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Abstract

Background: The present study aimed to review the use of hypo-
glycemic drugs and clinicopathological data in breast cancer patients
with type 2 diabetes mellitus (T2DM), and to investigate the effect
of metformin on the clinicopathological features of breast cancer in
patient with T2DM.

Methods: Eighty-nine patients with breast cancer hospitalized in the
Second Affiliated Hospital of Xi’an Jiaotong University from January
2012 to December 2014 were included. Thirty-three patients were on
metformin (metformin group) and 56 patients were on control group.
Streptavidin-peroxidase (SP) method was used to quantify protein
expression of molecular markers (estrogen receptor (ER), proges-
terone receptor (PR) and human epidermal growth factor receptor-2
(HER-2)), molecular markers of proliferation (Ki-67 and epidermal
growth factor receptor (EGFR)) and epithelial-mesenchymal transi-
tion (EMT) molecular markers (matrix metalloproteinase-2 (MMP-
2), E-cadherin and downstream N-cadherin). Fluorescence in situ
hybridization was used to detect HER-2 (+ and ++).

Results: The rate of lymph node metastasis and the level of Ki-67/
MMP-2 in the metformin group were significantly lower than those in
the control group (P < 0.05). The ratio of luminal pattern in metformin
group was higher than that in the control group (P < 0.05). However,
there were no differences in the parameters of age, duration of dia-
betes, body mass index, tumor size, histological grade of cancer and
clinical pathological features between the two groups. No significant
difference was observed in the expressions of ER, PR, HER-2, EGFR,
E-cadherin, N-cadherin and the recurrence rate between two groups.

Conclusions: Metformin is associated with luminal breast cancer and
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can inhibit breast cancer invasion and metastasis in some cases. It
may be associated with EMT and is beneficial to the prognosis of
breast cancer.
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lecular typing; Epithelial-mesenchymal transition

Introduction

Breast cancer is a serious threat to women’s health and it is
one of the most common malignancies among women. Despite
the low incidence of breast cancer in China, due to the overall
large population, there were 268,600 newly diagnosed breast
cancer patients in 2015, and they were younger, and approxi-
mately 69,500 people each year died of breast cancer [1]. With
the improvement of diagnosis and treatment of cancer, the sur-
vival rate of breast cancer is significantly improved, but man-
agement and treatment is complicated and a difficult process
for patients, because of drug-associated toxicity and safety is-
sues, drug resistance and cost, etc. Therefore, finding a highly
effective, low-toxicity, economical drug for breast cancer ap-
pears to be especially urgent.

Metformin is a classic medicine for treating diabetes. Data
from epidemiology, clinical studies and non-clinical studies
suggested that metformin can help improve the outcome of
the treatment of breast cancer [2-7]. By estimate, about 15%
of breast cancer patients are accompanied by type 2 diabetes
mellitus (T2DM) [8]. Hence, metformin has become a hotspot
and it is promising that it could be an effective drug in treating
breast cancer. However, the role and mechanisms of metform-
in in breast cancer are still unclear and controversial.

This study retrospectively analyzed the clinicopathologi-
cal features and use of hypoglycemic drugs in 89 patients with
breast cancer and T2DM hospitalized in the Second Affiliated
Hospital of Xi’an Jiaotong University. Histochemical strepta-
vidin-peroxidase (SP) method was used to detect the molecular
markers (estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor receptor-2 (HER-2) and Ki-
67) in breast cancer tissues, and the expressions of epidermal
growth factor receptor (EGFR), matrix metalloproteinase-2
(MMP-2), E-cadherin and N-cadherin were related to prolif-
eration and metastasis. The fluorescence in situ hybridization
(FISH) technique was used to detect the expression of HER-2
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(immunohistochemistry + and ++) to further investigate the
effect of metformin on the occurrence, development and me-
tastasis of breast cancer.

Materials and Methods

The 89 patients undergoing surgery for breast cancer at the
Second Affiliated Hospital of Xi’an Jiaotong University were
selected into study with complete clinicopathological data and
T2DM (diabetes history > 3 months) from January 2012 to
December 2014. All patients underwent modified radical mas-
tectomy or radical mastectomy, and they all were confirmed as
primary breast cancer pathologically after surgery without any
anticancer treatment before the operation.

The clinical data of patients, including base characteristics
and clinicopathological characteristics of breast cancer, were
recorded in detail. General conditions included age, height,
body mass index (BMI), duration of T2DM, fasting plasma
glucose (FPG), glycosylated hemoglobin and hypoglycemic
agents. The clinicopathological characteristics of breast cancer
included tumor size, number of positive axillary lymph nodes,
histological grade, expression of ER, PR, HER-2 and Ki-67.

Diagnostic criteria for T2DM, clinical pathological fea-
tures of breast cancer, immunohistochemistry and FISH were
as follows. 1) Diagnostic criteria refer to the criteria proposed
by WHO/IDF in 1999: symptoms of diabetes (polydipsia, poly-
uria and unexplained emaciation) + FPG > 7.0 mmol/L; ran-
dom blood glucose > 11.1 mmol/L; 2-h blood glucose (2hBG)
after oral glucose tolerance test (OGTT) was larger than 11.1
mmol/L confirmed repeatedly. 2) Criteria for clinical grading
of breast cancer: breast cancer was clinically graded and clas-
sified according to the American Joint Committee on Cancer
(AJCC) Seventh Edition TNM classification system. Histologi-
cal grades were classified using the Scarff-Bloom-Richardson
(SBR) modified grading system. 3) The classification of breast
cancer in molecular level was in line with the guidance pub-
lished from the International Breast Cancer Conference held
in St. Gallen in March 2011 [9]. 4) The expressions of ER, PR,
HER-2, Ki-67, EGFR, MMP-2, E-cadherin and N-cadherin
were semi-quantified by immunohistochemistry. After paraf-
fin embedding treatment, the tumor specimens were sliced to
4 pum, and the expressions of ER, PR, HER-2, Ki-67, EGFR,
MMP-2, E-cadherin and N-cadherin were detected using im-
munohistochemical SP method. The kit was purchased from
Fuzhou Maixin Biotech Corp. The antibodies for ER, PR,
HER-2, Ki-67 and EGFR used were rabbit anti-human. The
primary antibodies to MMP-2, E-cadherin and N-cadherin were
mouse anti-human. Phosphate-buffered saline (PBS) was used
instead of primary antibody as negative control. 5) Criteria for
the assessment of immunohistochemical results: ER/PR result
assessment referring to positive criteria of ER/PR guideline of
American Clinical Oncology Association [10]; Ki-67 result as-
sessment referring to international consensus of St. Gallen for
early breast cancer in 2011 [9]; HER-2 results assessment re-
ferring to the HER-2 detection guidelines for breast cancer in
China (2014 version) [11]. FISH was used to detect the gene
amplification status when HER-2 immunohistochemistry was +
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Table 1. A Summary of the Use of Hypoglycemic Drugs in 89
Breast Cancer Patients With T2DM

Hypoglycemic drugs Number of cases %
Sulfonylureas 19 18.6
Insulin 14 13.7
Thiazolidinediones 2 1.9
Acarbose 4 3.9
Metformin alone 10 9.8
Metformin + insulin 2 1.9
Metformin + glinides 4 3.9
Mettormin + thiazolidinedione 1 1.0
Metformin + sulfonylureas 15 14.7
Metformin + acarbose 1 1.0
Sulfonylureas + thiazolidinediones 1 1.0
Insulin + sulfonylureas 1 1.0
Herbal medicine 2 1.9
Diet control 2 1.9
Unknown medication 6 5.9
No drug treatment 5 4.9

T2DM: type 2 diabetes mellitus.

or ++. The results of EGFR, MMP-2, E-cadherin and N-cadher-
in were evaluated in line with the publication from Queiroga et
al, Olsen et al, van Duijnhoven et al and Elzagheid et al [12-15].

All cases were followed up by telephone, WeChat and let-
ters. The follow-up started from the date of pathological diag-
nosis, and clinical endpoint was defined as recurrence, metas-
tasis or death. All cases were followed up until December 31,
2016. Menopause was defined as the absence of a period for 1
year. Recurrence refers to the presence of tumors on the same
side of the chest wall or regional lymph nodes confirmed by
pathology after radical surgery. Distant metastasis refers to the
presence of distant organs metastases such as liver, lung and
bone by postoperative pathology or imaging.

Data analysis was performed using SPSS 18.0 statisti-
cal software (PASW Statistics, SPSS Inc., Chicago, IL). The
measurement data are expressed as mean + standard deviation
(SD), and two independent samples ¢-test is applied; the count
data are tested by Chi-square. All tests were bilateral with a
statistical significance of P < 0.05.

Results

General situation of breast cancer patients with T2DM

The use of hypoglycemic drugs was summarized in 89 patients
of breast cancer with T2DM (Table 1). Thirty-three patients
(37.1%) used metformin including metformin + sulfonylureas
in 15 patients (14.7%), metformin alone in 10 patients (9.8%)
and metformin + glinides in four patients (3.9%). There were
56 patients (62.9%) who did not use metformin, of whom 19
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Table 2. Comparison of General Situation Between Metformin
and Control Groups

Observation Metformin  Control ‘ P
indicators group group

Age 63.42+824 65.01+£745 0.627 >0.05
BMI 23.21+3.26 25.15+3.67 1.281 >0.05
T2DM course  4.52+2.15 5.10+£3.08 1.560 >0.05

(18.6%) used sulfonylureas, 14 (13.7%) used insulin and 11
(10.8%) used unknown medication or no drug treatment.

Stratified analysis results of metformin group and control
group

Eighty-nine patients with a history of diabetes (> 3 months)

were divided into two groups according to the use of met-
formin: 33 cases in the metformin group and 56 cases with-
out metformin. The baseline characteristics of the two groups
were determined using independent sample #-tests. There was
no significant difference in age, BMI and duration of diabetes
between the two groups (Table 2).

The clinicopathological data showed that there was no sig-
nificant difference in tumor size, clinical stage and histologi-
cal grade between the two groups. However, the proportion of
luminal breast cancer in the metformin group was higher than
that of the control group (P < 0.05), and the rate of lymph node
metastasis was lower than that in the control group (P < 0.05).
Both differences were statistically significant (Table 3).

The expression of ER, PR, HER-2 and Ki-67 in breast can-
cer tissues is shown in Figure 1. The expression of ER and PR
is shown as the brown yellow granules which appear in the nu-
cleus of breast cancer cells. The positive expression of Ki-67 is
the brown yellow granules in the nucleus or cytoplasm of breast

Table 3. Comparison of Clinicopathological Features Between Metformin and Control Groups

Clinicopathological features Metformin group Control group (N = 56) 1 P

Tumor size
T<2cm 7 (21.2%) 10 (17.9%) 0.151 0.697
T>2cm 26 (78.8%) 46 (82.1%)

Lymph node
Negative 16 (48.5%) 12 (16.1%) 7.049 0.008*
Positive 17 (51.5%) 44 (78.6%)

Clinical stage
1 6 (18.2%) 9 (16.1%) 0.066 0.797
11, 11T 27 (81.8%) 47 (83.9%)

Histological grade
I 8 (24.2%) 8 (14.3%) 1.396 0.237
1L, 11T 25 (75.8%) 48 (85.7%)

ER status
Negative 14 (42.4%) 31 (55.4%) 2.796 0.095
Positive 19 (57.6%) 25 (44.6%)

PR status
Negative 13 (39.4%) 34 (60.7%) 3.787 0.052
Positive 20 (60.6%) 22 (39.3%)

HER-2 status
Negative 28 (84.8%) 41 (73.2%) 1.613 0.204
Positive 5 (15.2%) 15 (26.8%)

Ki-67
<14% 21 (63.6%) 21 (37.5%) 5.692 0.017*
> 14% 12 (36.4%) 35 (62.5%)

Molecular typing
Luminal 25 (75.8%) 30 (53.6%) 4.329 0.037*
Others 8 (24.2%) 26 (46.4%)

ER: estrogen receptor; PR: progesterone receptor; HER-2: human epidermal growth factor receptor-2. *P < 0.05.
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Figure 1. Expression of ER, PR, HER-2 and Ki-67 in breast cancer. ER: estrogen receptor; PR: progesterone receptor; HER-2:

human epidermal growth factor receptor-2.

cancer cells, and HER-2 positive can be found to be brown in
the cell membrane or cytoplasm of breast cancer cells. Of the
89 breast cancer patients, 54 cases with HER-2+ or HER-2++
were further carried out by FISH, in which 11 cases of HER-2
gene amplification showed multi-point red or clusters of red
(Fig. 2b, c). Other 43 HER-2-negative cases mainly showed
a specific blue or missing signal on chromosome 17 (Fig. 2a).
The expression of EGFR, MMP-2, E-cadherin and N-cadherin
in breast cancer is shown in Figure 3. In EGFR-positive cas-
es, the cell membrane and/or cytoplasm of breast cancer cells
were brown, and the cytoplasm of the MMP-2-positive breast
cancer cells demonstrated brown-yellow granules. E-cadherin
was positively localized in breast cancer cells and interstitial
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cell membranes and presented brown-yellow particles. N-
cadherin-positive cells showed brown-yellow particles in the
nucleus or cytoplasm of cancer cells.

The expressions of ER, PR, HER-2, Ki-67, EGFR, MMP-
2, E-cadherin and N-cadherin in breast tissue of the two groups
are shown in Tables 3 and 4. ER expression was observed in
44 out of 89 breast cancer patients with T2DM (49.4%). The
percentage of patients with ER-positive breast cancer in the
metformin group was higher than that in the control group
(57.6% vs. 44.6% respectively, P > 0.05), but not statistical-
ly significant. The PR expression was positive in 42 patients
(47.2%). The proportion of patients with PR-positive cancer in
the metformin group was higher than that in the control group

www.wjon.org
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Figure 2. FISH results of breast cancer tissues. (a) HER-2 negative
(punctuate distribution, HER-2/CSP17 ratio of 1.2); (b) HER-2 positive
(punctuate distribution, HER-2/CSP17 ratio of 2.2); (c) HER-2 positive
(cluster distribution). FISH: fluorescence in situ hybridization; HER-2:
human epidermal growth factor receptor-2.

(60.6% vs. 39.3% respectively, P> 0.05), but again not statisti-
cally significant. Ki-67 expression was observed in 47 patients
(52.8%). The percentage of patients with Ki-67-positive can-
cer in the metformin group was significantly lower than that in
the control group (36.2% vs. 62.5%, P <0.05). HER-2-positive
cancer was found in 20 patients (22.5%). The positive rate in
the metformin group was lower than that in the control group
(15.2% vs. 26.8%, P> 0.05), but did not reach statistical signif-
icance. Fifty-nine patients (66.3%) had EGFR-positive breast
cancer, and the percentage with positive EGFR was lower in the
metformin group than in the control group (60.6% vs. 69.6%,
P > 0.05), but not statistically significant. MMP-2 expression
was positive in 42 patients (47.2%) and the positive rate was
significantly lower in the metformin group than in the control
group (30.3% vs. 57.1%, P <0.05). E-cadherin expression was
seen in 48 cases (53.9%), and the percentage of patients with
its positive expression was higher in the metformin group than
that in the control group (66.7% vs. 46.4%, P > 0.05), but the
difference was not statistically significant. N-cadherin expres-
sion was positive in 18 cases (20.2%), and the proportion of
patients with its positive expression in the metformin group
was lower than that in the control group (15.2% vs. 23.3%, P>
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0.05), but the difference was not statistically significant.

Follow-up results

Of the 89 patients of breast cancer with T2DM, four had recur-
rence, nine developed metastasis, three died of breast cancer
and one had diabetic ketosis. In the metformin group, recur-
rence and metastasis occurred in four patients (12.1%), and
one patient died of cancer. In the control group, recurrence and
metastasis occurred in nine patients (16.1%). Two patients died
of cancer and one patient died of diabetic ketosis (Table 5).

Discussion

Local invasion and distant metastasis are the main biological
characteristics of malignant tumors and are the main causes
of death. Metformin, as one of the widely used anti-diabetic
drugs, has recently been shown to have anti-tumor effect. It
can significantly inhibit the invasion and metastasis of HER-
2-positive breast cancer cells, esophageal cancer Ecal09 cells,
osteosarcoma MG63 cells and ovarian cancer SKOV3 cells
[16-19]. De Censi et al [20] randomly divided 200 non-dia-
betic breast cancer patients into the metformin group and the
placebo group. The results showed that metformin has a role in
the treatment of breast cancer.

Breast cancer is an estrogen-dependent tumor, and also
metformin is closely related to estrogen. It was found that the
PR positive rate was higher in metformin group than that in in-
sulin, sulfonylurea and other hypoglycemic groups [21]. Mea
et al [22] showed that metformin has the allosteric regulation
of ERa receptor in MCF-7 cells. Other studies have shown
that metformin can downregulate the expression of ER and
increase the PR expression in MCF-7 cells [23, 24]. As a hor-
mone receptor dependent breast cancer, luminal type means
better differentiation and prognosis. We found that the pro-
portion of luminal in metformin group is higher than that of
control group (75.8% vs. 53.6%, P = 0.037), suggesting that
metformin may change hormone receptor negative to positive
among patients by increasing the expression of ER and PR.
In addition, metformin can improve the disease-free survival
of the hormone receptor-positive breast cancer and reduce the
risk of recurrence and metastasis [25], so metformin may be
beneficial to the prognosis of luminal breast cancer patients.
However, Berstein et al [21] showed that metformin has no
effect on PR level in MCF-7 cells, but attenuated the PR induc-
tion by estradiol. Therefore, the effect of metformin on mo-
lecular typing of breast cancer needs further study.

Endocrine therapy is one of the main treatments for lumi-
nal type breast cancer. Metformin can overcome the drug re-
sistance of the endocrine drug tamoxifen [26, 27], and enhance
the therapeutic effect of the anti-estrogen drug fulvestrant on
breast cancer by up-regulating CycG2 [28]. Metformin has an
inhibitory effect on the source and synthesis of estrogen. Fat
is one of the important sources of estrogen. Metformin can
reduce the body fat and body weight in patients [29]. Aro-
matase is a key enzyme in estrogen synthesis. Metformin can
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Figure 3. Expression of EGFR, MMP-2, E-cadherin and N-cadherin in breast cancer. EGFR: epidermal growth factor receptor;

MMP-2: matrix metalloproteinase-2.

inhibit aromatase by activating AMP-activated protein kinase
(AMPK) pathway, AMPK/leptin pathway [30], and downregu-
lation of ERK, IL-8 and other pathways [31, 32]. Metformin
also inhibits estrogen signaling and response. Considering that
metformin can inhibit the proliferation of MCF-7 cells (lumi-
nal A type breast cancer), arrest cell cycle and induce apoptosis
[6]. So metformin has a certain effect on the treatment of lumi-
nal type breast cancer.

As an important indicator, Ki-67 can reflect the prolifera-
tion of cancer cells. In the stratified analysis of this topic, the
positive rate of Ki-67 is low in metformin group (36.4% vs.
62.5%, P = 0.017), suggesting that metformin can inhibit the
proliferation of breast cancer considering that the fact that it
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can reduce the expression of Ki-67 in the breast cancer tissue
[3, 20].

In this study, clinical case analysis also showed that the
lymph node metastasis rate in the metformin group was sig-
nificantly lower than that in the control group (P =0.001). Our
follow-up results suggested that the metformin group had a
low rate of recurrence and metastasis (P = 0.610), although
the difference was not statistically significant. Metformin can
directly inhibit the invasion and metastasis of triple-negative,
HER-2-positive breast cancer cell lines [17, 33], so metform-
in can inhibit the metastasis of breast cancer, but the specific
mechanism is unknown. EMT refers to the transformation
process of epithelial cell to mesenchymal cells under specific
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Table 4. Comparison of Immunohistochemical Indicators Between Metformin and Control Groups

Immunohistochemical indicators Metformin group Control group 2 P
EGFR
Negative 13 (39.4%) 17 (30.4%) 0.759 0.384
Positive 20 (60.6%) 39 (69.6%)
E-cadherin
Negative 11 (33.3%) 30 (53.6%) 3.423 0.064
Positive 22 (66.7%) 26 (46.4%)
N-cadherin
Negative 28 (84.8%) 43 (76.8%) 0.837 0.360
Positive 5(15.2%) 13 (23.2%)
MMP-2
Negative 23 (69.7%) 24 (42.9%) 6.002 0.014*
Positive 10 (30.3%) 32 (57.1%)

EGFR: epidermal growth factor receptor; MMP-2: matrix metalloproteinase-2. *P < 0.05.

physiological and pathological conditions, which is closely
related to the invasion and metastasis of tumor. Activation of
EGFR is one of the important mechanisms of EMT in breast
cancer cells [34]. MMP-2, E-cadherin and N-cadherin are
important downstream markers of EMT. This study analyzed
the effect of metformin on the expression of these four EMT-
related indicators.

EGFR is the receptor for EGF signaling and belongs to
a family of tyrosine receptors. The gene is located at 7q11.13
and contains 26 exons. The expression product is a 170 kDa
glycoprotein containing 53 amino acids. It is a transmembrane
protein composed of an extracellular region containing the
ligand-binding site, a transmembrane a-helix, and an intracel-
lular region harboring the tyrosine kinase domain. The mecha-
nism by which EGFR promotes tumor cell proliferation is as
follows: Abnormal expression of EGFR leads to a significant
increase in downstream signals. Mutations in receptors or li-
gands can result in sustained activation of EGFR which can
also self-activate through autocrine patterns. It is reported that
EGFR is highly or abnormally expressed in breast cancer tis-
sues. The positive rate is about 14% to 65%, which is closely
related to the occurrence, development and prognosis of breast

cancer [12]. Our study showed the expression rate of EGFR
was slightly higher than the 66.2% reported in the literature.
The expression of EGFR in the metformin group was lower
than that of the control group, but it was not statistically sig-
nificant.

MMP-2, a zinc-dependent proteolytic enzyme, is closely
related to tumor metastasis, and it has been associated with
degradation of collagen and laminin in the matrix. Studies
have shown that metformin can inhibit the metastasis of tumor
cells such as melanoma, endometrial cancer and osteosarcoma
by reducing the expression of MMP-2 and MMP-9 [18, 35,
36]. In this study, the expression rate of MMP-2 in the met-
formin group was 30.3%, which was lower than that in the
control group (57.1%, P = 0.01), suggesting that metformin
may inhibit the metastasis of breast cancer by downregulating
the expression of MMP-2 protein.

The E-cadherin gene, located on chromosome 16 q22.1, is
about 100 kb long with 723 - 748 amino acids of 80 - 124 kDa.
It is reported that its functional deletion is closely associated
with poor differentiation, high invasiveness and poor progno-
sis of breast cancer [37, 38]. In the current study, the expres-
sion of E-cadherin in metformin group was 66.7%, which was

Table 5. Comparison of Tumor Metastasis of Metformin and Control Groups

Follow-up results

Total number

Metformin group Control group

Local recurrence 2 0 2
Cutaneous metastasis 1 0 1
Bone metastases 2 1 1
Ipsilateral regional lymph node metastasis 2 1 1
Hepatic metastases 1 0 1
Pulmonary metastasis 2 1 1
Brain metastases 1 0 1
Multiple metastasis 2 1 1
Total 13 4 9
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higher than that in the control group (46.4%, P = 0.06). It has
been shown that metformin can inhibit the loss of E-cadherin
expression induced by transforming growth factor (TGF)- in
MCF-7 breast cancer cells [39], and also can upregulate the
expression of E-cadherin by activating the AMPK pathway
and weakening ERK signaling in lung cancer [40]. Therefore,
metformin may restore E-cadherin expression in breast can-
cer.

N-cadherin-encoding genes are located on chromosome
18 q11.2, which is generally rarely expressed in normal epithe-
lial tissues, but if expressed in epithelial tissues, they increase
the ability of invasion and migration of cancer cells [41]. In
this study, the overall positive expression of N-cadherin was
seen in 20.2% of the patients enrolled in the study, and 15.2%,
in the metformin group, which was lower than the 23.2% in the
control group, but there was no statistical significance.

Conclusions

We need to enhance physical examination for patients with
T2DM so that early detection of cancer can be achieved. For
breast cancer patients with T2DM, we should pay more atten-
tion to blood glucose level and increase follow-up. Metformin
is associated with luminal breast cancer and can inhibit the
invasion and metastasis of breast cancer and therefore is ben-
eficial to the prognosis of breast cancer.
BMI: body mass index; T2DM: type 2 diabetes mellitus.
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