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Objective: The functions of estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor 2 (HER2) and Ki-67 in breast cancer have been explored.
This study was carried out to explore ER, PR, HER-2 and Ki-67 expression levels in breast
cancer patients and their relationship with ultrasound signs and prognosis.

Patients and Methods: A total of 274 female primary breast cancer patients received
preoperative ultrasound examination. ER, PR, HER-2 and Ki-67 expression levels in breast
cancer tissues were detected by immunohistochemical staining after surgery. The correlations
of ER, PR, HER-2 and Ki-67 expression with ultrasound signs and prognosis of breast cancer
patients were analyzed.

Results: The positive expression rate of ER, PR and HER-2 and Ki-67 high expression in
274 breast cancer patients was 73.36% (201/274), 59.85% (164/274), 24.09% (66/274) and
66.06% (181/274), respectively. ER-positive expression had association with lymph node
metastasis (LNM) and blood flow grading; HER-2-positive expression was associated with
LNM, while Ki-67-positive expression was related to the tumor diameter, LNM, and blood
flow grading. LNM and Ki-67 high expression were risk factors for OS; PR-positive was
a protective factor for OS; TNM stage, tumor diameter, LNM and Ki-67 high expression
were risk factors for DFS in breast cancer patients.

Conclusion: ER, PR, HER-2 and Ki-67 in breast cancer are related to the ultrasound signs
and prognosis of breast cancer patients. The joint detection of multiple indicators provides
a reference for the individualized treatment of targeted drugs.

Keywords: estrogen receptor, progesterone receptor, human epidemic growth factor
receptor-2, Ki-67, breast cancer, ultrasound signs, prognosis

Introduction

Breast cancer is a complicated disease that has the characteristics of molecular and
genetic diversity, contributing to the identification of several fundamentally varying
subtypes.! The morbidity of breast cancer has been increasingly elevated and is
now regarded a commonly seen cancer among Chinese women.” Breast cancer
initiation and progression are caused by different endogenous or exogenous rea-
sons, including genetics, endocrine level, environment as well as lifestyle/habitat.’
Evidence has shown that breast lumps, skin changes, enlarged axillary lymph

nodes, non-gestational nipple discharge as well as nipple and/or areola
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abnormalities are the main clinical symptoms of breast
cancer.* Surgery, chemotherapy, immunotherapy, endo-
crine therapy, and targeted therapy are the comprehensive
treatments for breast cancer.” However, breast cancer sur-
vivors are still confronted with risks of locoregional recur-
rence irrespective of different treatments,® which make the
recognition of effective biomarkers in breast cancer diag-
nosis more important.

Nowadays, the molecular diagnostic technique has
drawn some research interests due to its benefit in the
diagnostic and prognostic assessment of breast cancer.’
Breast cancer is traditionally assorted in the light of the
presence of the steroid hormones, the receptors (estrogen
receptor (ER), progesterone receptor (PR), human epidemic
growth factor receptor-2 (HER2), as well as proliferation
index Ki-67.° Currently, the immunohistochemistry-based
molecular classification is suggested to have a close rela-
tionship with breast cancer prognosis, which is considered
as a standard regimen for selecting the most useful
approaches in breast cancer patient.® For breast cancer, the
ER and PR are the initial predictive molecular biomarkers.
Breast cancer patients who have positive ER and PR gen-
erally possess high sensitivity to hormone therapy.” HER2
gene is an oncogene in epidermal growth factor receptor
(EGFR) family, and HER2 expression abnormality has
close correlation with the onset, development, invasion, as
well as metastasis of breast cancer.'™!" Ki-67 is known as
a nuclear protein belonging to tumor proliferation-
associated gene to embody cell proliferation, which closely
correlates to the differentiation and tumor metastasis of
breast cancer.'? In view of these aforementioned references,
we unearthed this current research to explore ER, PR, HER-
2 and Ki-67 expression levels with ultrasound signs and
prognosis in breast cancer patients.

Patients and Methods
Ethical Approval

Specimen collection in our experiment was approved by
the ethics committee of Shanxi People’s Hospital. All
patients provided the informed consents. The study fol-
lowed the Declaration of Helsinki.

Study Subjects

Two hundred and seventy-four cases of breast cancer
patients who had been treated for the first time in three
third-class hospitals in our city from June 2017 to
May 2019 were included in this study. The paraffin tissue

samples of all study subjects were collected for the detec-
tion of ER, PR, HER-2 and Ki-67 expression levels in
breast cancer. Patients who were diagnosed with breast
cancer by ultrasound and histopathological examination
and who met the relevant diagnostic criteria in the
Network (NCCN)
Guidelines Breast Version 2.2013"* were enrolled into

National Comprehensive Cancer
our study. Patients were excluded if they conformed to
the exclusion criteria: those with pregnancy, menstrual
cycle, moderate to severe anemia, or unexplained vaginal
bleeding; those with other malignant tumors; those with
serious diseases of important organs (eg, heart, liver, and
kidney); and those with incomplete clinical data. All 274
patients were followed up, and the follow-up rate was
100%. The follow-up deadline was May 2020 and the
follow-up time lasted 6-36 months. The patient’s overall
survival (OS, the interval from the date of surgery to death
due to any cause) and disease-free survival (DFS), the time
interval from the date of surgery to the first cancer recur-
rence, distant metastasis, death, and second primary
tumor) were recorded.

Ultrasonic Examination

The ultrasonic examination for all patients was performed
by Color Doppler ultrasound diagnostic instrument
(660SSA-660A, Toshiba Tungaloy Co Ltd, Kawasaki,
Japan) and iU-Elite 550A (Philips, Netherlands), with
probe frequencies of 4-10 MHz and 7.5-12 MHz.
During the examination, the patients were in supine, their
arms were raised naturally, and both sides of the breast and
armpit were fully exposed. The location, size, shape, mar-
gin, microcalcification, and axillary lymph node enlarge-
ment of the lesion were firstly scanned, and then the blood
flow inside and around the lesion were examined by the
color Doppler flow imaging. Two senior radiographers
independently read the film in a blind manner, recorded
the lesion size, spicule signs at the edges, the blood flow
grading, and the presence or absence of microcalcification
and lymph node metastasis (LNM).

Immunohistochemical Staining

Breast cancer tissues were fixed for 24 hours with 10%
formaldehyde, routinely dehydrated, cleared, embedded
in paraffin, and sliced into 5 um continuous sections.
The slices were baked at 65°C, dewaxed with xylene,
hydrated with gradient ethanol, added dropwise with 3%
H,0,; and placed in a 37°C incubator for 10 minutes to

inactivate endogenous peroxidase. After microwave
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heating for antigen repair and normal goat serum block-
ing, the slices were cultured at 4°C with primary antibody
ER, PR, HER-2 and Ki-67 overnight, and then subjected
to biotin-labeled secondary antibody incubation at room
temperature for 30 minutes the next day. After that, the
slices were developed by diaminobenzidine, counter-
stained by hematoxylin, followed by differentiation with
hydrochloric acid ethanol, dehydration with gradient etha-
nol, clearing with xylene, and blocking with neutral gum,
and then captured under a microscope. Phosphate-
buffered saline replaced the primary antibody for
a negative control. All antibodies were purchased from
Zhongshan GoldenBridge (Beijing, China). The positive
criterion for ER and PR is more than 1% of tumor cell
nuclear staining.'* According to the criteria provided by
Dako (Glostrup), HER-2 status is classified as 0, 1+, 2+,
or 3+, and tumor scores of 0 and 1+ are considered to be
negative.'” Ki-67 marker index (14% or more tumor cells
with nuclear staining) is considered to be highly
expressed.'®

Statistical Analysis

SPSS 21.0 was utilized for data analysis. The enumeration
data was expressed as a percentage, and the y2 test was
used for analysis. Correlation was analyzed by Spearman
rank correlation analysis; Kaplan—Meier analysis and COX
multivariate regression analysis were implemented for
determining the influencing factors for the prognosis of
breast cancer patients. P < 0.05 meant the statistical
difference.

Results
General Data and Analysis of Ultrasound

Features of Breast Cancer Patients

The average age of 274 breast cancer patients was
(47.1 = 8.5) years, of which 58.39% (160/274) aged
below 50 years, and 13.14% (36/274) had a family
history of this disease. As for TNM stage, 71.90%
(197/274) and 28.10% (77/27) were in stages I-II and
IIT-1V, respectively. Others such as menopausal status,
histological type and degree of differentiation are
shown in Table 1. Ultrasound examination results
showed that among the 274 patients with breast cancer,
123 cases had tumor diameter less than 2 cm, 151
cases had tumor diameter equal to or more than
2 cm; 101 cases, 129 cases, and 111 cases had LNM,
spicule signs, and calcification at the edge of the

Table | General Data and Analysis of Ultrasound Features of
Breast Cancer Patients

Item n Percentage
Age (years) <50 75 59.06
=50 52 | 40.94
Family history of Yes 9 7.09
breast cancer No 118 | 9291
Menopausal status Premenopause 69 54.33
Postmenopause 58 | 45.67
TNM stage -l 102 | 80.31
n-1v 25 19.69
Histological type Infiltrating ductal 121 | 95.27
carcinoma
Infiltrating lobular 5 3.94
carcinoma
Others | 0.79
Degree of High 34 26.77
differentiation Moderate 66 51.97
Poor 27 21.26
Tumor diameter (cm) | <2 51 40.16
2 76 | 59.84
Lymph node Yes 39 | 3071
metastasis No 88 | 62.29
Spicule sign Yes 56 | 44.09
No 71 5591
Calcifications Yes 47 | 37.00
No 80 | 62.99
Blood flow grading 0-1 44 34.65
2-3 83 65.35

lesion. In the blood flow grading, grades 0-1 and
grades 2-3 were 105 cases and 169 cases, respectively
(Table 1).

Expression and Correlation Analysis of
ER, PR, HER-2 and Ki-67 in Patients with

Breast Cancer

In breast cancer patients, the positive rates of ER, PR and
HER-2 were 73.36% (201/274), 59.85% (164/274), and
24.09% (66/274); and high expression rate of Ki-67 was
66.06% (181/274), the location of each immunohistochem-
ical positive expression is shown in Figure 1. The results
of Spearman correlation analysis showed (Table 2) that ER
has a positive relation with PR expression (r = 0.50, P <
0.001); ER had a negative relationship with HER-2 and
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Figure | The ultrasonographic image and ER, PR, HER-2 and Ki-67 expression in breast cancer patients. (A) Burr-like edges of breast cancer mass (showed by white
arrows), and ER-positive rate in breast cancer patients by immunohistochemical staining (400%). (B) Rich blood flow signal of breast cancer mass (showed by white arrows),
and PR-positive rate in breast cancer patients immunohistochemical staining (400x). (C) Lymph node metastasis of breast cancer ultrasound imaging (showed by white
arrows), and HER-2-positive rate in breast cancer patients immunohistochemical staining (400%). (D) Small calcifications of breast cancer mass (showed by white arrows),
and Ki-67 high expression in breast cancer patients immunohistochemical staining (400%).

Ki-67 expression (r = —0.53; r = —0.43, both P < 0.001);
PR was negatively related to HER-2 and Ki-67 expression
(r=-0.36; r=—0.57, both P < 0.001); there was a positive
association between HER-2 and Ki-67 expression (r =
0.40, P < 0.001).

Relationship Between ER, PR, HER-2 and
Ki-67 Expression Levels and the
Characteristics of Ultrasound Signs in

Breast Cancer Patients

Breast patients with ER-positive expression had high pro-
portion of the absence of LNM and blood flow grades 0-1;
those with HER-2-positive expression had high proportion
of presence of LNM; those with Ki-67 high expression had
high proportion of tumor diameter equal to or more than
2 c¢m, presence of LNM and blood flow grades 2-3 (all P <
0.05; Table 3).

Relationship Between ER, PR, HER-2 and
Ki-67 Expression Levels and Prognosis in
Breast Cancer Patients

Among 274 breast cancer patients, the OS rate was
86.13% (236/274), and the DFS rate was 79.99% (219/
274). Among these patients, PR protein-positive and Ki-67
high expression had a correlation with OS and DFS (all
P < 0.05), while no association was found between ER
with DFS, or HER-2 protein-positive with OS and DFS
(both P > 0.05) (Figure 2). Furthermore, COX multivariate
regression analysis was implemented to analyze the ele-
ments affecting OS and DFS in patients with breast cancer.
All the above elements were enrolled in the COX multi-
variate regression and LR method was used for analysis.
The results showed that LNM and Ki-67 high expression
were the risk factors for OS, and PR positive was the
protective factor of OS; and TNM stage, tumor diameter,

Table 2 Expression and Correlation Analysis of ER, PR, HER-2 and Kié7 in Breast Cancer Patients

ER PR HER-2 Ki67
r P r P r P r P
ER - - 0.53 0.002 -0.29 0.016 —0.38 0.003
PR 0.53 0.002 - - -0.26 0.023 —0.35 0.009
HER-2 -0.29 0.016 —0.26 0.023 - - 0.6l <0.001
Ki67 —0.38 0.003 —0.35 0.009 0.6l <0.001 - -
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Table 3 Relationship Between the Expression of ER, PR, HER-2 and Ki67 and the Characteristics of Ultrasound Signs in Breast Cancer

Patients
ER(#) (n=71) | P PR(*)(n=62) | P HER-2 (+) (n=65) | P Ki-67 (+) (n=86) | P

Tumor diameter (cm)
<2 33(64.71%) 0.102 | 29(56.86%) 0.137 | 24(47.06%) 0.447 | 27(52.94%) 0.004
2 38(50.00%) 33(43.42%) 41(53.95%) 59(77.63%)

Lymph node metastasis
Yes 17(43.59%) 0.003 | 13(33.33%) 0.020 | 27(69.23%) 0.007 | 32(82.05%) 0.021
No 64(72.73%) 49(55.68%) 38(43.18%) 54(61.36%)

Spicule sign
Yes 39(69.64%) 0.006 | 32(57.14%) 0.096 | 25(44.64%) 0.191 | 33(58.93%) 0.060
No 32(45.07%) 30(42.25%) 40(56.34%) 53(74.65%)

Calcifications
Yes 30(63.83%) 0.168 | 26(55.32%) 0.261 | 26(55.32%) 0.475 | 36(76.60%) o0.101
No 41(51.25%) 36(45.00%) 39(48.75%) 50(62.50%)

Blood flow grading
0-1 26(59.09%) 0.598 | 19(43.18%) 0.355 | 19(43.18%) 0.189 | 24(54.55%) 0.021
2-3 45(54.22%) 43(51.81%) 46(55.42%) 62(74.70%)

LNM and Ki-67 high expression were risk factors for DFS
(Table 4).

Discussion

Breast cancer consists of varied molecular subtypes since it
has different molecular biological features and clinical beha-
viors. Sometimes, even varied molecular biological features
and outcomes can be found in one of the breast cancer
molecular subtypes.'” In addition, due to the invisible and
not noticeable early symptoms of breast cancer, early

screening is needed to retard deterioration of breast cancer
to some extent. In this present research, we combined several
indices (ER, PR, HER2 and Ki-67) for better judge the
prognosis of breast cancer, and the corresponding conclusion
suggested that the joint detection of multiple indicators is
helpful for judging the prognosis of breast cancer.

Firstly, positive rate of ER, PR and HER-2 as well as
Ki-67 high expression in breast cancer patients was ele-
vated, and the positive rates of ER, PR and HER-2 were
73.36% (201/274), 59.85% (164/274), and 24.09% (66/
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Figure 2 The relationship between ER, PR, HER-2 and Kié7 expression and prognosis in breast cancer patients. (A) Kaplan—Meier analysis for the correlation of ER-positive
expression with OS and DFS. (B) Kaplan—-Meier analysis for the correlation of PR-positive expression with OS and DFS. (C) Kaplan—Meier analysis for the correlation of
HER-2-positive expression with OS and DFS. (D) Kaplan—Meier analysis for the correlation of Ki-67 high expression with OS and DFS.

Abbreviations: OS, overall survival; DFS, disease-free survival.
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Table 4 COX Multivariate Regression Analysis for Determining the Factors Affecting Overall Survival and Disease-Free Survival in

Breast Cancer Patients

Characteristics os DFS

P HR 95% CI P HR 95% CI
TNM stage 0.034 2.19 1.07-5.90 - - -
Tumor diameter (cm) - - - 0.044 2.56 1.02-7.16
Lymph node metastasis - - - 0.025 1.83 1.06-5.34
ER 0.018 0.35 0.14-0.62 - - -
Ki-67 0.010 0.20 0.09-0.48 0.021 0.23 0.11-0.57

Abbreviations: OS, overall survival; DFS, disease-free survival; HR, hazard ratio; Cl, confidence interval.

274); and high expression rate of Ki-67 was 66.06% (181/
274), respectively. Breast cancer patients who express no
ER are impossible to benefit from endocrine therapy, and
ER status evaluation is therefore widely applied to breast
cancers.'® PR, encoded by PGR, consists of 933 amino
acids, and PR expression is regarded as a biomarker for
normal ER functions in breast cancer.'” HER2 protein and
ligand are revealed to participate in physiological activities
of breast cancer cells for the purpose of inducing their
proliferation, activation and differentiation.” It is reported
that tumor growth, invasion or metastasis related to HER2
overexpression in breast cancer.”! Since Ki67 is essential
in cell proliferation, the value of which in assessing cell
proliferation grade in breast cancer have been verified.*?
Additionally, whether ER, PR, HER-2 and Ki-67 were
correlation with each other in breast cancer patients were
elevated, and we found a positive correlation between ER
and PR, or HER-2 and Ki-67, a negative correlation
between ER and HER-2, or ER and Ki-67, or PR and
HER-2 or PR and Ki-67. Meanwhile, we next investigated
the relationships between ER, PR, HER-2 and Ki-67
expression levels in breast cancer tissues and the charac-
teristics of ultrasound signs in breast cancer patients. This
research showed that ER-positive expression was related
to LNM and blood flow grading; HER-2-positive expres-
sion was associated with LNM, while Ki-67 high expres-
sion was related to the tumor diameter, LNM, as well as
blood flow grading. Consistent with our findings, HER2
expression has been revealed to positively correlates with
tumor size, clinical TNM stage and LNM, while nega-
tively correlates with ER/PR expression and tissue grade,
implying that HER2 expression could be considered as

a marker for breast cancer.” Another study has indicated

that Ki-67 expression has a positive correlation with TNM
stage and LNM, and a negative correlation with tissue
grade and ER/PR expression.’

Furthermore, we wanted to elucidate the relationships
between ER, PR, HER-2 and Ki-67 expression and prog-
nosis in breast cancer tissues. Kaplan—Meier analysis
showed that PR protein-positive and Ki-67 high expres-
sion were related to OS and DFS. Further COX multi-
variate regression analysis suggested that LNM and Ki-67
high expression were risk factors for OS, and PR-positive
was a protective factor for OS; TNM stage, tumor dia-
meter, LNM and Ki-67 high expression were risk factors
for DFS in breast cancer patients. In terms of the prog-
nostic function, as previously described, ER and PR in
breast cancer patients often exhibit better prognosis in
contrast to those patients who lacking of these
receptors.”> A prior article has revealed that Ki67 expres-
sion is regarded as a pivotal prognostic factor for both
recurrence-free interval (RFI) and OS in ER-positive and
HER2-negative breast cancer patients, and Ki67 expres-
sion remains essential for RFI and OS.>* Kleer et al have
proposed that EZH2 overexpression has a close relation-
ship with tumor size, ER/PR-negative status, advanced
disease stage and declined DFS and OS in primary breast
cancer.”” All these mentioned above further confirmed our
findings.

To conclude, this research highlights that ER, PR, HER-2
and Ki-67 are independent and interrelated in breast cancer,
which have a association with the ultrasound signs and prog-
nosis of breast cancer. Through the joint detection of multiple
indicators, the prognosis of breast cancer can be judged more
accurately, which provides a reference for the individualized
treatment of targeted drugs. Nevertheless, the limited sample
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size and the short follow-up time make it necessary to expand
the sample size and extend the follow-up time to further
analyze its observation in the long-term prognosis. Therefore,
molecular diagnosis has become essential in diagnosis and
therapy of breast cancer.

Highlights

1. ER, PR, HER-2 and Ki67 in breast cancer are both
independent and interrelated.

2. ER, PR, HER-2 and Ki67 is related to different ultra-
sound signs of breast cancer.

3. PR-positive and Ki67 high expression are associated
with OS and DFS of breast cancer.

4. Breast cancer prognosis is judged accurately with
detection of multiple indicators.

5. This study offers a basis for individualized treatment
of targeted drugs in breast cancer.
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