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Abstract: Breast cancer, the most common malignancy in women worldwide, places a heavy economic burden and 
mental stress on families and society. Previous research showed that abnormal expression of miRNAs was closely 
related to the occurrence, metastasis, and angiogenesis of breast cancer. And in this study, the abnormal expres-
sion of miR-22 was detected by RT-PCR in the paired breast cancer tissues and adjacent non-tumor tissues. CCK-8 
and wound healing assays were performed to evaluate the effects of the proto-oncogene ATP citrate lyase (ACLY) on 
the growth and metastasis of breast cancer MCF-7 cells. The results showed that miR-22 inhibited the growth and 
metastasis of MCF-7 cells by down-regulating the expression of ACLY. In conclusion, this study elucidated the roles 
of miR-22 in regulation of breast cancer differentiation and migration, which provides a target for early diagnose 
and therapy of breast cancer.
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Introduction 

Recently, the noncoding RNAs, such as microR-
NAs, competing endogenous RNA and long no- 
ncoding RNA were reported to be closely relat-
ed to breast cancer proliferation, differentia- 
tion, and apoptosis, and attracted the attention 
of the researchers strongly [1, 2]. MicroRNAs 
(miRNAs) are a class of abundant noncoding 
small RNAs, which have a complementary func-
tion to that of the 3’-untranslated region (3’-
UTR) of target mRNA [3-5]. They inhibit protein 
synthesis and induce mRNA degradation, in 
addition to inducing negative regulation of the 
expression of target genes at the post-tran-
scriptional level and regulation of basic phy- 
siological processes, such as cell metabolism, 
proliferation, differentiation, and apoptosis. Pre- 
vious research showed that miRNA expression 
levels were altered in tumors, suggesting that 
miRNAs may play a role as oncogenes or tumor 
suppressor genes in tumorigenesis [6]. When 
overexpressed in tumors, miRNAs are known 

as oncogenes, which promote tumor progr- 
ession through negative regulation of tumor 
suppressor genes [7]. They also control cell  
differentiation and apoptosis genes, such as 
miRNA-17-92 [7]. MiRNAs with reduced expres-
sion in tumors are called tumor suppressor 
genes, or tumor suppressor miRNAs, and they 
impede the development of tumors by inhibit- 
ing oncogenes or controlling cell differentiation 
and apoptosis genes, such as Let-7 [8]. MiRNAs 
are widely involved in the growth and develop-
ment of the body and other life processes. 
However, they are also implicated in liver can-
cer, lung cancer, breast cancer, and other 
tumors, and miRNA expression can be used in 
the diagnosis, staging, prognosis, and treat-
ment of some tumors.

Breast cancer is currently the most common 
malignancy in women, with about 1.2 million 
women suffering from breast cancer and 
500,000 breast cancer-related deaths. Thus, 
the disease poses a serious threat to women’s 
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health. Breast cancer as a high incidence of 
swollen, is a lack of a decisive basis for labora-
tory testing in the early diagnosis [9, 10]. The 
specificities of proto-oncogenes and tumor 
suppressor genes are not specific, and the 
early sensitivities of tumor cells are also low. 
Previous studies showed that abnormal ex- 
pression of miRNAs was closely related to the 
occurrence, metastasis, and angiogenesis of 
breast cancer [11, 12]. Improvements in gene 
chip technology, reverse transcription PCR, and 
Northern blotting, will enable to combine the 
miRNA expression levels and the detection of 
clinical tumor genetic diagnosis [13].

For the mechanism study of breast cancer 
occurrence, invasion, and metastasis, differen-
tial gene analysis of breast cancer tissue and 
normal tissue revealed abnormal expression of 
miR-22 in breast cancer tissue. The studies of 
its effects on the invasion and metastasis of 
breast cancer cells would provide a theoretical 
basis for the target treatment and prediction of 
breast cancer.

Materials and methods

Cell line and animals

The MCF-7 cell line was purchased from the 
Cell Culture Collection of the Chinese Academy 
of Sciences (Shanghai, China) and cultured in 
1640 medium containing 10% fetal bovine 
serum and 1% penicillin/streptomycin at 37°C 
in an atmosphere of 5% CO2 for 2-3 days. Nu- 
de mice were obtained from the Institute of 
Oncology, Chinese Academy of Medical Sci- 
ences. All the experiments were performed in 
accordance with the guidelines for care and 
use of experimental animals of the experimen-
tal animal research committee of the authors’ 
institution.

Sequencing analysis 

Large samples of breast cancer tissue and  
surrounding tissue were processed, and RNAs 
were extracted for sequencing analysis. Sequ- 
encing data were obtained using the Illumina 
HiSeq sequencing platform. The quality of the 
original sequencing data was evaluated and 
processed to obtain clean reads. The FPKM 
method was used for quantitative analysis, and 
differential gene expression analysis of breast 
cancer tissues was performed.

Design of mimics and inhibitors for synthesis 
and transfection

MiR-22 mimics and inhibitors were synthesized 
by the Gemma gene company (Suzhou, Jiangsu, 
China). The sequences were as follows: mimics: 
5’-agttcttcagtggcaagcttta-3’, mimics-nc: 5’-uu- 
cuccgaacgugucacguuu-3’; inhibitors: 5’-uaaag- 
cuugccacugaagaacu-3’, inhibitors-nc: 5’-cagua-
cuuuuguguaguacaa-3’. Centrifuge tubes con-
taining the mimics and inhibitors were added  
in sterile DEPCs and placed at a concentration 
of 20 μM. Then, 2 mL of serum-free medium 
without antibiotics was added to the MCF-7 
cells, and a transfection solution containing 
250 μL of Opti-MEM and 10 μL of Lipofecta- 
mine 2000 was added. The medium was re- 
placed with serum containing antibiotics, the 
culture was continued for 24 h, and the cells 
were then collected.

Western blotting analysis 

MCF-7 cells were harvested and lysed with ice 
cold lysis buffer (50 mM Tris-HCl, pH 6.8, 100 
mM β-mercaptoethanol, 2 % w/v SDS, 10% 
glycerol). After centrifugation at 20,000×g for 
10 min at 4°C, proteins in the supernatants 
were quantified and separated by 10% SDS-
PAGE and transferred to PVDF membrane 
(Millipore, MA, USA). After blocking with 10% 
nonfat milk in PBS, the membranes were im- 
munoblotted with antibodies as indicated, fol-
lowed by HRP-linked secondary antibodies (Cell 
Signaling). Antibodies against ALCY (No. #4332, 
Cell signaling Technology, MA, USA) and GAP- 
DH (No. #5174, Cell signaling Technology, MA, 
USA). Protein levels were normalized to that of 
total GAPDH.

Real-time quantitative polymerase chain reac-
tion (Real-time qPCR)

According to the manufacturer’s instructions, 
total RNA was extracted from cervical tissue 
using Trizol reagent (Invitrogen, Carlsbad, CA, 
USA). RNA was quantified according to its ab- 
sorption at 260 nm. The isolated RNA was then 
DNase-treated and reverse-transcribed acc- 
ording to manufacturer’s protocol. Briefly, miR-
NAs were reverse transcribed using a Prime- 
Script reverse transcription kit, miScript SYB- 
RGreen PCR kit and miScript primer assays 
according to the manufacturer’s instructions 
(Qiagen, Valencia, CA, USA). Quantitative real-



ACLY plays important roles in breast cancer

661 Am J Transl Res 2018;10(3):659-669

time PCR was performed using an ABI PRISM 
7300 sequence detection system. Cycling pa- 
rameters were 2 min at 50°C and 10 min at 
95°C, followed by a total of 40 cycles of 15 s at 
95°C and 1 min at 60°C. All of the reactions 
were performed in triplicate. The gene expres-
sion ΔΔCT values of the miRNA were calculated 
by normalizing to the internal control β-actin. 

Luciferase reporter assay

ACLY double luciferase reporter wild type and 
mutant type were constructed. The ACLY am- 
plification primers were as follows: h_AC- 
LY_3UTR_F: GGCGGCTCGAGCCATACAGTGATTT- 
ACCATT, h_ACLY_3UTR_R: AATGCGGCCGCACA- 
ACATTACTTGGGATTTT, h_ACLY _mut_F59: TG- 
TAGGTAATTACAATATTCCCAGAGAATTGTA, h_AC- 
LY_mut_R80: GGGAATATTGTAATTACCTACAGCT- 
GTTTTTA. MCF-7 cells (2×105/well) were seed-
ed in 24-well plates and incubated overnight 
before transfection. The vector was pmiR-GY-
REPORT™ (PsiCHECK-2), the reported fluores-
cence of the vector was hRluc, the corrected 
fluorescence was hluc (the internal reference 
correction). The 3’-UTR region of the gene was 
cloned into the downstream of the hRluc gene. 
miRNA is involved in the target gene through 
the 3’-UTR region. Therefore, miRNA was co-
located with the constructed reporter gene  
vector, and the interaction of miRNA with the 
target gene was demonstrated by down-regula-
tion of the relative fluorescence value of the 
reporter gene. Then, 48 h after co-transfection, 
both firefly and renilla luciferase activities were 
quantified using a dual luciferase reporter sys-
tem (Promega, USA), according to the manu- 
facturer’s protocols. Each treatment was per-
formed in triplicate in three independent ex- 
periments.

Construction of a lentivirus plasmid

The full-length cDNA sequence of the ACLY 
gene was cloned into pCDNA3.1. Packaging 
and infection of the lentivirus were done with 
the help of the Gemma Gene Company. MCF-7 
cells were infected with the overexpressed  
lentivirus of ACLY and formed stable experi-
mental cell lines.

CCK-8 assay

To detect cell viability, the cells were transfect-
ed with miR-22 mimics and inhibitors for 48 h 
using a CCK-8 kit (Dojindo, Tokyo, Japan) 

according to the instructions of the manufac-
turer (Beijing Li Weining Biological Technology 
Co., Ltd, Beijing, China). The transfected cells 
were incubated in a cell incubator for 0.5-4 h 
and tested after 0.5, 1, 2, and 4 h using a 
microplate reader. Absorbance was measured 
at 450 nm.

Flow cytometry assay

The apoptoThe cells were digested with trypsin 
containing no EDTA and centrifuged at 1000 r/
min for 5 min. The cells were then harvested 
and washed twice with precooled PBS. After 
centrifugation, the cells were stained using an 
Annexin V-FITC/propidium Iodide Apoptosis 
Detection Kit (BD Biosciences, MA, USA) ac- 
cording to the manufacturer’s instructions. 
Briefly, 5 μL of Annexin V and 1 μL of PI were 
added and incubated at room temperature for 
about 15 min. Cell apoptosis was measured on 
a flow cytometer. All of the treatment groups 
were set up two holes and the experiment was 
repeated at least three times.

Cell cycle detection

The transfected MCF-7 cells were digested with 
trypsin according to a predetermined method. 
After washing with PBS twice, the cells were re-
suspended in 300 mL of precooled PBS, fol-
lowed by the addition of 700 ¼L of precooled 
ethanol and incubation overnight at -20°C.  
The cells were centrifuged and washed once 
with PBS. The supernatant was centrifuged  
and stained with PI/Rnase staining solution. 
The cells were re-suspended at room tempera-
ture for 15 min. The mixture was measured by 
flow cytometry. The data were analyzed using 
ModFit LT software.

Invasion assay

For the migration assay, 5×104 cells were sus-
pended in 1% serum medium, and the upper 
chamber of the transwell chamber (8 mm; BD, 
Biosciences, MA, USA) was added to a prede-
posited matrix gel. Complete medium contain-
ing 10% fetal bovine serum was added to the 
lower chamber. After 48 h of cell culture, the 
cells migrated to the other side of the mem-
brane and were stained with 0.1% crystal vio-
let. The cells were then stained with and exam-
ined by optical microscopy (Olympus, Japan) at 
100×. All the experiments were carried out 
three times.
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Wound healing assay

Cultured plates were seeded on the back of  
the line before the label, cell digestion after 
access to a 12-well plate, perpendicular to the 
orifice to create cell scratches. Absorb the cell 
culture medium, rinse the orifice plate three 
times with PBS, and wash away the scratches 
generated cell debris. Serum-free medium was 
then added, the culture plate into the incubator 
culture, every 4-6 h to take pictures. Analyze 
the experimental results based on the collect-
ed image data.

Tumor xenograft model in mice

A subcutaneous melanoma tumor model was 
established by a subcutaneous injection of 
1×107 MCF-7 cells. In total, 16 mice were 
required to establish a melanoma murine 
model for 4 weeks. The mice were sacrificed on 
the 26th day after the injection, and the weights 
of the tumors were measured.

Statistical analysis

The results are presented as the mean ± stan-
dard deviation (SD). Data were evaluated using 
a one-way ANOVA analysis of variance to deter-
mine differences between the groups, and P < 
0.05 was considered statistically significant.

Results 

miR-22 was significantly down-regulated in 
breast cancer

Analysis of the expression of miR-22 in 40 ma- 
tched breast tumor tissues and surrounding tis-
sues revealed that miR-22 expression was sig-

decreased significantly when MCF-7 cells were 
transfected with miR-22 inhibitors, and vice 
versa. Besides, up-regulation of miR-22 re- 
duced the expression of ACLY protein and 
down-regulation of miR-22 increased ACLY  
protein level (Figure 2B). As the luciferase 
reporter assay results shown, up-regulation of 
miR-22 reduced the fluorescence intensity of 
wild type ACLY 3’-UTR regions as compared 
with that of cells co-transfected with miR22 
mimics and mutant-type reporter vectors (Fi- 
gure 2C).

Effects of inhibition and overexpression of 
miR-22 on cell proliferation

The CCK-8 assay was used to detect the prolif-
eration of MCF-7 cells when the cells were 
transfected with miR-22 mimic and inhibitor. As 
shown in Figure 3, overexpression of miR-22 
inhibited the proliferation of MCF-7 cells, wh- 
ereas inhibition of miR-182 promoted the prolif-
eration of MCF-7 cells.

Effects of inhibition and overexpression of 
miR-22 on cell apoptosis and cell cycle

Cell cycle and apoptosis were detected by flow 
cytometry. As shown in Figure 4A, overexpres-
sion of miR-22 promoted MCF-7 cell apoptosis, 
whereas down-regulation of miR-22 repressed 
MCF-7 cell apoptosis. Moreover, overexpres-
sion of miR-22 in MCF-7 cells reduced the S 
phase of the cells, whereas down-regulation of 
miR-22 had the opposite effect (Figure 4B). 
These results showed that miR-22 inhibited cell 
growth and modulated cell cycle in breast 
cancer. 

Figure 1. The differentiated expression of miR-22 was detected by using of 
qPCR. A. The down-regulated expression was detected in the cancer tissues. 
B. The dysregulated expression was determined in the breast cancer cell 
lines (P < 0.05).

nificantly higher in breast ca- 
ncer tissues than that in adja-
cent tissues (Figure 1).

Inhibition and overexpression 
of miR-22 influenced ACLY 
expression

MCF-7 cells were up-regulated 
and down-regulated miR-22 
with transfection with miR-22 
mimics and inhibitors, resp- 
ectively. qPCR was used to 
detect the transfected effi-
ciencies of them. As shown in 
Figure 2A, miR-22 expression 
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Effects of inhibition and overexpression of 
miR-22 on cell invasion and migration

Transwell and wound healing assays were per-
formed to detect the invasion (Figure 5) and 

migration (Figure 6) of MCF-7 cells with inhibi-
tion and overexpression of miR-22. And results 
showed that overexpression of miR-22 weak-
ened the invasion and migration abilities of 
MCF-7 cells, whereas inhibition of miR-22 en- 
hanced the invasion and migration of MCF-7 
cells.

Effect of simultaneous overexpression of miR-
22 and ACLY on breast cancer progression

After MCF-7 cells were overexpressed miR-22 
and ACLY, qPCR and Western blotting were 
used to the transfected efficiency.  As shown  
in Figure 7A, 7B, the expression of miR-22 was 
increased, whereas ACLY expression was de- 
creased after miR-22 was overexpressed in 
MCF-7 cells. Compared with the control group, 
overexpression of miR-22 only inhibited cell 
proliferation, whereas overexpression of both 
miR-22 and ACLY promoted cell proliferation 
(Figure 7B), invasion (Figure 8), and migration 
(Figure 9). Besides, overexpression of miR-22 
only promoted cell apoptosis, whereas overex-

Figure 2. Detection of the effect of miR-22 on the expression and transcriptional activity of ACLY. A. The expression 
of miR-22 was detected by qPCR 24 h after MCF-7 cells were transfected with miR-22 mimics and inhibitors. B. 
Western blotting analysis of the protein level of ACLY after MCF-7 cells were transfected with miR-22 mimics and 
inhibitors for 48 h. C. A dual-luciferase reporter system was used to determine the effect of miR-22 on the transcrip-
tional activity of ACLY (P < 0.05).

Figure 3. Detection of the effect of miR-22 on cell 
proliferation. CCK-8 assay was used to detect MCF-
7 cell proliferation 24, 48, 72, 96 and 120 h after 
the cells were transfected with miR-22 mimics and 
inhibitors (P < 0.05).
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pression of both miR-22 and 
ACLY impaired this effect (Fi- 
gure 10A). Moreover, overex-
pression of miR-22 induced  
a reduced S phase of MCF-7 
cells, and this effect was ab- 
olished when overexpression 
of miR-22 and ACLY together 
(Figure 10B). Taken together, 
these results demonstrated 
that miR-22 inhibited the pro-
gression of breast cancer th- 
rough down-regulating ACLY 
expression.

Figure 4. Detection of the effects of miR-22 on cell apoptosis and the cell cycle. A, B. A flow cytometry assay was 
used to detect MCF-7 cell apoptosis and the cell cycle 48 h after the cells were transfected with miR-22 mimics and 
inhibitors (P < 0.05).

Figure 5. Detection of the effects of miR-22 on cell invasion. Transwell assay 
was used to detect MCF-7 cell invasion 48 h after the cells were transfected 
with miR-22 mimics and inhibitors (P < 0.05)
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Effects of overexpression of miR-22 and ACLY 
on cell tumorigenesis

MCF-7 cells transfected with miR-22 mimics 
and lentiv-ACLY were injected into nude mice. 

After 2 weeks, the mice were sacrificed, and 
the sizes of the tumors were measured. As 
shown in Figure 11, overexpression of miR-22 
inhibited cell tumor formation ability, whereas 
this effect was abolished when up-regulation of 

Figure 6. Detection of the effects of miR-22 on cell migration. Wound healing assay was used to detect MCF-7 cell 
migration 24 h after the cells were transfected with miR-22 mimics and inhibitors (P < 0.05).

Figure 7. The effect of miR-22/ACLY on MCF-7 cell proliferation, as detected by CCK-8. A. qPCR was used to detect 
the levels of ACLY and miR-22 in MCF-7 cells after the cells were transfected with mimics-NC + lentiv-NC, mimics + 
lentiv-NC, and mimics + lentiv-ACLY. B. Western blotting analysis of the protein level of ACLY in MCF-7 cells after the 
cells were transfected with mimics-NC + lentiv-NC, mimics + lentiv-NC, and mimics + lentiv-ACLY. C. CCK-8 analysis 
of the proliferation of MCF-7 cells after the cells were transfected with mimics-NC + lentiv-NC, mimics + lentiv-NC, 
and mimics + lentiv-ACLY (P < 0.05).

Figure 8. Detection of the effects of miR-22/ACLY on cell invasion. Transwell assay was used to evaluate the inva-
sion of MCF-7 cells after the cells were transfected with mimics-NC + lentiv-NC, mimics + lentiv-NC, and mimics + 
lentiv-ACLY (P < 0.05).
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miR-22 and ACLY together. This result illustrat-
ed that miR-22 repressed the carcinogenesis  
of breast cancer through down-regulating ACLY 
expression. 

Discussion 

In the vast majority of breast cancer patients, 
effective control of invasion and metastasis is 
vital to reduce mortality. In recent years, the 
mechanism underlying the role of miRNAs in 
invasion and metastasis in breast cancer has 

received widespread attention. The ontoge- 
nesis of breast cancer is a complex process 
involving multiple genes. Previous research de- 
monstrated that miRNAs had multiple gene 
regulatory functions and that they were involv- 
ed in the metastasis of many kinds of tumors, 
including breast cancer [14, 15]. For example, 
research demonstrated that miR-21, the first 
miRNA to be recognized in the human genome, 
was overexpressed in various human tumors 
[16-18], which also affected cell invasion and 
metastasis of breast cancer [19, 20] and was 

Figure 9. Detection of the effects of miR-22/ACLY on cell migration. Wound healing assay was used to evaluate the 
migration of MCF-7 cells after the cells were transfected with mimics-NC + lentiv-NC, mimics + lentiv-NC, and mim-
ics + lentiv-ACLY (P < 0.05).

Figure 10. Detection of the effects of miR-22/ACLY on cell apoptosis and the cell cycle. A, B. A flow cytometry assay 
was used to evaluate apoptosis and the cell cycle of MCF-7 cells after the cells were transfected with mimics-NC + 
lentiv-NC, mimics + lentiv-NC, and mimics + lentiv-ACLY (P < 0.05).
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associated with the prognosis of cancer pa- 
tients. And the present study demonstrated 
that miR-22 inhibited the proliferation, migra-
tion, invasion and tumorigenesis of breast can-
cer cells, suggesting that miR-22 served as a 
tumor suppressor in the progression of breast 
cancer. 

In response to tumor cell proliferation, the de- 
mand for energy and macromolecules marked-
ly increases [18]. Thus, changes in metabolic 
pathways are one of the most important fea-
tures of tumor cells [21]. Among the series of 
changes and abnormalities observed in meta-
bolic pathways, the synthesis of new fatty acids 
is considered crucial [22]. Most normal cells, 
even under high proliferative conditions, are 
more likely to use exogenous lipids, such as 
from the diet and other means. In addition to 
adipocytes, hepatocytes, and other small cells, 
in most normal cells, the new fatty acid syn- 
thesis pathway is inhibited. However, in tumor 
cells, inhibition of the fatty acid synthesis path-
way is not inhibited. Thus, large amounts of  
lipids are synthesized, triggering a series of 
synergistic effects, such as signal transduc- 
tion abnormalities, changes in gene expression 
profiles, and susceptibility to drug therapy. Pre- 
vious research demonstrated that ACLY played 
a key role in such processes [23]. It also showed 
that the PI3K/Akt signaling pathway played a 
key regulatory role in a variety of tumors and 
that ACLY activated the Akt signaling pathway 
to promote tumor progression [24].

Previous research demonstrated that ACLY, a 
cytoplasmic enzyme, catalyzed the conversion 
of citrate to acetyl-CoA, a key molecule of cell 
endogenous synthetic fatty acids and choles-
terol [23]. It also showed that the ACLY gene 

the present study showed that the effects of 
proliferation, migration, invasion and carcino-
genesis inhibition induced by miR-22 overex-
pression were all impaired when up-regulating 
ACLY, which indicated that miR-22 inhibited the 
occurrence and development of breast cancer 
through down-regulating ACLY expression and 
ACLY served as an oncogene in the progression 
of breast cancer.

ACLY is dependent on citrate as a substrate. 
Previous research showed that deletion of ACLY 
led to citrate accumulation in cytoplasm and 
mitochondria, followed by glycolysis and mito-
chondrial function abnormalities, in addition to 
Akt inactivation, resulting in weakening of the 
signal related to tumor proliferation [26]. Fur- 
thermore, research showed that ACLY affected 
the methylpenta-dihydroxy acid pathway and 
that inhibiting ACLY by down-regulating chol- 
esterol and isoprenoid blocked tumor prolife- 
ration [26]. In addition, studies demonstrated 
that ACLY played important roles in the epi-
genetics of tumors and that it catalyzed the 
conversion of citrate to acetyl-CoA, which par-
ticipated in the acetylation of histones [23, 27], 
suggesting that ACLY is an important regulator 
of the epigenetics of tumors. In addition, re- 
search showed that ACLY regulated a series of 
metabolic-related genes by affecting the ace- 
tylation of histones, such as glucose transport-
er 4, hexokinase 2,6-phosphofructokinase 1, 
human lactate dehydrogenase A [28]. There- 
fore, via genetic modification, ACLY might affect 
the expression of tumor-related genes and pro-
mote the progression of tumors. In this study, 
the expression level of ACLY largely affected 
the physiological state of tumor cells and 
played vital roles in the function of breast can-
cer cells. However, the underlying mechanism 

Figure 11. Detection of the effects of miR-22/ACLY on cell tumorigenesis. 
Tumor xenograft model was established in nude mice to evaluate the tu-
morigenesis of MCF-7 cells after the cells were transfected with mimics-NC 
+ lentiv-NC, mimics + lentiv-NC, and mimics + lentiv-ACLY (*P < 0.05).

played a key role in the control 
of various metabolic pathways 
in cells [25]. Furthermore, res- 
earch showed that acetyl-CoA 
participated in the modifica-
tion (acetylation) of proteins, 
such as histones. A recent 
study revealed that ACLY was 
highly expressed in a variety 
of tumors and inhibition of its 
activity induced tumor cell pr- 
oliferation arrest [23], sug-
gesting that ACLY might exert 
as an oncogene in the pro-
gression of cancers. Similarly, 
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of ACLY in the oncogenesis of breast cancer 
remains largely unclear. Therefore, we will ex- 
plore the mechanism of ACLY, such as its 
effects on citrate and metabolic-related genes 
expression, in breast cancer in our next study.

Previous results based on differential gene 
analysis showed that the expression level of 
miR-22 in breast cancer was low, but its under-
lying mechanism remains unclear. The present 
study, for the first time, demonstrated that  
miR-22 inhibited the growth and metastasis of 
MCF-7 cells by down-regulating the activity of 
the proto-oncogene ACLY in the 3’-UTR region. 
This study elucidated the roles of miR-22 in  
the regulation of breast cancer differentiation 
and migration and its underlying mechanism. 
These findings provide an important basis for 
early prevention and targeted therapy of breast 
cancer.
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