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The expression of miR-205 is closely related to the occurrence, development, and prognosis of lung cancer and
breast cancer. However, studies show that it plays opposite roles in different tumor types. Because the expres-
sion and regulation of miR-205 are primarily confined to epigenetic areas, whether genetic variation of miR-
205 is related to the occurrence or to the development of tumors has not been reported. The aim of this study
was to screen genetic variation of miR-205 gene and to investigate its association with the risk and develop-
ment of lung and breast cancer.

Genomic DNA was extracted from cultured tumor cell lines and formalin-fixed and paraffin-embedded lung
and breast tissue samples. Bisulfite Clone Sequencing (BCS) and gRT-PCR were employed to detect the DNA
methylation status and gene expression of the miR-205 gene, respectively. Genetic variation of miR-205 and
miR-205HG were genotyped with PCR-sequencing method. Immunohistochemical analysis for ER, PR, and HER2
was performed on breast tissue samples.

A polymorphism, rs3842530, located downstream of the miR-205 gene and in the fourth exon of the miR-205
host gene (MiR-205HG), was screened. rs3842530 had no correlation with the risk of breast cancer, but was
associated with the risk of lung cancer (P<0.05).

These results indicate that the functional association of rs3842530 in miR-205HG and lung cancer might pro-
vide a possible explanation for the tissue-dependent function of miR-205 in different tumors.
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Material and Methods

Widely found across species, microRNA (miRNA, miR) is a high-
ly conserved non-coding RNA that is composed of 19~26 nu-
cleotides [1]. Because miRNA can regulate the expression of
nearly 1/3 of all protein coding genes in the human genome,
it has become an important area of research in a variety of
diseases, including tumors. The gene that contains the miRNA
coding sequence is called the miRNA host gene (HG). Because
miRNA originates from post-transcriptional splicing of its host
gene and may affect its host gene’s expression due to their
innate complementary sequences, there is crosstalk between
a miRNA and its host gene. Therefore, genetic and epigene-
tic association studies of miRNA and its host gene may pro-
vide a theoretical basis for revealing the relationship between
them and may help explore the mechanism of tumor diseases.

Gene polymorphism refers to different sequences of 2 or more
types in specific locations, or alleles, of a genome in a popula-
tion. This polymorphism may not only occur in protein coding
genes but can also occur in non-protein coding genes, such
as the miRNA coding gene or its host gene [2]. For example,
the miR-146a gene codes for 2 mature miRNAs: miR-146a-5p
and miR-146a-3p. The polymorphism rs2910164 in the miR-
146a-3p coding sequence has been associated with incidence
of hepatocellular carcinoma [3]; similarly, the miR-423 gene
contains the coding sequences for miR-423-5p and miR-423-
3p, and the polymorphism rs6505162 at the 3’ non-coding se-
quence of the miR-423 gene has been associated with blad-
der cancer, esophageal cancer, and breast cancer [4-6]. The
miR-17 host gene (miR-17HG) is a gene cluster that codes 6
types of mature miRNAs: miR-17, miR-18a, miR-19a, miR-20a,
miR-19b1, and miR-92al. The polymorphism rs4284505 in its
non-coding sequence has been correlated with the incidence
of breast cancer [7].

The expression of miR-205 is closely related to the occurrence,
development, and prognosis of both lung and breast cancer.
However, studies show opposing roles for its involvement in
different tumor types. Because the regulation of miR-205 in
lung and breast cancer is primarily confined to epigenetic areas,
such as gene methylation and histone modification, whether
the genetic variation of miR-205 is related to the occurrence
or developmental process of tumor growth has not been re-
ported. Consequently, we screened 10 tumor cell lines for se-
quence variations of miR-205 and miR-205HG and analyzed the
correlation between the polymorphism rs3842530 and the oc-
currence and development of lung and breast cancer to reveal
the possible different regulation mechanisms of the miR-205
gene and its opposing functions in the different tumor types.

Collection of clinical samples

Formalin-fixed and paraffin-embedded samples were obtained
from the Jiangxi Provincial Chest Hospital and Jiangxi Provincial
Tumor Hospital, comprising lung tissues from 286 patients, out
of which 93 were benign, and 391 cases of breast tissues, out
of which 197 were benign, with an age range of 15-90 years.
All diagnoses were based on the WHO criteria[8]. These pa-
tients, with primary malignant tumors, were not pre-treated
with radio- or chemotherapy.

Microarray database

The SurvMicro database [9] (http://bioinformatica.mty.itesm.
mx:8080/Biomatec/Survmicro.jsp) was used to analyze the cor-
relation between the expression of miR-205 and the preva-
lence of lung cancer or breast cancer. The relevance between
the expression of miR-205 and the survival rate of patients
with lung cancer or breast cancer was evaluated by use of the
PROGmIR database [10] (http://www.compbio.iupui.edu/prog-
mir). The relationship between miR-205HG mutation and the
survival rate of patients with lung cancer or breast cancer was
assessed using the cBioPortal database [11,12] (http://www.
cbioportal.org/index.do).

Cell culture

The breast cancer cell lines T47D, MCF7, MDA-MB-231, and
BT549, the lung cancer cell lines 95-D and A549, the gastric
cancer cell lines AGS and MGC803, and the hepatocellular car-
cinoma cell lines HepG2 and SMMC7721 were maintained in
Dulbecco’s modified Eagle’s medium (DMEM), supplemented
with 10% fetal calf serum. Cells were cultured at 37°Cin a hu-
midified incubator in 5% carbon dioxide.

DNA extraction and genotyping

DNA extraction was carried out using a conventional phenol-chlo-
roform method for cell lines and a salting-out method for forma-
lin-fixed and paraffin-embedded samples [13]. Genotypes were
analyzed with polymerase chain reaction (PCR) and sequencing.
Primers were designed with the online tool Primer3 [14,15].
The primers, forward 5’-ACAGGCTGAGGTTGACATGC-3’, reverse
5’-GAGTTACTCTTGCTGCTGCTG-3’, were used to amplify a 247
bp fragment. All the amplified samples were sent to Shanghai
Shenggong Bioengineering Company for sequencing.

Bisulfite clone sequencing (BCS)

The unmethylated cytosines of the genomic DNA were con-
verted to uridines by the addition of 5 M sodium bisulfite. The
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Wizard DNA Clean-Up System Kit (Promega) was used to pu-
rify the bisulfite-treated DNA. Primers for bisulfite-converted
DNA were designed with the online tool MethPrimer [16]. The
forward primer: 5’-GATTGGTTTATTTTTGTTGGATTTT-3’ and re-
verse primer: 5’-ACCTTACACCTAAAACCTTAATCCTC-3’ were used
to amplify a 218 bp sequence within miR-205 gene promot-
er. Fresh PCR products for each sample were cloned with the
pEASY-T1 cloning kit (Transgen Biotech, Beijing, China), and
clones were used as templates for a 468-bp fragment ampli-
fication with M13 primers, according to the manufacturer’s
instructions. Amplicons were sent to Shanghai Shenggong
Bioengineering Company for sequencing.

RNA extraction and quantitative real-time reverse
transcription PCR

Total RNA was isolated from the cells with TRIzol reagent
(Invitrogen Life Technologies), and reverse transcription was
performed using a RevertAid First Stand cDNA Synthesis kit
(Thermo, USA), following the manufacturer’s instructions.
Quantitative PCR was performed using SYBR Green Premix Ex
Tag™ Il (Takara Bio, Inc., Otsu, Japan) with ABI 7500 Real-time
PCR System (Applied Biosystems, Carlsbhad, U.S.A). All the prim-
ers were purchased from Guangzhou Ruibo Company. Data
were normalized to U6 small nuclear RNA (RNU6) levels. The
miR-205 expression level was analyzed by the general formula
ACt=Ct,,~Ct,

miR-205)°

Immunohistochemical analysis

IHC was performed using Max Vision techniques. Mouse an-
ti-human HER2 monoclonal antibody (MAB-0198, Maixin,
Fuzhou, China), rabbit anti-human PR antibody (Kit-0013,
Maixin, Fuzhou, China), and rabbit anti-human ER antibody
(Kit-0012, Maixin, Fuzhou, China) were used as primary anti-
bodies. IHC detection results were independently judged by
2 pathologists. Nuclear stained particles were used for ER or
PR positive detection and the amount of positive cell <25%
for low expression level and >25% for high expression lev-
el [17]; cell membrane stained particles were for HER2 posi-
tive detection and color intensity was used to distinguish low
and high expression.

Statistical analysis

The genotype distribution in benign lesions and tumor groups
were analyzed by chi-square test or corrected chi-square test.
In all results, P<0.05 was regarded as statistically significant.
All statistical analyses were performed using the SPS519.0
software package (SPSS, Chicago, IL).
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Results

Retrieval of high-throughput expression profiling
databases

The SurvMicro database contains high-throughput microRNA
expression profiling data, with 8 datasets each for lung and
breast cancer. In the TCGA data for lung cancer, a higher ex-
pression of miR-205 correlates with a higher risk (P<0.001)
(Figure 1A), whereas for breast cancer, a lower expression of
miR-205 correlates with a higher risk (P<0.001) (Figure 1A). As
the PROGmIR database shows (Figure 1B), the expression lev-
els of miR-205 are closely related to the survival rates of pa-
tients with lung and breast cancer. A lower expression of miR-
205 is correlated with a higher survival rate in patients with
lung cancer (P=0.0231), whereas a higher expression of miR-
205 is correlated with a higher survival rate in patients with
breast cancer (P=0.0001). As the cBioPortal database shows
(Figure 1C), for lung cancer patients with mutations in miR-
205HG, the survival rate is similar to that for those who do not
have mutations in this gene (P=0.835). In contrast, for breast
cancer patients, the survival rate of patients with mutations
at miR-205HG is significantly higher than for those without
mutations (P=0.019).

Bisulfite clone sequencing (BCS) analysis of the promoter
of the miR-205 gene in 10 tumor cell lines

After sodium bisulfite modification and PCR for the miR-205
promoter in DNA from 10 tumor cell lines, 218 bp ampli-
cons were TA cloned (Figure 2A). Overall, 468 bp of PCR prod-
ucts from positive clones was sent for subsequent sequenc-
ing (Figure 2A). Although 7 CpG sites were found in the CpG
island site of the miR-205 gene, there were only 5 CpG sites
consistent with methylation status (Figure 2B). The methyl-
ation frequency for the 5 CpG sites was not uniform in the
10 different cell lines (Figure 3A): the methylation frequen-
cy was low in the MCF7 (11.67%) and T47D (0.00%) cell lines
and high (between 93.85-100%) in the MDA-MB-231, BT549,
A549, AGS, MGC(C803, HepG2 and SMMC7721 cell lines, with
only 1 exception for the 95-D cell line, where the methylation
frequency was 62.50%.

Expression analysis of miR-205 in 10 tumor cell lines

As the gRT-PCR results for the 10 tumor cell lines show
(Figure 3A), the expression level of miR-205 was lowest in
the MDA-MB-231 and 95-D cell lines and highest in the T47D
and MCF7 cell lines.
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Figure 1. Retrieval of high-throughput expression profiling databases. (A) A schematic showing the association between the
expression levels of miR-205 and the prevalence risk of lung and breast cancer; (B) Kaplan-Meier curve demonstrating overall
survival for patients according to the expression of miR-205; (C) Kaplan-Meier curve indicating overall survival for patients
according to the mutation of miR-205HG.

Gene polymorphism analysis of miR-205 and miR-205HG the 247 bp miR-205HG PCR amplicons (Figure 4A). The elec-
in 10 tumor cell lines trophoresis speed of these PCR products was slightly differ-

ent; the PCR amplicons from the T47D, MCF7, BT549, and AGS
The 110 bp miR-205 coding gene as well as the 38 bp up- cell lines moved slightly faster than those from the other 6 cell
stream and 99 bp downstream sequences were all covered by lines (Figure 3B). The sequencing results showed that in the
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Figure 2. Bisulfite clone sequencing (BCS) analysis of the promoter of the miR-205 gene. (A) Gel electrophoresis of 218 bp amplicons
of the promoter of the miR-205 gene and 468 bp cloning products from 10 tumor cell lines; (B) DNA chromatograms
illustrating the 5 CG sites in the promoter of miR-205 gene, with unmethylated CGs being converted to TG in T47D cell line
and methylated CGs remained to be CG in MDA-MB-231 cell line.

10 tumor cell lines, no gene polymorphism was found with-
in the miR-205 coding sequence. At 50 bp downstream of the
miR-205 gene, in the fourth exon of miR-205HG, a repetition
number variation of repeated AGC sequences was discovered
(Figure 4B). In addition to the wild-type sequence (AGC),,, which
designates a 13 triple-nucleotide of AGC, there are 2 polymor-
phisms: rs3842530 (AGC), and rs781155012 (AGC),. The MDA-
MB-231 cell line has a homozygous type of 13/13, whereas
the 95-D, A549, HepG2, MGC803, and SMMC7721 cell lines
have the heterozygous type of 9/13; the AGS, BT549, MCF7
cell lines have the homozygous type of 9/9, and the T47D cell
line has the heterozygous type of 7/9.

Gene polymorphism analysis of miR-205 and miR-205HG
in lung and breast tissue samples

The sequencing results of PCR products from lung and breast
tissues revealed no polymorphism in the miR-205 coding
gene. However, downstream of the miR-205 gene, at the
fourth exon of miR-205HG, some reported SNP loci were dis-
covered (Figure 4B), including rs563793291 5 bp downstream,

rs186821678 14 bp downstream, rs568300824 23 bp down-
stream, rs776814851 47 bp downstream, rs112301138 48 bp
downstream, and rs3842530, rs781155012, rs766738965, and
rs565985624, all of which were 50 bp downstream of the miR-
205 coding gene. The repetition number variation of the AGC
repeated sequence 50 bp downstream of the miR-205 coding
gene is common and is mostly due to the rs3842530 polymor-
phism, which can be divided into the 13/13 type, 9/9 type, and
heterozygous type with different repetitions. Unreported poly-
morphic loci were not found in this amplified region.

Correlation analysis between the polymorphism
rs3842530 in miR-205HG and the risk and clinical
pathological characteristics of lung cancer and breast
cancer

In the lung cancer group, compared with the other 2 genotypes
(9/9 type or 9/13 type), the 13/13 genotype at the rs3842530
site was correlated with a lower risk in lung cancer (P<0.05) com-
pared to the benign lung lesion group. In the breast cancer group,
the distribution of the rs3842530 polymorphism showed no
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Figure 3. Methylation status, expression and sequence variation analysis of miR-205 gene in 10 tumor cell lines. (A) BCS and gRT-
PCR were employed to detect the methylation status of the promoter of miR-205 gene and the expression of miR-205 in 10
tumor cell lines; (B) Agarose gel electrophoresis for 247 bp amplicons of miR-205 gene in 10 tumor cell lines.

significant difference (P>0.05) (Table 1). Lung and breast cancer
patients with detailed clinical pathological characteristics were
divided into 2 groups according to the rs3842530 polymorphism:
a homozygous group with genotype 9/9, and a mixed group with
genotypes 9/13 and 13/13. The comparative analysis of clini-
cal pathological features showed that the rs3842530 genotype
had no statistical correlation with the lung cancer patients’ sex,
age, tumor location, tumor size, clinical staging, or lymph node
metastasis. The distribution of the rs3842530 genotype had no

significant correlation with the breast cancer patients’ sex, age,
tumor location, tumor size, clinical staging, lymph node metas-
tasis, or ER, PR, and HER2 expression levels (Table 2).

Discussion

As an important regulator for carcinogenesis, much research has
focused on miR-205. However, miR-205 acting as a promoter
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Figure 4. Gene polymorphism analysis of miR-205 and miR-205HG in lung and breast tissue samples. (A) SNPs loci of miR-205HG
discovered in lung and breast tissue samples; A 247 bp PCR products covering miR-205 and the fourth exon of miR-205HG
from 209,432,095 to 209,432,341 were amplified; (B) DNA chromatograms illustrating the genomic sequence variation of

miR-205HG.

Table 1. Association analysis between rs3842530 genotypes and the risk of lung cancer or breast cancer (P-value: compared with type

13/13 respectively).

Cancer

Benign lesion

Breast

Benign lesion Cancer

9/9 68 (51.13%) 65 (48.87%) 0.032 119 (52.65%) 107 (47.35%) 0.657
9/13 69 (52.27%) 63 (47.73%) 0.040 65 (47.10%) 73 (52.90%) 0.921
13/13 16 (76.19%) 5 (23.81%) 13 (44.44%) 14 (55.56%)

or suppressor in the occurrence and development of tumors is
tissue-dependent [18]. miR-205 can suppress the metastasis
of prostate cancer cells by inhibiting the proliferation of tumor
cells [19]. However, miR-205 can be an oncogene by promoting
the proliferation and spreading of endometrial cancer cells in vi-
tro [20]. Similarly, the role of miR-205 is different in the patho-
genesis of lung and breast cancer. miR-205 has been shown to
stimulate the occurrence and development of lung cancer. In
squamous cell lung cancer, the expression level of miR-205 in

cancer tissues was significantly higher than that of para-car-
cinoma tissues [21,22]. However, in breast cancer, the expres-
sion level of miR-205 is mostly reduced. Studies have shown
that the elevated expression of miR-205 can suppress breast
cancer development by acting on EerbB3 and VEGF-A [23,24].
By analyzing the SurvMicro and PROGmIR databases and the
literature, the expression levels of miR-205 in lung and breast
tissues were retrieved in this study. We showed that although
the expression of miR-205 was closely associated with the
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Table 2. Association analysis between rs3842530 genotypes and the clinical characteristics of patients with lung cancer or breast

cancer.

Lung cancer
Variables

Breast cancer

ymphatic Mo 2 (238%) 20 @exw) 39 (5342%) 34 (essw)
metastasis Yes 23 (67.65%) 11 (32.35%) 49 (59.76%) 33 (40.24%)
Low ND ND 60 (52.17%) 55 (47.83%)

ER expression  ------ooeemomooe e NP e e e 0.074
High ND ND 41 (66.13%) 21 (33.87%)
Low ND ND 61 (54.95%) 50 (45.05%)

PR expression - ND 0.463
High ND ND 40 (60.61%) 26 (39.39%)
HER-2 Low ND ND 57 (54.81%) 47 (45.19%)

R ND  -ooeemesmssmmemss s 0.402
@piEEer High ND ND 47 (61.04%) 30 (38.96%)

ND - not determined.

risk and progression of lung cancer and breast cancer, its ef-
fect is distinctly opposite in these 2 types of cancer, suggest-
ing that the regulation mechanism for miR-205 in these 2 tu-
mors may not be the same.

Studies on the regulation of the miR-205 gene have revealed
its distinct roles in different types of tumors. Although the re-
lationship between miR-205 expression and tumor growth has
been widely reported, studies on miR-205 gene regulation are
still insufficient. To date, this field of research is mainly limited
to DNA methylation and histone modification in its promoter
region. Reduced polycomb protein Mel-18 levels can decrease
the expression of miR-205 by promoting methylation of the
miR-205 gene, thus contributing to the occurrence of breast
cancer[25]. Sun s found that a long non-coding RNA, HOX tran-
script antisense RNA (HOTAIR), can control miR-205 gene ex-
pression, and Guan et al. reported that HOTAIR can affect the
histone modification status of H3K4me3 and H3K27me3 in
its promoter region [26]. To determine whether the expres-
sion level of miR-205 is correlated with its methylation status

in its promoter region, the methylation status and expression
level of miR-205 in 10 strains of cancer cells were detected by
BCS and qRT-PCR, respectively. Except for the lung adenoma
cell line 95-D (total methylation frequency is 62.50%), the ex-
pression of miR-205 and total methylation frequency was neg-
atively correlated within the 9 other cancer cell strains. This
result suggests that the expression level of miR-205 is main-
ly affected by the methylation status in its promoter region,
but methylation regulation in the promoter region may not be
the only way to regulate the expression of the miR-205 gene.

Not only closely related to DNA methylation and other epigen-
etic regulation, the expression process of a gene is also asso-
ciated with its sequence structure. The human miR-205 gene
is located within the miR-205HG (LINC00510) region at chro-
mosome location 1g32.2, which includes a 110-bp sequence
and encodes 2 mature miRNAs: miR-205-5p and miR-205-3p.
The fourth exon of miR-205HG shares a 39-bp sequence with
the miR-205 coding gene, in which relatively intensive poly-
morphism loci exist. By searching the cBioPortal database, we
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found that in breast cancer, the survival rate of patients with
miR-205HG mutations was significantly higher than that of
those without mutations (P=0.019), which suggests that se-
quence variation in miR-205HG may affect the development
of cancer. Therefore, by designing primers that target the miR-
205 gene and the fourth exon of miR-205HG, PCR product se-
quencing for 10 tumor cell lines can help determine whether
polymorphism loci exist in this region. With agarose gel elec-
trophoresis, the speed of PCR products from 10 tumor cell
lines was slightly different, indicating the presence of poten-
tial deletion or insertion sequences in this region. The sequenc-
ing results of the PCR products revealed a deletion/insertion
variation in the AGC repetitive sequences of the fourth exon
of miR-205HG. Because type 13 is 12 bp longer than type 9,
it can be seen that the electrophoresis speeds of cell lines of
type 7/9 or type 9/9 (T47D, AGS, BT549, and MCF7) were sig-
nificantly faster than the other 6 cell lines of either type 13/13
or 9/13. Combined with the expression of miR-205 in the 10
cell lines, it can be seen that the repetition number variation
of AGC sequences in the miR-205HG may affect the expres-
sion of miR-205. With an increasing number of AGC repeats,
the expression of miR-205 shows a gradual decreasing trend.

Studies show that miRNA coding sequences occur in spacer
regions, exons, or introns of genes, and in the gene contain-
ing the miRNA coding sequence, called a host gene. The host
gene can be either a protein-coding gene or a non-protein cod-
ing gene, such as the long non-coding RNA gene. Because the
transcription and maturation of miRNA is closely linked to its
host gene expression, they often present a co-expression and
co-regulation pattern during the occurrence and development
of diseases. Guan et al. found that in thyroid carcinoma, the
expression of both miR-218-2 and its host gene SLIT3 was re-
duced, and they regulated the proliferation and mobility of
thyroid cancer cells in a coordinated manner [27]. Meanwhile,
due to the complementary pairing relationship, mature miRNA
and its host gene can be mutually regulated. Truscott found
that miR-11 is co-expressed with its host gene, dE2F1, and can
suppress the accumulation of the dE2F1 transcription activa-
tor to inhibit dE2F1-dependent apoptosis [28]. Moreover, the
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polymorphism within the miRNA host gene can regulate the
expression of miRNA. The miR-126 gene lies in the intron of its
host gene, EGFL7. The polymorphism rs4636297, which is 12
bp downstream of the miR-126 gene, can influence the devel-
opment of diabetic retinopathy by regulating the expression
of miR-126 [29]. While there have been many clinica studies
on lung cancer [30], whether the miR-205HG variation affects
tumor disease progression and whether this variation impacts
different effects on lung cancer and breast cancer remain un-
known. Therefore, we detected rs3842530 of miR-205HG in lung
and breast tissue samples. The results show that rs3842530
is not correlated with the risk of breast cancer or the clinical
pathological features of patients with lung and breast cancer
(P»0.05), but is associated with the risk of lung cancer (P<0.05).
Compared with types 9/9 and 9/13, the population that carries
type 13/13 has a lower risk of lung cancer. This may be relat-
ed to the increased expression of miR-205 in populations with
genotype 9/9 or 9/13, which are more prone to lung cancer.

In summary, combining DNA methylation and the expression
analysis of the miR-205 gene, this study screened rs3842530,
a polymorphism located downstream of the miR-205 gene and
in the fourth exon of miR-205HG, and analyzed the correla-
tion between the polymorphism and both the risk and clinical
pathological features of lung and breast cancer. We speculate
that the rs3842530 polymorphism may be related to the risk
of lung cancer, which may provide a possible explanation for
the tissue-dependent function of miR-205 in different tumors.

Conclusions

These results indicate that the functional association of
rs3842530 in miR-205HG and lung cancer might provide a
possible explanation for the tissue-dependent function of miR-
205 in different tumors.
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