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Aims
The research was aimed at a comparative study of the expression levels of Ki-67 and cyclin D1 in sub-

types of triple-negative breast cancer (TNBC) with varying androgenic status. 
Materials and methods
Surgical material was studied from 60 patients of clinical group 2A, clinical stage T1-2N0M0, treated 

at Rostov Research Institute of Oncology, from 2012 to 2015. In all cases, the surgery was the first stage of 
treatment. Antibodies to estrogen, progesterone, and androgen receptors, cytokeratin 5/6, Ki-67, cyclin D1, 
and proteins HER2/neu and EGFR were used for the immune histochemical test. 

Results
It was found that a significantly higher level of Ki-67 expression was observed in TNBC with signs of 

basal epithelium in comparison with other TNBC, however, the level of cyclin D1 expression was incon-
clusive. Overexpression of cyclin D1 was observed in the part of TNBC that had no correlation with the 
Ki-67 expression level. High levels of cyclin D1 in the basal-like TNBC was less frequent than in TNBC 
without signs of basal epithelium, but its mean value was significantly higher. The level of Ki-67 did not dif-
fer significantly in TNBC with different androgenic status. Overexpression of cyclin D1 was more common 
among androgen-positive TNBC, and its mean value was significantly higher compared to the androgen-
negative tumor.

Conclusions
Ki-67 proliferation marker and cyclin D1 cell cycle regulator can be used as additional criteria for 

monitoring the course of TNBC subtypes. 
Keywords: triple-negative breast cancer (TNBC), basal-like triple-negative breast cancer, Ki-67, cyclin 

D1, androgen receptors.

INTRODUCTION
Breast cancer (BC) occupies the leading 

place in the structure of oncopathology in 
women worldwide. Annually, one million 
cases of BC are registered with the lethal-
ity of more than 520 thousand patients [1].

The rate of triple-negative breast cancer 
(TNBC) is 10-20% of all the breast tumors. 
These are aggressive tumors with quick 
metastasis development that are character-
ized by an unfavorable prognosis [2].

Success in the treatment and prognosis 
of BC directly depends on the proper and 
timely morphological, immunohistochemi-
cal, and molecular-genetic diagnostics of 
this disease [3, 4].

Because of the lack of all three standard 
targets for target therapy in TNBC cells (es-
trogen receptors (ER), progesterone recep-
tors (PR), and HER2/neu-receptors), there 
is still no specialized treatment for these tu-
mors, except for chemotherapy that affects 
all the dividing cells [2, 5].

During the past years, numerous works 
were published that provide evidence that 
TNBC is a heterogeneous type that includes 
from 3 to 5 subtypes. However, the criteria for 
these subtypes are quite controversial [3, 4, 6].

A basal-like subtype of TNBC is diag-
nosed in 70% of TNBC cases. Researchers 
in their studies propose different markers 
for the identification of this subtype of BC: 
EGFR, high-molecular basal cytokeratins 
(CK5/6, CK14, CK17), c-KIT, NGFR, 
p63 proteins, laminin, osteonectin, vimen-
tin, and others [3, 6-8]. However, there is 
still no unified standard. 

There are suggestions on possible dif-
ferences in the tactics of treatment of TNBC 
subtypes. The search for potential targets 
for target therapies of TNBC subtypes by 
the identification of significant biologi-
cal markers and transfer to the personified 
treatment of this category of patients and 
improvement of the treatment results is 
acute nowadays [5-8].
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Lately, the researchers have focused 
on the preservation of androgen receptors 
(AR) in ER and PR negative BC. It was re-
vealed that in TNBC AR can remain. How-
ever, the data on the share of such tumors 
varies greatly from 10 to 43%. There is no 
definite opinion on the prognostic signifi-
cance of this marker [9; 10].

Ki-67 is a nuclear protein that is associ-
ated with cellular proliferation and expresses 
in the phases of cellular mitotic cycles S, G1, 
G2, and M, except for G0. It is also expressed 
in the samples of normal mammal tissue but 
at a low level (less than 3% of cells). The 
level of expression of Ki-67 determines the 
tactics of adjuvant treatment for patients with 
BC. TNBC is characterized by hyperexpres-
sion of the marker of proliferation Ki-67.

Biomarkers that are involved in the 
regulation of mitosis attract researchers’ in-
terest. In particular, cyclins, cyclin-depen-
dent kinases, and cyclin-dependent kinase 
inhibitors play the most important role in 
the development of the cellular cycle. The 
most relevant biomarker is the regulator of 
the cellular cycle cyclin D1. Increased pro-
duction of cyclin D1 contributes to the ini-
tiation of cellular mitosis. The data on the 
level of expression of cyclin D1 are scarce 
and controversial [11-13].

The study was aimed to evaluate the 
levels of expression of Ki-67 and cyclin 
D1 in patients with basal-like and nonbasal-
like TNBC with the presence and absence 
of androgen receptors in the tumor. 

MATERIALS AND METHODS
The material for the present study was 

operational material obtained from 60 pa-
tients with TNBC that were treated at the 

Rostov Research Institute of Oncology, 
from 2012 to 2015. 

The patients were in clinical group 2A, 
T1-2N0M0 (by the results of mammogra-
phy, breast ultrasonography, chest, thoracic 
and pelvic SCT). In all the cases, the sur-
gery was the first stage of the treatment. The 
age of patients varied from 29 to 71 years 
old. Since there were 40 patients (66.7%) 
aged 41-60, the mean age of patients was 
51.3±3.5 years old. 

Based on the standard immunohisto-
chemical (IHC) study, all the patients were 
diagnosed TNBC (ER-/PR-/Her2-negative) 
and had the level of Ki-67 measured. Ad-
ditionally, the expression of AR and cyclin 
D1 was evaluated. 

For the IHC study, 3-4-µm sections 
were prepared from the paraffin blocks of 
the specimens and stained in the immu-
nohistostainer BenchMark ULTRA. The 
data on the used antibodies are presented 
in Table 1. 

For the characteristics of the expres-
sion of Ki-67, AR, and cyclin D1, the share 
of cells with stained nuclei was calculated 
in percent from the total tumor cell count. 
Androgen-positive (AR+) tumors were tu-
mors with the expression ≥10% of tumor 
cells and androgen-negative (AR-) – with 
the expression <10% of tumor cells.

The statistical analysis of the obtained 
data included parametric methods of statis-
tics for variation rows: arithmetic mean (M), 
the error of the mean (m), median (Me), and 
the variation coefficient (C.V.). The sig-
nificance of the difference between the two 
mean values was evaluated by Student’s t-
test. The correlations were established with 
Pierson’s correlation coefficient (r).

Table 1 
The characteristics of the used antibodies

No. Antibody Clone Producer Dilution Retrieval 
1. ER SP1 Thermo Scientific 1:300 Tris buffer PH=8.0-8.5
2. PR SP2 Cell Marque 1:200 Citric PH=6
3. AR AR441 Dako 1:200 Tris PH=8.0-8.5
4. Ki-67 SP6 Spring Bio 1:200 Tris PH=8.0-8.5
5. HER2/neu 4B5 Roche RTU Tris PH=8.0-8.5
6. Cyclin D1 EP12 Dako 1:200 Tris PH=8.0-8.5
7. CK 5/6 D5/6BH Dako 1:200 Tris PH=8.0-8.5
8. EGFR (E30) Dako 1:50 Proteinase I
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The study protocol followed guidelines 
for experimental investigation with human 
subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics 
committee. Written informed consent was 
obtained from each patient (or official rep-
resentative) before the study.

RESULTS
Based on the results of the IHC study 

with antibodies to CK5/6 and EGFR, all 
TNBC types were distributed as follows: 
basal characteristics were revealed in 
37 patients (61.7%) (BL TNBC) and lacked 
in 23 patients (38.3%), the latter we called 
non-classified (NC TNBC) (Table 2). 

In general, in patients with TNBC, the 
level of Ki-67 was 76.4±2.2% (Me=80, 
C.V.=20.4). The mean level of Ki-67 in 
TNBC was significantly higher than in NC 
TNBC (81.9±3.1% and 70.8±3.1%, re-
spectively (P<0.05)). In both groups, the 
distribution of data by this parameter was 
insignificant with variance coefficients 
<30 (Table 2).

The mean level of the expression of cy-
clin D1 in TNBC was 35.4±5.1. The dif-
ference in the expression of cyclin D1 in 
BL TNBC and NC TNBC (38.1±8.1 and 
32.8±6.5%, respectively) was insignificant. 
The medians were also close (22.5 and 20, 
respectively) (Table 2). The performed cor-
relation analysis between the levels of ex-
pression of Ki-67 and cyclin D1 revealed 
an insignificant correlation between these 
quantitative parameters (Table 2).

It should be mentioned that, in general, 
the variation coefficient was high: around 
100% in both TNBC groups, which indicat-
ed high variability of the level of expression 
of cyclin D1 (Table 2). Factually, in the stud-

ied patients with TNBC, the level of expres-
sion of cyclin D1 varied from 1% to nearly 
100% of the stained nuclei. For this reason, 
the authors divided the group into two sub-
groups: with a high and low level of expres-
sion of cyclin D1. The threshold level of cy-
clin D1 was taken for 30% because, earlier, 
such ranking was met in other publications 
[10]. The data are presented in Table 3. 

A high level of cyclin D1 in both groups 
was observed rarer than low. In patients 
with BL TNBC, it was observed in 32.4% 
of cases, in patients with NC TNBC, it was 
observed in 43.5% of cases. The mean level 
of expression of this marker was signifi-
cantly higher (P≤0.05) in patients with BL 
TNBC (89.9±4.7%) than in patients with 
NC TNBC (66.5±6.6%) (median – 92% and 
70%, respectively) (Table 3). In both groups, 
the variance coefficients were <30, which in-
dicated the consistency of the studied rows 
of data.

The expression of Ki-67 in patients 
with BL TNBC with a high level of cyclin 
D1 was 83.3±4.7% and in patients with MC 
TNBC – 70.1±3.6% (median 85 and 70%, 
respectively), the difference was significant 
(P<0.05). A low level of variation (<30) in-
dicated the relative consistency of the ob-
tained data (Table 3). 

A low level of cyclin D1 in patients with 
BL TNBC was 12.2±2.8% and NC TNBC 
8.6±2.7%. The difference in the parameters 
was not significant because of the high vari-
ability of data in both subgroups (the varia-
tion coefficient 89.3 and 110.5, respectively). 
The mean level of expression of Ki-67 be-
tween the subgroups with a low level of cy-
clin D1 did not differ statistically and was 
81.3±39% in BL TNBC and 75±4.1% in 
NC TNBC (p>0.05).

Table 2 
The level of expression of Ki-67 and cyclin D1 in TNBC

Group of TNBC abs. (%)
 The level of expression of IHC-marker (M±m, %) Correlation 

coefficient (r)Ki-67 Cyclin D1
Total: n=60 (100%) 76.4±2.2

Me=80 C.V.=20.4
35.4±5.1

Me=20 C.V.=99.5 0.12

Basal-like (BL) n=37 (61.7%) 81.9±3.1 ● Me=85
C.V.=18.1

38.1±8.1
Me=22.5 C.V.=102.5 0.084

Non-classified (NC)
n=23 (38.3%)

70.8±3.1 ● Me=75
C.V.=21.1

32.8±6.5
Me=20 C.V.=99.2 0.117

Note: C.V. – variation coefficient, Me – median. The difference between the parameters marked with 
● is significant (P≤0.05).
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Table 3 
Expression of cell cycle markers in the subgroups  

TNBC with a low and high level of cyclin D1

Group TNBC,  
abs. (%)

Subgroup of TNBC  
by the level of cyclin D1,  

abs. (%)

The level of expression of IHC-marker  
(M±m, %)

Cyclin D1 Ki-67

To
ta

l: 
60

 (1
00

) Basal-like  
37 (61.7)

High
12 (32.4)

89.9 ±4.7▲
Me=92 C.V.=13.8

83.3 ±4.7 ●
Me=85 C.V.=18.2

Low
25 (67.6)

12.2 ±2.8
Me=10 C.V.=89.3

81.3 ±3.9
Me=85 C.V.=18.6

Total: 37 (100)

Non-classified  
23 (38.3)

High
 10 (43.5)

66.5 ±6.6▲
Me=70 C.V.=29.9

70.1±3.6 ●
Me=70 C.V.=21.1

Low
13 (56.5)

8.6 ±2.7
Me=5 C.V.=110.5

75 ±4.1
Me=80 C.V.=19.7

Total: 23 (100)
Note: C.V. – variation coefficient, Me – median. The difference in the parameters marked with the same 

symbols (▲ or ●) is significant (P<0.05).

Table 4
Expression of Ki-67 and cyclin D1 in TNBC with different androgen status

AR-status of the tumor, 
abs. (%)

Group of TNBC,  
abs. (%)

The level of expression of IHC-marker  
(M±m, %)

BL NC Ki-67 cyclin D1

To
ta

l: 
60

 
(1

00
) AR+ n=11 (18.3)

7 (63.6) 4 (36.4) 68.9±6.4
Me=70 C.V.=26.1

51.8 ±13.7
Me=30 C.V.=74.811 (100)

AR- n=49 (81.7)
30 (61.3) 19 (38.7) 76±2.7

Me=80 C.V.= 22.5
31.6 ±5.1

Me=20 C.V.=101.649 (100)
Note : Me – median, C.V. – variance coefficient.

In other words, a high level of expression 
of cyclin D1 in BL TNBC was met several 
times rarer, but its mean level was significant-
ly higher by 23.4% than in TNBC without the 
signs of the basal epithelium (p<0.05).

AR+ tumors were observed in 11 cases 
(18.3%), the mean expression of AR was 
51.6±3.4%, Me=71.9%. It can be noted 
that in 5 tumors, expression of AR was 
10-30%, in the rest cases – from 80-95%, 
i.e. when the expression of AR was either 
low or high, there were no mean values in 
the range >30% but <80%. The AR-status 
was established in 49 tumors (81.7%). The 
ratio between TNBC with signs of basal 
epithelium and without them was similar 
in AR+ and AR- tumors (Table 4).

The results on AR levels in the studied 
patients with TNBC are presented in Table 4. 

The expression of Ki-67 was 68.9±6.4% 
in AR+ tumors (Me=70) and 76±2.7% in 
AR- tumors (Me=80), the difference be-
tween these parameters were not statisti-
cally significant (p>0.05) (Table 4).

The difference in the expression of cy-
clin D1 in AR+ tumors and AR- tumors 
(51.8±13.7% and 31.6±5.1%, respective-
ly) was statistically insignificant (p>0.05). 
Regardless of the presence or absence of 
AR in tumors, a high variance coefficient 
of the level of cyclin D1 indicated high 
inconsistency in the parameter values 
(AR+ – C.V.=74.8; AR- – C.V.=101.6) 
(Table 4). This was the reason for the di-
vision of the group of patients with TNBC 
and different AR status into subgroups 
with hyperexpression of cyclin D1 and its 
low level (Table 5).
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Table 5 
The expression of markers of the cell cycle in TNBC with different androgen status  

in subgroups with a high and low level of cyclin D1

AR-status,  
abs. (%)

Subgroup of TNBC 
by the level of cyclin D1,  

abs. (%)

Level of expression of IHC-marker,  
(M±m, %)

Cyclin D1 Ki-67

To
ta

l: 
60

 (1
00

) AR+n=11 (18.3)

high
5 (45.5)

91.3 ±4.3▲
Me=90 C.V.=8.2

71.3 ±4.9
Me=72.5 C.V.=12

low
6 (54.5)

20.2 ±6.2
Me=25 C.V.=61.2

66 ±11.7
Me=70 C.V.=35.3

Total: 11 (100)

AR-n=49 (81.7)

high
17 (34.7)

72.8 ±5.87▲
Me=70 C.V.=29.9

73.3±5.1
Me=75 C.V.=25.3

Low
32 (65.3)

9.4 ±1.9
Me=5 C.V.=102.4

79.04 ±3
Me=80 C.V.=18.4

Total: 49 (100)
Note: C.V. – variation coefficient, Me – median. The difference between the parameters marked with 

▲ is significant (P<0.05).

In patients with AR+ TNBC, a high and 
low level of expression of cyclin D1 (45.5% 
and 54.5%, respectively) had a similar rate 
of occurrence. The level of Ki-67 was not 
significantly different in the subgroups. In 
patients with AR- TNBC, the share of tu-
mors with high expression of cyclin D1 was 
almost two times lower than the share of 
tumors with low expression (34.7% vs 
65.3%).

On average, in patients with AR+ 
TNBC, hyperexpression of cyclin D1 was 
significantly higher than in AR- (91.3% 
and 72.8%, respectively), P<0.05 (Table 5). 
The level of Ki-67 was not significantly 
different neither in patients with TNBC 
with different androgen statuses nor in 
their subgroups with high or low expres-
sion of cyclin D1. 

Thus, in some patients with TNBC 
with and without the signs of the basal 
epithelium, hyperexpression of cyclin 
D1 was revealed. Hyperexpression of cy-
clin D1 was registered in different tumors 
and the majority of researchers suggest its 
negative role in oncogenesis. Increased 
expression of cyclin D1 in benign tumors 
can precede its malignization and can be 
associated with a decrease in the total sur-
vival of oncologic patients [10, 12]. Using 
non-small cell lung cancer as an example, 
it was found that hyperexpression of cy-
clin D1 develops due to the amplification 

or hyperexpression of PRAD1 gene cod-
ing cyclin D1, in turn, the increased ex-
pression of cyclin D1 contributes to the 
initiation of cellular mitosis [14]. The role 
of cyclin D1 was established in the induc-
tion of cellular migration and invasion and 
enhancement of angiogenesis [15]. There 
are experimental data that hyperexpres-
sion of cyclin D1 enhances the apoptosis 
induced by radiotherapy and radiosensitiv-
ity of breast tumor cells [13].

Although the present study included 
a few cases with AR+ TNBC, the authors 
revealed some tendencies. The androgen 
status did not influence the intensity of 
proliferative activity in TNBC and hyper-
expression of cyclin D1 was observed in 
both AR+ and AR- tumors. A high level 
of expression of cyclin D1 in patients with 
AR+ TNBC was significantly higher than 
in AR-. Besides, in patients with AR+ 
TNBC, the majority of tumors were char-
acterized by hyperexpression of cyclin D1. 
Some studies showed that women with cy-
clin D1-negative, ER+ BC had better treat-
ment prognosis [10]. Probably, hormonal 
therapy for androgen will have the same 
consistency as for AR+ TNBC.

CONCLUSIONS
In patients with BL TNBC, a signifi-

cantly higher level of expression of a com-
mon marker of proliferation Ki-67 was 
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observed in comparison with patients with 
TNBC that did not have signs of the basal 
epithelium. 

The difference in the mean values of cy-
clin D1 in these groups was insignificant. 
The level of cyclin D1 in both groups was 
very variable and did not correlate with the 
expression of Ki-67.

The division of the studied TNBC 
groups into subgroups with a high and low 
level of the expression of cyclin D1 allowed 
the authors to establish that some cases of 
TNBC were characterized by hyperexpres-
sion of cyclin D1 that is a marker of the 
S-phase of the mitotic cycle. A high level of 
cyclin D1 in BL TNBC was observed rarer 
than in non-BL TNBC. However, in the 
first case, its mean value was significantly 
higher. In cases with a low level of expres-
sion of cyclin D1, there were no significant 

differences between the groups because of 
the significant variance of the data. 

In cases with hyperexpression of cyclin 
D1, a significantly higher level of Ki-67 re-
mained in patients with BL TNBC in com-
parison with NC TNBC. In cases with low 
expression of cyclin D1, the difference was 
insignificant. The share of tumors with high 
expression of cyclin D1 was a bit higher 
among patients with AR+ TNBC. The mean 
value was significantly higher in compari-
son with AR- tumors. 
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