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miRNA profiling reveals a potential role of
milk stasis in breast carcinogenesis

YI-QI GU', GU GONG?, ZHE-LI XU!, LI-YING WANG®, MING-LI FANG>,
HUI ZHOU!, HUA XING', KE-REN WANG' and LIANG SUN!

'Breast Surgery, 2Spine Surgery, China-Japan Union Hospital of Jilin University, Changchun, Jilin 130033;

3Depa.rtment of Molecular Biology, College of Basic Medical Sciences, Jilin University, Changchun, Jilin 130021, PR. China

Received December 2, 2013; Accepted February 17, 2014

DOI: 10.3892/ijmm.2014.1677

Abstract. The tumor microenvironment plays an important
role in breast carcinogenesis. Milk acts as an important
microenvironment of breast cancer, but its role in breast carci-
nogenesis is largely unknown. Milk stasis may exist in the
breast for a number of years after breastfeeding. In the present
study, we reported the first microRNA (miRNA) profiling of
milk from patients with milk stasis. We identified 266 known
miRNAs and 271 novel miRNAs in 10 milk stasis only samples,
271 known miRNAs and 140 novel miRNAs in 10 milk stasis
plus breast neoplasm samples by deep sequencing. miRNA
profiles were different between the two groups. Furthermore,
nine tumor suppressor miRNAs such as miR-29a, miR-146
and miR-223 were significantly downregulated, while seven
oncogenic miRNAs such as miR-451, miR-486, miR-107,
miR-92 and miR-10 were significantly upregulated in the milk
of milk stasis plus neoplasm patients. Three of the identified
miRNAs (miR-140, miR-21 and let-7a) were selected using
real-time PCR, confirming that these miRNAs were highly
expressed. The results also showed that the three miRNAs
detected were more abundant in the milk than in the blood.
In summary, the data suggested that miRNAs in milk from
milk stasis patients may contribute to breast carcinogenesis
and that they are more sensitive biomarkers for breast cancer
than miRNAs in the blood.

Introduction
Mammary gland is a highly efficient organ that produces milk

during nursing and is composed of epithelial, adipose and other
stromal cells (1). Breast cancer is a type of cancer originating
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from breast tissue such as the inner lining of milk ducts or the
lobules that supply the ducts with milk (2-4). Breast cancer is
100 times more common in women than in men and accounts
for 22.9% of all cancer types in women (5,6). Therefore, the
primary risk factors for breast cancer are female gender and
older age (7,8). Other potential risk factors include lack of
childbearing or breastfeeding, high hormone levels, diet and
obesity (9,10). However, the exact risk factors that contribute
to breast cancer development are largely unknown. Although
mutations in BRCA genes have been linked to breast cancer
initiation, they only account for a small percentage of breast
cancers (11,12). These data suggest that the breast microen-
vironment such as milk may also contribute to breast cancer
initiation and development.

MicroRNAs (miRNAs or miRs) are small non-coding
single-stranded RNAs transcribed from genomic DNA and
processed to mature miRNAs by Drosha in the nucleus and
subsequently by Dicer in the cytoplasm (13,14). A variety of
miRNAs have been identified to play a role in breast cancer
carcinogenesis (15,16). Let-7 family and miR-200 family are
relatively well-characterized miRNAs that are crucial to breast
cancer initiation and breast cancer cell self-renewal (17-20). In
addition, results of a recent study showed that the combina-
tion of miR-145 and miR-451 in the blood may discriminate
breast cancer patients from healthy controls (21). A notable
and important biological feature of miRNAs is their greater
stability relative to mRNAs, which makes them stable and
powerful biomarkers for breast cancer. Milk and the contained
miRNAs act as an important breast cancer microenvironment,
however, their roles in breast cancer development are largely
undetermined.

It has previously been demonstrated that miRNAs are
present in bovine and human breast milk (22-26). miRNAs
in breast milk are stable even under extremely acidic condi-
tions (pH 1) and the freeze-thawing process, and are resistant
to RNase treatment (22,27). Milk is produced but instead of
discharging during feeding it remains in the breast, resulting
in ‘milk stasis’ (28-30). The duration required for milk stasis
ranges from several years to =30 years. Milk stasis in patients
is usually found via fiberoptic ductoscopy or operation, with
most patients presenting non-spontaneous nipple discharge.
Milk stasis is the main cause of mastitis, however, its role in
breast cancer remains to be determined.
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The aim of this study was to determine miRNA profiling
in milk stasis. Comparison of milk miRNA profiles between
patients with milk stasis only and patients with both milk
stasis and breast tumor showed differential miRNA expression
in the two cohorts, confirmed by quantitative PCR. Our results
demonstrated a potential role of milk stasis and the associated
miRNAs in breast cancer development.

Materials and methods

Subject cohorts. Two cohorts of women with milk stasis
were enrolled in this study. One cohort included 10 patients
with milk stasis but without tumor as evidenced by breast
ultrasound and mammography. The other cohort included
10 patients with milk stasis and breast tumor. Pathological
examination confirmed that one case was ductal carcinoma in
situ, one case was atypical ductal epithelial hyperplasia and
eight cases were intraductal papilloma (Fig. 1). All the women
involved in this study provided signed informed consent.
The study was approved by the Ethics Committees of Jilin
University (Changchun, China).

miRNA isolation. Samples were collected by lavaging the
breast milk ducts with 0.9% saline, and frozen until centrifuga-
tion in RNAse-free tubes at 4°C. The substratum liquid layer
containing miRNAs was transferred to a new RNAse-free
tube, and stored at -80°C until RNA isolation. miRNA isolation
was performed using a mirVana miRNA Isolation kit (Ambion,
Inc., Foster City, CA, USA). The purity and quantity of isolated
miRNA were determined by a spectrophotometer (UV2800
ultraviolet spectrophotometer; Unico, New York, NY, USA).

miRNA identification. Total RNA isolated from the lavage milk
obtained from each woman was used for library construction
and subjected to single-end sequencing in 36-bp reads using an
[llumina Genome Analyzer II (Illumina, San Diego, CA, USA).
The raw reads that passed through a series of filters (such as
the length and sequence comparison) were termed ‘map-pable
reads’. The map-pable reads were counted and the identical
reads were combined into a single type, and then mapped to
the 1,527 human pre-miRNAs registered in the miRBase 18.0
with no more than one mismatch. The most abundant mature
variant of a given miRNA was chosen as a reference sequence,
which provided the most robust approach for the evaluation of
the expression level of miRNA.

Quantitative PCR. cDNA was generated from 5 pl total RNA
using.One Step PrimeScript® miRNA ¢DNA Synthesis kit
(Takara Bio, Inc., Shiga, Japan) according to the manufac-
turer's instructions. Quantitative PCR was performed using
a High-Specificity miRNA gRT-PCR Detection kit (Takara)
on the ABI PRISM® 7300 real-time PCR system. The AACt
method was used to determine the expression level of miRNAs
in the surveyed samples.

Results
miRNAs profiling of milk from the two groups. To profile

miRNAs in human breast milk from patients with milk stasis
(all patients stopped breastfeeding for =3 years; average stop
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Table I. Summary of known and novel miRNAs in the two
groups.

miRNA Novel
Variables miRNA miRNA-5p miRNA-3p precursors miRNA
Known miRNA
in miRbase 18 845 533 542 1527
Milk stasis 266 292 292 736 271
Milk stasis
plus breast tumor 271 292 294 732 140

Figure 1. Typical image of different types of neoplasm. (A) Ductal carci-
noma in situ, (B) atypical ductal epithelial hyperplasia, and (C) intraductal
papilloma.

breastfeeding years, 10; average age, 39.2 years), we extracted
total RNA from human saline lavage from breast ducts
with milk stasis. The concentration of miRNAs was 88 and
128.4 pg/ml in milk from the milk stasis only group and milk
stasis plus breast neoplasm group, respectively.

A total of 821,967 unique SRNAs were detected in 10 milk
stasis only samples and a total of 677,177 sSRNAs were detected
in 10 milk stasis plus breast neoplasma samples. The two groups
showed similar length distribution of SRNAs. The majority of
sRNAs were at a length of 20, 21, 22 and 23 nt (Fig. 2). A total
of 7.56% unique SRNAs were identified in the two groups, and
41.03 and 51.41% were specifically detected in the milk stasis
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Figure 2. Feature of identified SRNA: length distribution.
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Figure 3. Common and specific sequence between the two groups.

plus breast neoplasm group and milk stasis only group, respec-
tively (Fig. 3). Among them, 266 known miRNAs together
with 271 novel miRNAs were detected in 10 milk stasis only
samples and 271 known miRNAs together with 140 novel
miRNAs were detected in 10 milk stasis plus breast neoplasm
samples (Table I). The first nucleotide of miRNAs at a length
of 18-30 nt is shown in Fig. 4. Nucleotides A and U were the
most frequent first nucleotides.

To understand the features of SRNAs in milk stasis,
subtypes of RNAs were identified in the two groups (Fig. 5)
and the sequences were aligned to the human genome. A total
of 69.82% of unique sSRNA in milk stasis only patients and
67.70% of unique SRNA in milk stasis plus neoplasm patients
were mapped to the genome. Collectively, these data clearly

demonstrated that sSRNAs are abundant in milk stasis patients.
The microenvironment of the epithelial cell was altered during
the years following breastfeeding.

Differential expression of miRNA in the two groups. Milk is
an important microenviroment for breast cancer development,
thus we hypothesized that miRNAs involved in milk stasis
may regulate breast cancer development. We compared the
expression of miRNAs between milk stasis only patients and
milk stasis plus breast neoplasm patients. Fig. 6 shows the
differential expression of miRNA in the two groups by plotting
of Log2-ratio and scatter plot. A total of 174 known miRNAs
showed a differential expression (p<0.01). Among them,
nine miRNAs (hsa-let-7g-5p, hsa-miR-29a-3p, hsa-let-7e-5p,
hsa-miR-146a-5p, hsa-miR-146b-5p, hsa-miR-181a-5p,
hsa-miR-191-5p, hsa-miR-223-3p, hsa-let-7a-5p) were signifi-
cantly downregulated (p<0.01, fold-change >1) compared to
milk stasis only patients (Fig. 7A), six of which were tumor
suppressors (hsa-let-7g-5p, hsa-miR-29a-3p, hsa-let-7e-5p,
hsa-miR-146b-5p, hsa-miR-223-3p, hsa-let-7a-5p). By contrast,
seven miRNAs (hsa-miR-451a, hsa-miR-486-5p, hsa-miR-
107, hsa-miR-16-5p, hsa-miR-185-5p, hsa-miR-92a-3p,
hsa-miR-10a-5p) were significantly upregulated (p<0.01,
fold-change >1) in milk stasis plus breast neoplasm patients,
compared to milk stasis only patients (Fig. 7B), five of which
have an oncogenic function (hsa-miR-451a, hsa-miR-486-5p,
hsa-miR-107, hsa-miR-92a-3p, hsa-miR-10a-5p).

We also detected 13 highly expressed miRNAs in the two
groups (p>0.05, fold-change <1), nine of which were tumor
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Figure 4. MicroRNA (miRNA) first nucleotide bias in two groups.
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Figure 5. Subtype of microRNA (miRNA) identified in two groups.
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hsa-miR-143-3p, hsa-let-7i-5p), while hsa-miR-140-3p had
oncogenic function (Fig. 7C).

L Twenty immune-related miRNAs, which are reported in
i . the milk of <11 months of lactation were compared. Six of

i. C the 20 were significantly downregulated in the milk stasis plus
?‘- breast neoplasm group, however, mir-92-3p and mir-92-5p

which have an oncogenic function were significantly upregu-
. lated (Fig. 7D).

ol I The differential miRNA profiling between the two groups
’ suggested that miRNA involved in milk stasis may play

important role in breast carcinogenesis.

Verification of the expression of miRNAs in milk stasis. To
confirm that miRNAs are abundant in milk stasis, we used

01

10 100 1000 10000 100000 iooocoo  quantitative PCR to quantify the expression of three miRNAs
(miR-140, miR-21 and let-7a) in randomly selected 20 milk
samples, 10 of which were milk stasis samples, and the
Figure 6. Differential expression. remaining 10 milk stasis plus tumor samples. Consistent with

Milk stasis plus tumor
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reported in the milk of <11 months of lactation in the two groups. Y-axis 1: milk stasis, 2: milk stasis plus tumor.
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Figure 8. Differentially expressed microRNA (miRNA) confirmed by
quantitative PCR.

our sequencing data, miR-140, miR-21 and let-7a were highly
expressed in the selected samples (Fig. 8). Thus, these results
confirm that miRNAs robustly exist in milk from milk stasis
patients.
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Figure 9. MicroRNA (miRNA) level in blood and milk from milk stasis
patients.

miRNAs are more abundant in milk stasis than in the blood.
Identification of biomarkers that predict or prevent breast
cancer is important for breast cancer patients. Due to the abun-
dance of miRNASs in milk stasis, we examined whether milk
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miRNAs are better biomarkers for breast cancer than blood
miRNAs. We selected seven patients and determined miRNAs
(miR-140, miR-21 and let-7a) both in the milk and the blood.
Results showed that miR-140, miR-21 and let-7a were more
abundant in the milk than in the blood (Fig. 9). The results
suggest that miRNAs in the milk from milk stasis patients
may be more sensitive biomarkers.

Discussion

Previous studies have focused on gaining a better under-
standing of breast carcinogenesis; however, the underlying
molecular mechanisms remain to be determined (31,32). It
is well recognized that the tumor microenvironment plays
critical roles in breast cancer development (33,34). Milk acts
as an important microenvironment of breast cancer, however,
its role in breast carcinogenesis is largely unknown. Milk can
remain in the breast over a long period of time after feeding
(milk stasis) and the milk remaining in the breast can influ-
ence the microenvironment of the breast. However, the exact
role of milk stasis in breast carcinogenesis is unknown. To
the best of our knowledge, this is the first study on the abun-
dance of miRNAs in milk remaining in breast after feeding.
Furthermore, we found that miRNA profiling was different
between milk stasis only patients and patients with milk stasis
plus breast neoplasm. The different miRNAs profiles suggest
that miRNAs in milk remaining in breast may contribute
to breast carcinogenesis. We also provided evidence that
miRNAs in milk remaining in breast were more easily
detected compared to miRNAs in the blood.

Milk consists mainly of water, proteins, lactose, fat, and
minerals with wide-ranging chemical, physical and func-
tional activities. Evidence has shown that milk also contains
miRNAs (35). Weber et al have reported that miR-509-5p,
miR-515-3p, and miR-335 were the most abundant miRNAs in
the majority of the body fluid samples including milk, while
miR-193b was unique in breast milk (36). Zhou et al reported
that miR-148A-3P, miR-30B-5P, let-7f-5p, miR-146B-5P,
miR-29A-3P, let-7a-5p, miR-141-3P, miR-182-5P, miR-200A-3P
and miR-378-3P were the top 10 miRNAs identified in the
milk (26). However, Munch et al showed that miR-148a,
let-7a, mir-200c, miR-146b-5p, let-7f, miR-30d, miR-103,
let-7b, let-7g and hsa-mir-21 were the most abundant miRNAs
present in the milk (24). Consistent with previous studies, we
found that lavage from milk stasis patients contained a variety
of miRNAs. As the patients included in this study stopped
feeding at least three years previously, the miRNAs in the milk
were stabilized and affected breast microenviroment over a
long period of time, which may cause breast cancer. Profiling
therefore is a good biomarker for breast tumors especially the
ductal carcinoma in situ.

Kosaka et al systematically analyzed the expression of
miRNAs in milk during the first six months and 6-11 months
of lactation, and found that the majority of immune-related
miRNAs were downregulated during lactation. In this study,
we found that the expression of immune-related miRNAs
between milk stasis only and milk stasis plus neoplasm groups
was different, suggesting that the biological feature of milk
stasis is different from lactation. Milk of lactation provides
nutrition and immunity to infants and supports their health.
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By contrast, milk from milk stasis potentially acts as a risk
factor for breast cancer because our profile data showed that
many oncogenic miRNAs were highly expressed in the two
groups studied and the immune-related miRNAs were almost
downregulated.

The let-7 family miRNAs are the most recognized
miRNAs in milk from healthy patients (17-19). Consistent with
previous reports, we found that let-7 family miRNAs (let-7g-5p,
let-7e-5p, let-7a-5p, let-7b-5p, -let-Tc, let-7f-5p, let-7i-5p) were
abundant in the patients with milk stasis only, although their
levels were significantly reduced in patients with milk stasis
plus breast tumor. Let-7 family miRNAs are known to play a
tumor suppressor function (17-19). Furthermore, a number of
other tumor suppressor miRNAs such as miR-29a, miR-146
and miR-223 were downregulated, while oncogenic miRNAs
such as miR-451, miR-486, miR-107, miR-92 and miR-10
were upregulated in the milk of milk stasis plus neoplasm
patients. These results suggest that the expression switch of
oncogenic and tumor suppressor miRNAs in the milk of milk
stasis patients contributes to breast carcinogenesis. However,
the specific function of individual miRNA identified in milk
stasis in breast carcinogenesis remains to be addressed.

Another significant finding of this study is that miRNAs in
breast lavage of milk stasis patients are more easily detected
than miRNAs in the blood. Thus miRNAs in breast lavage
of milk stasis may be better biomarkers to predict the risk of
breast cancer.

In summary, although the sample size included in the current
study was limited, we provided several novel and noteworthy
findings. To the best of our knowledge, this is the first study on
miRNA prolifing of breast lavage of milk stasis patients. Our
data suggest that miRNAs in milk from milk stasis patients
contribute to breast carcinogenesis and they are more sensitive
biomarkers of breast cancer than miRNAs in the blood.
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