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Abstract. Marine fungal metabolite 1386A is a newly identi-
fied small molecular compound extracted from the mangrove 
fungus 1386A in the South China Sea. Preliminary experi-
ments have demonstrated its amazing cytotoxity to cancer cells, 
while the mechanism remains poorly understood. microRNAs 
(miRNAs) are a newly identified class of small regulatory 
RNAs which play an important role in gene regulation at the 
post-transcriptional level. They usually function as oncogenes 
or tumor suppressors and are related to drug sensitivity and 
resistance. We aimed to test the hypothesis that the potential 
antineoplastic compound, 1386A, alters the miRNA profile  in 
MCF-7 and whether its unknown mechanism may be predicted 
by analysis of the altered miRNA profile. Cell proliferation was 
analyzed by MTT assay. The alteration of the miRNA expres-
sion profile of MCF-7 cells was investigated using advanced 
microarray technology. Silico analysis using TargetScan was 
used to predict the putative targeted transcripts encoding the 
dysregulated miRNAs. 1386A inhibited MCF-7 cell prolifera-
tion in a time- and dose-dependent manner (the IC50 value at 
48 h was 17.1 µmol/l). 1386A (17.1 µmol/l) significantly altered 
the global miRNA expression profile of the MCF-7 cells at 
48 h. Forty-five miRNAs were differentially expressed in 
MCF-7 cells. Target prediction suggested that these miRNAs 
potentially target many oncogenes and tumor-suppressor 
genes associated with cancer development, progression and 
metastasis. The promising antineoplastic compound marine 
fungal metabolite 1386A alters the miRNA profiles of MCF-7 

breast cancer cells. Analyzing the alteration of the miRNA 
profile caused by this potential antineoplastic compound may 
help to predict the unknown mechanism of 1386A.

Introduction

The mangrove is a characteristic plant of tropical and subtrop-
ical zones, which lives in soils in sea coasts and river mouth 
regions. The physiological and ecological uniqueness of the 
mangrove forest makes it an outstanding habitat for marine 
microorganism. Natural products of these marine microorgan-
isms are becoming a new source of potential antineoplastic 
drugs (1-4). 1386A is a newly discovered natural compound, 
extracted from mangrove fungus which has a symbiotic rela-
tionship with the mangrove forest. Preliminary studies have 
shown that 1386A owns potential antineoplastic properties, 
which were tested in detail in the present study. microRNA 
(miRNA) microarray expression analysis was employed to 
investigate the unknown mechanism of 1386A, predicting the 
putative effect targets and signaling pathway.

miRNAs have recently been the central interest of human 
molecular oncology, owning to their unique stimulatory and 
inhibitory actions in breast cancer. They are a group of small 
(20-22 nt) endogenous non-protein-coding RNA molecules 
that negatively regulate gene expression (5,6), through binding 
to the 3'-untranslated region (3'-UTR) of target mRNAs 
leading to mRNA cleavage or translation inhibition (7,8). It has 
been predicted that miRNAs target more than 30% of protein-
coding genes (9). This was confirmed by studies proving 
the significance of miRNAs in various biological processes, 
including stem cell maintenance and differentiation, disease, 
cell proliferation and apoptosis (10-14). Most miRNA targets 
are localized in cancer-associated genomic regions or in fragile 
sites (15), where oncogenes and tumor-suppressor genes, 
which play critical roles in tumorigenesis (16,17) and metas-
tasis (18), are located. Aberrant miRNA expression levels have 
been reported in almost all human cancers (17,19-22). Some of 
them display a unique expression profile in specific types of 
cancers (21), suggesting their potential use as novel biomarkers 
for cancer diagnosis (23) and as alternative cancer treatment 
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targets. In respect to breast cancer, miR-21 was found to be 
up-regulated, whereas miR-125b and miR-145 were down-
regulated in MCF-7 cells (20). Regarding MDA-MB-231 
cells, miR-21, miR-9 and miR-10b were up-regulated, while 
miR-145 was down-regulated (20,24). Thus, miRNAs were 
confirmed to modulate breast cancer initiation, invasion and 
metastasis (24-26).

At present, several studies have suggested the importance of 
miRNAs in modulating the chemosensitivity and chemoresis-
tance of tumor cells (27-29). Si et al reported that suppression of 
miR-21 sensitized MCF-7 cells to topotecan (30) and enhanced 
chemosensitivity of leukemic HL60 cells to arabinosylcy-
tosine (31). Similar studies exist for the drugs gemcitabine, 
doxorubicin and tamoxifen (32-34). Furthermore, miR-15b 
and miR-16, have been proved to modulate multi-drug resis-
tance (35). The importance of miRNAs in drug sensitivity and 
resistance is illustrated in the above studies, and the intrinsic 
role of miRNAs in managing the efficiency of chemotherapy 
in certain human cancers has been revealed (37).

Regarding the critical function of miRNAs as oncogenes 
or tumor suppressors and their correlation to drug sensitivity 
and resistance, it is reasonable to hypothesize that the proper-
ties of antineoplastic drugs may be related to its alteration of 
miRNA profiles. Furthermore, extensive research offers the 
hope of targeting miRNAs as alternative cancer treatments. 
For instance, it has been demonstrated that the modulation 
of specific miRNA alterations in cancer cells using miRNA 
replacement or anti-miRNA technologies restore miRNA 
activities, repair the gene regulatory network, signalize path-
ways and reverse the phenotype of cancerous cells. 5-FU was 
reported to be able to modify the expression of several miRNAs 
in colon cancer cells (36), and its cytotoxicity to breast cancer 
may be partially elicited by regulation of miRNA expression 
levels (37). Consequently, the direct or indirect interference of 
miRNAs with certain small molecules may be of great phar-
maceutical value in the future, and miRNA profile analysis 
alone may be applied to predict the unknown mechanism of 
activation of newly identified compounds. However, relevant 
studies are seldom reported. 

Recently, a natural small molecular compound, 1386A, 
was newly identified. It is hypothesized that 1386A modifies 
the expression profiles of miRNAs in MCF-7 cells and that, by 
analyzing the alteration of the miRNA expression pattern, the 
mechanism of activation of 1386A may be roughly predicted. 
In the present study, the global analysis of miRNAs was 
introduced to predict the mechanism of the putative function 
of 1386A for the first time. MTT assay was applied to investi-
gate the detailed cytotoxicity of 1386A to MCF-7. Microarray 
technology was employed to investigate the effect of 1386A 
exposure on the global expression profile of miRNAs in 
MCF-7 cells, and alteration of the global miRNA profiles was 
analyzed to predict the mechanism of the putative effect of 
1386A.

Materials and methods

Reagents. 1386A, presented by the School of Chemistry and 
Chemical Engineering, Sun Yat-sen University, as a gift, was 
stored at 4˚C in PBS for less than 2 weeks and kept away 
from light and moisture. DMEM medium was from Gibco 

(Rockville, MD, USA). Fetal bovine serum (FBS) was from 
Sijiqing Biological Engineering Materials (Zhejiang, China). 
Other reagents were from Sigma (St. Louis, MO, USA).

Cell line and cell culture. The MCF-7 human breast adenocar-
cinoma cell line, purchased from the Cell Repository of Sun 
Yat-sen University, was maintained at 37˚C in a humidified 
incubator with 5% CO2, cultured in high-glucose DMEM 
medium (Gibco) containing L-glutamine and 25 mM HEPES, 
and supplemented with 10% FBS, penicillin (100 U/ml) and 
streptomycin (100 µg/ml). Cells in the mid-log phase were 
used for the experiments.

Cell viability assay. MCF-7 cells were seeded onto 96-well 
microplates (1x104 cells/well) and cultured for 12 h. Then, 
the cells were treated with complete media or 1386A at final 
concentrations of 5, 10, 15, 20 and 25 µmol/l, respectively. 
Cell viability was assessed using an MTT assay at 24, 48, 72 
and 96 h after 1386A treatment. The absorbance value (A) at 
570 nm was read using an automatic multi-well spectropho-
tometer (Sunrise, Beijing, China). The fifty percent inhibition 
concentration (IC50) and their 95% confidence limits were 
calculated and compared by weighted probit analysis (Bliss 
and Finney). All data were analyzed using SPSS16.0. The 
p-values of the t-test were also calculated. P-values <0.01 
were considered to denote significant differences. Each tested 
concentration and the controls were repeated 24 times.

miRNA isolation. Cells were seeded in 6 flat-bottom culture 
tubes in 10 ml of complete medium. After 12 h, the media were 
replaced by complete media (control group) or 1386A at a final 
concentration of 17.1 µmol/l (treatment group), and cells were 
re-incubated for 48 h. Total RNA was extracted by the TRIzol 
method (Invitrogen, USA) according to the manufacturer's 
instructions. RNA quantity and quality were analyzed using 
a NanoDrop Spectrophotometer (NanoDrop Technologies, 
Wilmington, DE, USA) and immediately stored at -80˚C.

miRNA mircoarray expression analysis. The assay was 
performed on ~5 µg of total RNA sample. The total RNA 
was size-fractionated using a YM-100 Microcon centrifugal 
filter (Millipore, Billerica, MA, USA) and RNA sequences of 
<30 nt were isolated. These small RNAs were then extended 
at the 3'-end with a poly(A) tail using poly(A) polymerase, 
followed by ligation of an oligonucleotide tag to the poly(A) 
tail for fluorescence staining. Two different tags (Cy3 and 
Cy5) were used for the two different RNA samples (control 
and 1386A-treated RNA samples). The two RNA samples 
were then hybridized overnight on a µParaflo™ microfluidic 
chip using a microcirculation pump (Atactic Technologies Inc., 
Houston, TX, USA) (38). Each microfluidic chip contained 
detection probes, positive control probes and negative control 
probes. The detection probes were made in situ by photogen-
erated reagent (PGR) chemistry. These probes consisted of 
chemically modified nucleotide coding sequences comple-
mentary to the target miRNAs (all 837 human miRNAs listed 
in the Sanger's miRNA miRBase, release 11.0 http://microrna.
sanger.ac.uk/sequences/) and a spacer segment of polyethylene 
glycol to extend the coding sequence away from the substrate. 
A total number of 50 positive and negative control probes 
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were included to ensure uniformity of the assay conditions and 
sample labeling. Chemical modifications of the probes were 
carried out to balance the melting temperatures of hybridiza-
tion. RNA Hybridization was performed using 100 µl of 6X 
SSPE buffer (0.9 M NaCl, 6 mM EDTA, 60 mM Na2HPO4, 
pH 6.8) containing 25% formamide at 34˚C. After hybridiza-
tion, control and 1386A-treated cells were dye-stained using 
tag-conjugating dyes Cy3 and Cy5, respectively. A laser 
scanner (GenePix 4000B, Molecular Devices) was used to 
collect the fluorescent images, which were then digitized using 
Array-Pro image analysis software (Media Cybernetics).

Statistical analysis of miRNA microarray data. The micro-
array data were analyzed by subtracting the background, and 
the signals were normalized using a locally weighted regression 
(LOWESS) filter as another report (39). Detectable miRNAs 
were selected based on the following criteria: signal intensity 
higher than 3 times (background standard deviation); spot CV 
<0.5 (where CV = standard deviation/signal intensity); and 
signals from at least two out of the four replicates are above the 
detection level. To identify miRNAs whose expression differed 
between control and 1386A-treated MCF-7 cells, statistical 
analysis was performed. The ratio of the two sets of detected 
signals (control and treated) was calculated and expressed in 
log2 scale (balanced) for each miRNA. The miRNAs were 
then sorted according to their differential ratios. The p-values 
of the t-test were also calculated. miRNAs with p-values <0.01 
and log2 ratio >0.5 were considered to be significantly differ-
entially expressed. Each miRNA was analyzed four times, and 
the controls were repeated four to sixteen times.

Results

Effect of 1386A on the MCF-7 human breast cancer cell 
line. 1386A significantly reduced the viability of MCF-7 cells 
beginning at 48 h in both time- and concentration-dependent 
manners (Figs. 1 and 2). At 96 h, the inhibitory effect reached 
a maximum, with inhibition rates of 60, 73 and 85% at 
concentrations of 15, 20 and 25 µmol/l, respectively. The IC50 
value and their 95% confidence limits of 1386A at 24, 48, 72 
and 96 h were 24.0 (21.8-26.2), 17.1 (15.6-18.4), 16.9 (14.4-
17.5) and 14.9 (14.4-15.3) µmol/l, respectively. The growth 
of MCF-7 cells was completely inhibited without significant 
alteration, when MCF-7 cells were treated for 48 h with 15 or 
20 µmol/l 1386A (Fig. 1). This result indicates the promising 
cytotoxity of 1386A to MCF-7 cells, as well as its potential 
antineoplastic properties. This treatment time (48 h) and dose 
(IC50=17.1 µmol/l) were proposed to be appropriate for the 
study of the relationship between the effect of 1386A on the 
global expression levels of miRNAs in MCF-7 cells and its 
potential antineoplastic mechanism.

Alteration of the miRNA expression profile in MCF-7 cells 
after 1386A treatment. 1386A treatment significantly altered 
the miRNA expression profile in MCF-7 cells. miRNA micro-
array analysis identified 45 miRNAs which showed significant 
dysregulation between the 1386A-treated and control samples 
(Table I). The control cells expressed 211 miRNAs, while 
the treated cells expressed 394 miRNAs, which shows that 
1386A exposure resulted in a higher number of expressed 

miRNAs and significant alteration of the expression levels of 
those miRNAs, as compared to the control cells. Statistical 
analysis of the differentially expressed miRNAs showed that 
45  miRNAs were significantly dysregulated with >1-fold 
change (P<0.01), while the remaining miRNAs were not 
significantly differentially expressed (Fig. 3). The changes 
in miRNA levels were generally limited, with several excep-
tions, such as 12.30- and 8.88-fold up-regulation of miR-663 
and miR-654-5p, respectively. This suggests that the effects 
of 1386A on miRNA populations were not global, but rather 
miRNA-specific. Among the 45  miRNAs, 21 (47%) were 
up-regulated, while 23 (53%) were down-regulated (Table I, 
Fig. 3). Fold-change comparisons of the significantly altered 
miRNAs are shown in Fig. 3. miRNAs showing at least a 

Figure 1. Growth curve of MCF-7 cells after treatment with different concen-
trations of 1386A. The inhibitory effect of 1386A on MCF-7 was increased 
along with increasing concentrations at all time points. 1386A inhibited 
the growth of MCF-7 cells in a dose-dependent manner. When treated with 
1386A at 15 µmol/l for 48 h, a significant inhibitory effect was achieved. 
bP<0.01, all tested groups vs. the control group; cP<0.01, single tested group 
vs. the control group.

Figure 2. Inhibition ratio of 1386A at different treatment times. Time-
dependent inhibition of 1386A in MCF-7 cells at different time points.  
bP<0.01, 48-h group vs. the 72-h group; cP<0.01, 72-h group vs. the 96-h 
group.
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Table I. Comparison of miRNA expression profile between the control and 1386A-treated groups.

No.	 Probe_ID	 Sample A signal	 Sample B signal	 Fold change	 log2 (Sample B/
					     Sample A)

  1	 hsa-miR-663	 76.62	 972.73	 12.70	  3.62
  2	 hsa-miR-654-5p	 11.92	 101.91	   8.55	  3.15
  3	 hsa-miR-150	 113.92	 19.49	 -5.85	 -2.51
  4	 hsa-miR-638	 565.28	 1,096.56	  1.94	  0.95
  5	 hsa-miR-125b	 972.33	 567.44	 -1.71	 -0.80
  6	 hsa-miR-7	 2,524.08	 4,203.02	  1.67	  0.75
  7	 hsa-miR-181b	 1,153.23	 1,917.19	  1.66	  0.72
  8	 hsa-miR-1308	 4,223.49	 2,694.55	 -1.57	 -0.69
  9	 hsa-miR-93	 2,749.05	 1,742.77	 -1.58	 -0.65
10	 hsa-miR-320c	 3,210.61	 2,047.36	 -1.57	 -0.61
11	 hsa-miR-1246	 3,884.86	 6,004.81	 -0.65	  0.61
12	 hsa-miR-320d	 2,237.00	 1,437.28	 -1.56	 -0.61
13	 hsa-miR-320a	 3,255.32	 2,125.71	 -1.53	 -0.59
14	 hsa-miR-182	 3,981.53	 2,737.23	 -1.45	 -0.58
15	 hsa-miR-720	 1,908.47	 1,284.32	 -1.49	 -0.54
16	 hsa-miR-320b	 2,396.55	 1,618.55	 -1.48	 -0.53
17	 hsa-miR-21	 33,950.19	 50,183.62	  1.48	  0.53
18	 hsa-miR-181a	 1,358.49	 1,930.09	  1.42	  0.51
19	 hsa-miR-375	 1,868.18	 1,328.26	 -1.41	 -0.49
20	 hsa-miR-374a	 923.77	 1,256.41	  1.36	  0.49
21	 hsa-miR-27b	 778.22	 1,078.14	  1.39	  0.47
22	 hsa-miR-1826	 17,532.46	 24,094.87	  1.37	  0.47
23	 hsa-miR-99b	 3,479.93	 2,518.45	 -1.38	 -0.46
24	 hsa-miR-29a	 844.97	 1,133.00	  1.34	  0.42
25	 hsa-miR-374b	 5,524.36	 7,323.83	  1.33	  0.41
26	 hsa-miR-1280	 4,663.46	 3,588.92	 -1.30	 -0.40
27	 hsa-miR-107	 1,934.80	 1,482.60	  1.31	 -0.38
28	 hsa-miR-20a	 1,288.00	 1,676.14	  1.30	  0.38
29	 hsa-miR-1275	 1,555.18	 2,023.58	  1.30	  0.38
30	 hsa-miR-103	 2,120.26	 1,665.17	 -1.27	 -0.35
31	 hsa-miR-421	 2,081.50	 2,608.72	  1.25	  0.33
32	 hsa-let-7b	 5,514.45	 4,401.86	 -1.25	 -0.32
33	 hsa-let-7i	 6,675.41	 8,180.09	  1.23	  0.31
34	 hsa-miR-203	 10,002.78	 11,908.19	  1.19	  0.30
35	 hsa-let-7e	 9,232.76	 7,550.89	 -1.22	 -0.29
36	 hsa-let-7c	 9,217.14	 7,739.46	 -1.19	 -0.27
37	 hsa-miR-15b	 9,114.19	 7,564.19	 -1.20	 -0.27
38	 hsa-let-7g	 5,221.45	 6,217.52	  1.19	  0.25
39	 hsa-miR-16	 6,882.33	 5,591.25	 -1.23	 -0.24
40	 hsa-miR-200c	 15,029.22	 17,794.92	  1.18	  0.23
41	 hsa-miR-125a-5p	 7,915.68	 6,998.82	 -1.13	 -0.18
42	 hsa-miR-26a	 8,206.30	 9,134.90	  1.11	  0.15
43	 hsa-miR-25	 8,593.85	 7,761.37	 -1.11	 -0.15
44	 hsa-let-7d	 13,100.11	 11,977.16	 -1.09	 -0.13
45	 hsa-let-7a	 18,105.40	 16,871.88	 -1.07	 -0.12

Sample A, MCF-7 cells; Sample B, 1386A-treated MCF-7 cells.
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1.5-fold difference (i.e., log2-fold change >0.56) or absolute 
change of least 1,000 in their expression levels between control 
and treated groups were considered as significant changes 
warranting further study. Of the up-regulated miRNAs, six 
showed a >1.5-fold increase: miR-663 (12.3-fold), miR-654-5p, 
miR-638, miR-7, miR-181b and miR-1246; four changed 

>1,000: miR-21, miR-1826, miR-203 and miR-200c. Of the 
down-regulated miRNAs, eight showed a >1.5-fold decrease: 
miR-150 (5.7-fold), miR-125, miR-1308, miR-93, miR-182 and 
the miR-320 family, and several changed >1,000: miR-25 and 
miR-let7 family. Among them, for miR-150 and miR-654-5p, 
the signal intensities in both the control and treated cells were 
<1,000 (not high enough to be considered as being differen-
tially expressed) and were excluded.

Prediction of putative target genes of differentially expressed 
miRNAs. In order to determine the biological function of the 
differentially expressed miRNAs, we further predicted the 
putative downstream targets of the 1386A-regulated miRNAs. 
It was found that the majority of miRNA genes dysregulated 
by 1386A appeared to be associated with cancer development, 
progression and metastasis. Silico analysis using TargetScan 
(http://www.targetscan.org/) showed that several dysregulated 
miRNAs potentially targeted transcripts encoding known 
tumor-suppressor factors, such as components of BCL2, 
PDCD4 and PTEN, as well as several effectors and regulators 
of the TGFβ signaling pathway (Table II). These predicted 
targets can be experimentally validated with further studies 
if necessary. Most of the miRNAs potentially targeting the 
above targets were deregulated by 1386A (Table I). Altogether, 
these results indicate that some of the antineoplastic properties 
of 1386A may arise from its effects on the levels of miRNAs 
targeting transcripts encoding key regulators of cell homeo-
stasis, and the putative mechanism of activation of 1386A 
may be roughly predicted by analyzing alteration of miRNA 
profiles (Fig. 4).

Discussion

Cell viability assay indicated that the growth inhibition of 
MCF-7 by 1386A showed a time- and dose-dependent effect, 

Figure 3. Comparison of the signal distribution between the control and 
1386A-treated MCF-7 cells. The signal intensities of miRNAs expressed in 
control MCF-7 cells and 1383A-treated MCF-7 cells were compared, and 
their distribution according to P-value was observed. miRNAs with P<0.01 
were labeled red, while miRNAs with P>0.01 were labeled blue. Among the 
significantly altered miRNAs, miR-663, miR-21, miR-7, miR-638 and miR-
125 were identified particularly for their fold-change or high expression level. 
Sample A, MCF-7 cells; sample B, 1386A-treated MCF-7 cells.

Figure 4. A proposed model showing the functional mechanism of marine fungal metabolite 1386A on MCF-7 cells through regulaton of miRNAs. miRNAs 
may play an intricate role in 1386A-induced cytotoxicity in breast cancer. Although tumor suppressor miRNAs (let-7a and miR-15/16) were down-regulated 
and oncogenic miRNAs (miR-21 and miR-27a) were up-regulated, the growth of MCF-7 cells was inhibited. Their function may be counteracted by up-
regulated miR-7 and miR-663, which target EGFR and TGFβ1, respectively. Dysregulated miRNAs with no previous functional implications may target 
important genetic alterations and assist in exerting cytotoxicity of 1386A to MFC-7 cells, and thus require further study. It is worthwhile to mention that TGFβ1 
was targeted by miR-663 alone, as well as miR-7 and EGFR.
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proving its promising properties as an antineoplastic agent. 
However, this trend was not so obvious, particularly at a 
low concentration (<10 µmol/l) (Fig. 2). The inhibition ratio 
unexpectedly decreased with incubation time which may be 
explained by the reason that, at a low concentration, 1386A did 
not inhibit the exponential growth phase effectively (0-48 h). 
Notably, after treatment with 1386A (15 µmol/l) for 48 h, 
MCF-7 cell growth was almost suspended. This means that 
tumor cells after treatment with 1386A at 15 µmol/l for 48 h 
reached a proliferation and death balance status. Therefore, 
without obvious cell death and apoptosis, alterations in miRNA 
expression levels may be a direct change induced by 1386A. 
IC50 value at 48 h was selected to investigate the effect of 1386A 
on the global expression levels of miRNAs in MCF-7 cells.

miRNAs are an important class of gene regulators which 
have the potential to function as a diagnostic and prognostic 
tool for a variety of human cancers (19,23,40,41). They consti-
tute a novel target system for cancer treatment, because miRNA 
may regulate the expression of several hundred target genes, 
including important tumor related genes (37). Identifying 
miRNAs that may play a principal role in cancer therapy has 
become a focus of research. In terms of their critical roles 
in cancer progression and therapy, it is quite possible that 
antineoplastic agents may alter the miRNA profiles of tumor 
cells, as well as inhibit cell proliferation. Thus, the study of 
the effects of a new compound on the expression profile of 
miRNAs is important for the research on its unknown mecha-
nism of activation in cancer therapy. In the present study, 
numerous key miRNAs were shown to be regulated by 1386A 
treatment. Several of these miRNAs are well characterized 
and have been previously implicated in different cancer types 
(Table I). Of the 45 miRNAs differentially expressed, most 
of them were linked to human cancers. A detailed analysis 
of the confirmed and putative gene targets of these miRNAs 
will shed light on the potential implications of 1386A treat-
ment. Our study explores the possibility of global analysis of 
miRNAs as a new way to explore the functional mechanism of 
potential antimetabolites.

It has been widely reported that miRNAs play an impor-
tant role in breast cancer. The expression of several miRNAs 
was found to be dysregulated in cancer cells when compared 
to normal cells. Our study identified many miRNAs that were 
commonly dysregulated in breast cancer. Notably, after treat-
ment with 1386A at IC50, MCF-7 cells did not show a global 
reversal in the expression pattern of miRNAs, which was in 
agreement with a similar study (36), but not with another (37). 
We identified several tumor-suppressor miRNAs which were 
down-regulated following 1386A treatment, including miR-15, 
miR-16 and the miR-let-7 family, which potentially function 
by targeting oncogenes or suppressor genes involved in cell 
cycle and apoptosis. It was reported that miR-15/16 suppresses 
tumorigenicity, inhibits proliferation (42,43) and causes cell 
cycle arrest (44), and also modulates multidrug resistance by 
targeting the bcl2 gene (35). Additionally, miRNA let-7a has 
been found to be a tumor-suppressor miRNA by targeting the 
oncogenes high mobility group AT-hook 2 (HMGA2), KRAS 
and Myc (45-47). Reduced expression of Let-7 miRNAs is 
associated with shortened post-operative survival (45,48,49). 
However, the function of these down-regulated miRNAs are 
not in accordance with the arrested cell growth of MCF-7 cells 

which was noted by the MTT assay. Our study also showed 
the up-regulation of several important oncogenic miRNAs, 
such as miR-21 and miR-27a. It was reported that miR-27a 
is an oncogene targeting specificity protein transcription 
factors and the G2/M checkpoint in breast cancer cells (50). 
miR-21 should be considered particularly noteworthy for its 
high expression level and significant alteration. As the most 
common up-regulated miRNA in solid tumors, miR-21 func-
tions as a tumor oncogene and regulates tumorigenesis through 
targeting phosphatase and tensin homolog (PTEN) (51), tropo-
myosin-1 (TPM-1) (52) and programmed cell death protein 4 
(PDCD4) (53-55). The up-regulation of these miRNAs after 
1386A treatment was in contrast with the inhibition of MCF-7 
cell growth (Fig. 4).

The above controversial phenomenon may be explained by 
the following putative reasons with relevant literature review. 
Firstly, it is possible that the MCF-7 cell resistant to 1386A 
may arise from a new mechanism in order to resist this cyto-
toxicity. However, the possibility is very small, since the time 
is too short for the occurrence of drug-resistance. Secondly, 
most of those critical putative mRNA targets are not regulated 
by only one miRNA (Table I). Even when the effect of several 
miRNAs mentioned above has been determined, the final acti-
vation and expression of the target mRNA cannot be simply 
predicted, as other miRNAs which target the same mRNA 
may attenuate or even reverse the function of a single miRNA. 
Finally, there are many undetermined factors in cell signaling 
pathways. miRNAs have mutual effects with other genes or 
proteins through the signaling pathway network. Another 
pathway may exist which has not been found and its effect 
may be more powerful than miRNA-21 (Figs. 3 and 4), which 
may explain why the expression of miR-21 increases and the 
inconsistency between its function of promoting tumor growth 
and inhibiting the growth of MCF-7 cells after treatment with 
1386A.

Fortunately, there are several mRNAs which are targeted 
by only one significantly altered miRNA and whose final effect 
may be unquestionable (Table I). Among them, miR-663, 
miR-7, miR-93 and miR-25 require further discussion. Taking 
the fold-change into consideration, special attention should 
be paid to miR-663 (Fig. 3, Table I). Bioinformatic predic-
tions suggest that the human TGFβ1 mRNA 3'-untranslated 
region contains five miR-663 target sites. It is reported that 
miR-663 targets TGFβ1 transcripts (56), which are associ-
ated with invasion and metastasis of gastric cancer through 
the activation of the TGFβR1-ALK5/SMAD3 pathway (57), 
functioning as a tumor-suppressor miRNA that induces 
mitotic catastrophic growth arrest in human gastric cancer 
cells (56). The up-regulated miR-663 as a result of treatment 
with 1386A may decrease the expression level of TGFβ1 and 
inhibit the TGFβR1-ALK5/SMAD3 pathway. The mechanism 
of cytotoxicity of 1386A on MCF-7 cells may be similar to 
that of resveratrol on SW480 cells (58). Regarding miR-7, the 
human EGFR mRNA 3'-untranslated region contains three 
miR-7 target sites. In our study, we found that only miR-7 acts 
on the EGFR. It has been reported that miR-7 is a potential 
tumor suppressor in glioblastoma targeting critical cancer 
pathways, which potently down-regulates EGFR mRNA and 
protein expression, and inhibits the Akt pathway via targeting 
upstream regulators inducing cell cycle arrest and cell death 
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(59). Similar results have been found in other cell lines (lung 
and breast). Furthermore, miR-7 also attenuates activation 
of protein kinase B (Akt) and extracellular signal-regulated 
kinase 1/2, coordinately regulating EGFR signaling (60). 
The up-regulated miR-7 after 1386A treatment may inhibit 
the expression of EGFR and shut down the EGFR signal 
pathway related to the inhibited proliferation of the MCF-7 
cells. Petrocca et al found the miR-106b-miR-93-miR-25 
cluster which is activated by E2F1 and up-regulated in human 
adenocarcinomas, alters the response of gastric cancer cells to 
TGFβ, affecting both cell cycle arrest and apoptosis (61). What 
is more, miR-93 promotes tumor growth and angiogenesis by 
targeting the integrin-β8 oncogene (62). Another study showed 
that higher expression of miR-93 was significantly correlated 
with a poor prognosis in serous ovarian carcinoma (63). The 
down-regulaion of miR-25 and miR-93 after 1386A treatment 
explains the inhibited proliferation of MCF-7 cells.

miR-663, miR-7, miR-93 and miR-25 have been impli-
cated in the inhibition of cell proliferation, development and 
metastasis through TGFβ and EGFR signaling pathway. 
Up-regulation of these miRNAs and their putative func-
tion were in accordance with the inhibitory effect of 1386A, 
while the dysregulation of other miRNAs (miR-21/27a and 
miR-15/16/let-7) was not, reasonably arousing the predication 
that 1386A may inhibit the growth of MCF-7 cells through 
the TGFβ1 and EGFR signaling pathways. However, other 
studies have shown that 5-FU inhibits the growth of MCF-7 
cells through miR-21-related miRNA and their signaling 
pathway (37). In our study, 1386A was able to exert its anti-
cancer biological activity under the condition of up-regulating 
miR-21 expression (Fig. 4). Therefore, we primarily predict 
that the combination of 5-FU and 1386A may show stronger 
inhibition of MCF-7 cell growth. Although the absolute levels 
of miRNAs dysregulated by 1386A as well as their activities 
on target transcripts in MCF-7 cells have not be ascertained, 
the above results suggested that 1386A treatment may alter the 
levels of the transcripts encoded by those significantly altered 
miRNAs (Table I). Similar relationships were identified in 
another study (58).

The dysregulation of the global miRNA expression 
profiles, including important cancer-associated miRNAs after 
1386A treatment, indicates an important role of miRNAs in 
chemotherapy and the existence of potential specific miRNA 
targets for 1386A. However, the mechanism of how 1386A 
alters miRNA expression remains poorly understood. The 
observation that an antineoplastic agent is able to regulate 
the expression of certain miRNAs, may indicate its potential 
DNA-synthesis-inhibiting mechanism. Theoretically, it is 
possible that 1386A may get incorporated into the miRNA 
gene transcript, causing dysregulation of miRNAs and altering 
their primary function, while the dysregulation of miRNAs 
may be just an indirect alteration, for instance, caused by 
targeting up-stream signal pathway of miRNAs.

In summary, the newly identified compound 1386A shows 
promising antineoplastic potential and warrants further study 
for its excellent time- and dose-dependent inhibition of MCF-7 
cell growth. The modification of the miRNA expression profile 
caused by 1386A in MCF-7 cells was also identified. The 
pharmacodynamic mechanism could be attributed in part to 
its direct influence on several miRNAs (miR-663 and miR-7), 

of which the effect may be more powerful than other miRNAs 
(miR-21 and let-7 families). We are initiating further studies 
to verify certain predictions of the present study and confirm 
whether 1386A exerts its antineoplastic potential through the 
up-regulation of tumor-suppressor miRNAs miR-663 and miR-7 
which are related to the TGFβ1 and EGFR signaling pathways.
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