increased invasiveness and recurrence rate 
of the TNBC and HER2‑positive subcategories, as well as a 
reduced survival rate.

In the present study, circulating LDL‑C and TC levels 
correlated positively with Ki‑67 expression levels, while 
HDL‑C and ApoA1 levels correlated negatively with Ki‑67 
expression levels. These results suggest that abnormal circu‑
lating lipid concentrations are associated with a poor outcome 
in patients with BC. However, additional clinical studies are 
necessary to determine whether they can be used as useful 
clinical indicators to predict BC prognosis.

In summary, the present study demonstrated that 
abnormal TC, LDL‑C, HDL‑C and ApoA1 levels are closely 
associated with different molecular subcategories of BC 
and correlated with Ki‑67 expression levels. TC, LDL‑C, 
HDL‑C and ApoA1 abnormalities were more common 
in TNBC and HER2‑positive BC subcategories than in 
luminal subcategories. The measurement of blood lipid 
levels in patients with primary invasive BC is useful for the 
discovery of diagnostic markers and therapeutic targets for 
BC, and provides new information that may be helpful for 
the prognosis and specific therapy of different molecular 
BC subcategories. It also enables patients' prognosis and 
survival rates to be improved via the adjustment of abnormal 
serum lipid levels. However, the present investigation used a 
retrospective clinical observation design. Consequently, the 
blood lipid levels of patients 2 and 6 months after treatment 
were not collected for further analysis. Furthermore, the 
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relationship between lipid levels and survival rate was not 
analyzed. Therefore, further studies are required to explore 
these important issues.

The present study explored the association between circu‑
lating lipid concentrations and BC patient prognosis. However, 
certain fundamental factors affect lipogenesis. For example, 
a study showed that the expression of oncogenic phospha‑
tidylinositol 3‑kinase (PI3K; H1047R) or KRAS (G12V) 
mutations in breast epithelial cells promotes lipid synthesis 
via the convergent activation of the mammalian target of 
rapamycin (mTOR) complex 1 downstream of these common 
oncogenes. These findings indicate that PI3K/protein kinase 
B/mTOR pathway activation is critical for the oncogenic 
network to produce additional lipids to accelerate abnormal 
cancer cell growth and proliferation (76). A limitation of 
the present retrospective study is that only the relationship 
between serum lipid level differences among molecular 
BC subcategories and Ki‑67 expression was explored; its 
mechanistic basis was not investigated. In future clinical 
and experimental studies, explorations of the correlations 
between PI3K or KRAS genetic mutations and lipogenesis 
are planned.

In conclusion, the current study indicated that elevated TC 
and LDL‑C and diminished HDL‑C and ApoA1 levels are 
risk factors for TNBC and HER2‑positive (HR‑negative) BCs 
but not luminal subtype BCs. It also revealed that circulating 
TC, LDL‑C, HDL‑C and ApoA1 levels are correlated with 
Ki‑67 expression, with abnormal serum TC, LDL‑C, HDL‑C 
and ApoA1 levels being intricately associated with worse BC 
patient outcomes. Based on these findings, it is suggested that 
changes in serum lipid concentrations should be closely moni‑
tored in BC patients, and TC, LDL‑C, HDL‑C and ApoA1 
levels should be kept within the normal range.
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