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Abstract 

Low-dose metronomic (LDM) paclitaxel therapy displayed a stronger anti-angiogenic activity on 
breast tumors with fewer side effects. Upregulation of anti-angiogenic factor Thrombospondin-1 
(TSP-1) accords for therapeutic potency of LDM paclitaxel, but its molecular mechanism has not 
been elucidated yet. microRNAs (miRNAs) have emerged as new important regulators of tumor 
growth and metastasis. Here, we hypothesize that miRNAs are involved in TSP-1 overexpression 
in paclitaxel LDM therapy of breast tumors. The miRNA profile of tumor tissues from control, 
LDM and MTD groups in 4T1 mouse breast cancer model was detected by microarray, and then 
verified by quantitative real-time PCR (qRT-PCR). Luciferase assay and western blot were em-
ployed to explore the mechanisms of miRNAs involved in this process. We found that let-7f, 
let-7a, miR-19b and miR-340-5p were reduced by >2 fold, and miR-543* and miR-684 were up-
regulated by at least 50% in paclitaxel LDM therapy. qRT-PCR verification revealed that let-7f level 
was reduced most significantly in LDM therapy. Computational prediction using TargetScan and 
miRanda suggested THBS1 which encodes TSP-1 as a potential target for let-7f. Luciferase activity 
assay further confirmed that let-7f may bind to 3’UTR of THBS1 gene and inhibit its activity. 
Moreover, forced expression of let-7f led to a decrease of TSP-1 at both mRNA and protein levels 
in MCF-7 cells. Contrastly, let-7f inhibition induced an increased expression of THBS1 mRNA and 
TSP-1 protein, but did not affect the proliferation and apoptosis of MCF-7 cells. Paclitaxel LDM 
therapy led to a decrease of let-7f and the elevation of TSP-1 protein expression in MCF-7 cells, 
while overexpression of let-7f may abolish LDM-induced the upregulation of TSP-1 in MCF-7 cells. 
In summary, let-7f inhibition contributed to the upregulation of TSP-1 in paclitaxel LDM therapy, 
independently of proliferation, cell cycle arrest and apoptosis of breast cancer. This study indicates 
let-7f as a potential therapeutic target for breast tumor. 
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Introduction 
Paclitaxel is a member of the taxane class of 

chemotherapeutics and has been indicated as a 
first-line therapy for many malignancies including 
breast [1], lung [2], ovarian [3], as well as head and 
neck cancers [4]. Even though paclitaxel is commonly 
and broadly used to prevent and treat cancers, some 

adverse effects such as severe anaphylactic hypersen-
sitivity reactions [5] and peripheral neuropathy [6] 
have limited clinical application of paclitaxel in pa-
tients. Compared with maximum tolerable dose 
(MTD) chemotherapy, low-dose metronomic (LDM) 
chemotherapy represents a new therapeutic strategy 
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for solid tumors [7], especially in combination with 
other anti-angiogenic agents. Conventional MTD 
therapy produced antitumor activities through the 
inhibition of cell proliferation and the induction of cell 
apoptosis, with unavoidable damages on normal tis-
sues [7]. Whereas, LDM therapy inhibited the pro-
gress and metastasis of cancers through its stronger 
anti-angiogenic and anti-lymphangiogenic activities 
[8] rather than inducing tumor cell apoptosis [9]. 
Consistently, our previous studies revealed that 
paclitaxel LDM therapy displayed a higher therapeu-
tic efficacy in suppressing growth and metastasis of 
breast tumors than paclitaxel MTD therapy by inhib-
iting tumor angiogenesis and lymphangiogenesis 
with less toxic effects [8, 10]. It was explained by that 
paclitaxel LDM therapy caused the upregulation of 
TSP-1 protein and the downregulation of vascular 
endothelial growth factor receptor-2 (VEGFR2) [11]. 
However, the underlying mechanisms of TSP-1 
overexpressed in paclitaxel LDM therapy remain ob-
scure.  

microRNAs (miRNAs), as a category of endog-
enous non-coding small RNAs, have emerged as one 
of protagonist in gene expression regulation, and 
participate in many essential biological processes [12]. 
miRNAs have displayed the activity in regulating the 
proliferation, apoptosis and migration of tumor cells 
[13]. Some miRNAs were also shown to mediate an-
giogenesis or anti-angiogenesis of breast tumor in 
previous studies [14-15]. Abnormal expression of 
miRNAs has been recognized as novel potential bi-
omarkers or targets in the early diagnosis and treat-
ment of tumors [16]. However, little is known about 
whether abnormal expression of miRNAs is involved 
in paclitaxel LDM therapy.  

The purpose of this study was to examine the 
changes of microRNA let-7f expression in paclitaxel 
LDM therapy and if this change contributes to TSP-1 
overexpression and anti-angiogeneic activity. 

Material and Methods 
Reagents and antibodies 

Paclitaxel was purchased from Hoffmann-La 
Roche Ltd., Basel, Switzerland. Polyoxyethylene se-
ries of castor oil (CrEL) was purchased from BASF 
Co., Ltd., Shanghai, China. The monoclonal antibod-
ies against TSP-1 (sc-73158), and GAPDH (sc-32233) 
were purchased from Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA. CellTiter 96® AQueous One 
Solution Cell Proliferation Assay (MTS) was pur-
chased from Promega, USA, and sterile dimethyl 
sulfoxide (DMSO) was purchased from ATCC, Rock-
ville, USA. 

Animal 
6-8 weeks old BALB/c female mice were ob-

tained from the Experimental Animal Center of the 
First Affiliated Hospital of Harbin Medical Universi-
ty, China. Animals were maintained in an 
air-conditioned room and on 12 hours dark-light arti-
ficial cycle, with food and water ad libitum. Animal 
model and treatment were prepared as described by 
Jiang [11]. Briefly, Tumors were established by sub-
cutaneous injection of 4 × 104 4T1 cells suspended in 
50 μL of phosphate-buffered saline (PBS) into the left 
inguinal mammary fat pads of mice. Tumor volumes 
were estimated according to the following formula: π6 
×a2 × b (a is the short axis, and b is the long axis). 
When tumors reached around 100 mm3, the mice were 
randomly assigned to three groups (10 mice in each 
group): control (PBS, 200 μL/day, i.p.), paclitaxel 
LDM chemotherapy (1.3 mg/kg/day, i.p.) [17], and 
paclitaxel MTD chemotherapy (20 mg/kg/week, i.p.) 
[18]. Forty-two days after tumor implantation, the 
mice were euthanized.  

Cell culture 
Human breast adenocarcinoma cell line Michi-

gan Cancer Foundation-7 (MCF-7) was cultivated in 
Dulbecco's Modified Eagle's Medium-High Glucose 
(Hyclone, Cat. SH30022.01B) with 4 mM L-glutamine, 
10% FBS (Hyclone, Cat. SH30087.01), and 100 U/mL 
penicillin/streptomycin (Hyclone, Cat. SH30010). 
Cells were grown in a humidified atmosphere of 5% 
CO2 in air at 37oC and passaged with 0.05% try-
sin-EDTA every 3-4 days. MCF-7 cells were trans-
fected with 50 nM let-7f, AMO-let-7f or NC miRNAs 
(Guangzhou RiboBio Co., Ltd. Guangzhou, China) 
with Lipofectamine™ RNAiMAX (Life Technologies, 
Grand Island, NY, USA). 48 h after transfection, cells 
were collected for further total RNA or protein ex-
traction. 

Determination of apoptosis/necrosis by flow 
cytometry 

MCF-7 cells were treated with NC, let-7f and 
AMO-let-7f for 24 h. After treatment, cells were har-
vested, washed with PBS, and resuspended in 500 μL 
of binding buffer containing 1.25 μL Annexin V-FITC 
and incubated in dark at room temperature for 15 
mins. Centrifuged at 1000g for 5 mins and added 10 
μL propidium lodide according to the instructions of 
the manufacture (Nanjing KeyGen Biotech. Co., LTD. 
China). After incubation, samples were immediately 
analyzed by flow cytometry (FACS Calibur, BD Bio-
sciences, San Joes, CA, USA) using a 488 nm laser. 

Cell proliferation assay 
MCF-7 cells (1×105 cells/100 μL/well) were 
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seeded in a sterile flat bottom 96-well plate and stabi-
lized by incubation for 24 h at 37oC in an incubator 
containing 5% CO2. 100 μL PBS or 50 nM of each 
treatment (control, NC, let-7f, AMO-let-7f) was added 
to each well. Blank wells contained the media with no 
cells. After 24, 48 and 72 h of test compound incuba-
tion, 10 μL of the MTS reagent in combination with 
the electron coupling agent phenazine methosulfate 
was added to the wells and cells were incubated in 
CO2 incubator for 4 h. Absorbance at 490 nm (OD490) 
was monitored with a plate reader (multiscan MK3, 
Thermo Fisher Scientific, USA) to obtain the number 
of viable cells relative to the control population. Per-
centage of viability in the test compound treated cells 
is expressed as percentage compared to control. Data 
was obtained from three different experiments (n=6 
per plate per time point). 

Cell cycle analysis 
MCF-7 cells (1 × 106 cells) in a six well plates 

were incubated (37oC, 5% CO2) with NC, let-7f, 
AMO-let-7f media for 48 h. Following trypsinization, 
cells were washed and centrifuged at 2000 ×g for 10 
min and the pellet was resuspended in 1 mL PBS. 
Fixation was completed by adding 70% cold ethanol 
at 4oC overnight. The fixed cells were washed with 
PBS and resuspended in 0.5 mL PBS with propidium 
iodide (0.05 mg/mL), DNAase free RNAse A (100 
μg/mL) and 0.2% Triton X-100. Cells were incubated 
at 4oC in dark for 30 mins. The cells were analyzed for 
cell cycle using flow cytometry (FACS Calibur, BD 
Biosciences, San Joes, CA, USA) with an excitation 
wave length of 488 nm and emission at 670 nm. DNA 
content was determined by ModFit software (Verity 
Software House, Topsham, ME), which provided 
histograms to evaluate cell cycle distribution. 

RNA extraction  
Total RNA was isolated using TRIzol (Life 

Technologies, Carlsbad, CA, USA) and miRNeasy 
mini kit (QIAGEN, Valencia, CA, USA) according to 
manufacturer’s instructions, which efficiently recov-
ered all RNA species, including miRNAs. RNA qual-
ity and quantity were measured using NanoDrop 
spectrophotometer (ND-1000, NanoDrop Technolo-
gies) and RNA integrity was determined by gel elec-
trophoresis. 

miRNA microarray 
Total RNA of four tumor tissue samples from 

mouse model in each group was randomly selected, 
and microarray analysis was completed with the 6th 
generation of miRCURYTM LNA Array (v.16.0) (Ex-
iqon, Inc. Woburn, MA, USA), which contains more 
than 1891 capture probes, covering all human, mouse 
and rat microRNAs annotated in miRBase 16.0.  

RNA labeling, array hybridization and data 
analysis 

After RNA isolation from the samples, the 
miRCURY™ Hy3™/Hy5™ Power labeling kit (Ex-
iqon, Vedbaek, Denmark) was used according to the 
manufacturer’s guideline for miRNA labeling. Each 
sample was labeled with Hy3™ fluorescent at 3'-end. 
Then, the Hy3™-labeled samples were hybridized on 
the miRCURY™ LNA Array (v.16.0) according to ar-
ray manual. Following hybridization, the slides were 
achieved, washed several times using miRCURY 
LNA™ Array, washing buffer kit (Exiqon, Inc. Wo-
burn, MA, USA), and finally dried by centrifugation 
for 5 min at 400 rpm. Then the slides were scanned 
using the Axon GenePix 4000B microarray scanner 
(Axon Instruments, Foster City, CA). Scanned images 
were imported into GenePix Pro 6.0 software (Axon) 
for grid alignment and data extraction. Replicated 
miRNAs were averaged and miRNAs that intensities 
>50 in all samples were chosen for calculating nor-
malization factor. Expressed data were normalized 
using the median normalization. After normalization, 
differentially expressed miRNAs were identified 
through Fold Change filtering. Hierarchical clustering 
was performed using MEV software (version 4.6, 
TIGR). 

ELISA assay 
The level of TSP-1 protein in the supernatant of 

MCF-7 cells was measured by ELISA kit 
(IBL-America) according to the supplier’s instruc-
tions. 

Tube formation assay  
Matrigel (BD Biosciences) were thawed at 4°C 

for overnight, and each well of prechilled 48-well 
plates was coated with 150 μL Matrigel and incubated 
at 37°C for 2 h. The cultured HUVECs (2× 104 cells) 
were resuspended with condition medium from each 
group, and then added in the plates. After incubation 
at 37°C for 6 h, tube formation of HUVECs was as-
sessed with OLYMPUS inverted microscope. Tube 
structure was quantified by the counting of low 
power fields, and inhibition percentage was presented 
using untreated wells as 100%. 

Western blot 
Tumor tissues were homogenized in lysis buffer 

(20 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1 mM 
Na2EDTA, 1 mM EGTA, 1% Triton and 1× complete 
protease inhibitor cocktail), and spined extract 10 
mins at 14,000g in 4oC centrifuge. Cells were lysed in 
lysis buffer, and sonicated briefly, centrifuged extract 
10 mins at 14,000g in 4oC centrifuge. Total protein 
samples (30 μg-100 μg) were analyzed by 8% 
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SDS-PAGE gel and transferred to polyvinylidene 
difluoride (PVDF) membranes by a wet blotting pro-
cedure (100 V, 120 mins, 4oC). After blocked with 5% 
blocking buffer, the membranes incubated with pri-
mary antibodies at 4oC overnight using the following 
concentration: TSP-1 (1:1200), GAPDH (1:3000), fol-
lowed by alkaline phosphatase conjugated secondary 
antibody. Visualization of bound antibody was 
achieved with film (Kodak, Rochester, NY USA) by 
using 5-bromo-4-chloro-3-indolyl phosphate 
(BCIP)/nitro blue tetrazolium (NBT) (Beyotime In-
stitute of Biotechnology, Jiangsu, China) at several 
time points (2 mins, 10 mins and 2 h). We chose the 
optimal conditions of TSP-1/GAPDH signal image 
respectively and presented here. GAPDH acted as the 
internal control for normalization of gene expression 
data.  

Quantitative real-time PCR (qRT-PCR) 
Total RNA was extracted from tumor tissue and 

MCF-7 cells using TRIzol (Life Technologies, Carls-
bad, CA, USA) according to the manufacturer’s in-
structions. Each sample for real-time PCR consisted of 
one microgram of total RNA. cDNA was assessed 
with SYBR Green PCR Master Mix (TOYOBO) by ABI 
PRISM® 7500 Sequence Detection System (Applied 
Biosystems). The PCR amplification program was 

95oC 5 min, (95oC 15 sec, 65oC 15 sec, 72oC 32 sec, 40 
cycles) and followed by dissociation curve protocol 
(95oC 15 sec, 60oC 1 min, 95oC 15 sec, and 60oC 15 sec). 
The U6 and 18S were used as internal standards for 
miRNA and mRNA respectively. The primer pairs are 
listed in table 1. We determined the appropriate cycle 
threshold (Ct) using the automatic baseline determi-
nation feature and analyzed data by relative quanti-
tative analysis method. The mean Ct values (± SEM) 
of three independent experiments are presented.  

Luciferase assays 
We synthesized fragments of THBS1 3'UTR 

containing the exact target site for let-7f or the mu-
tated target site using the Taq PCR amplification. The 
primer pairs are listed in table 2. We insert the THBS1 
3’UTR fragments into the multiple cloning sites (SgfI 
and XhoI) of the psiCHECKTM-2 luciferase miRNA 
expression reporter vector (Promega, Madison, WI, 
USA). The HEK293T cells (2×104 pre well) were 
transfected with let-7f (50 nM) or AMO-let-7f (50 nM) 
and 0.5 μg plasmid by Lipofectamine™ RNAiMAX, 
according to the manufacturer’s instructions. Lucif-
erase activities were measured 48 h after transfection 
with a Dual-Luciferase Reporter Assay System 
(E1910, Promega) on a luminometer (GloMax, 
Promega). 

Table 1. Primers for qRT-PCR. 

 Primer Primer Sequence (5’-3’) 
mmu-let-7a RT CTCAACTGGTGTCGTGGAGTCGGCAAGAGTCGGCAATTCAGTTGAGAACTATACAAC 
 Forward ACACTCCAGCTGGGTGAGGTAGTAGGTTGTATA 
mmu-let-7f RT CTCAACTGGTGTCGTGGAGTCGGCAAGAGTCGGCAATTCAGTTGAGAACTATACAAT 
 Forward ACACTCCAGCTGGGTGAGGTAGTAGATTG 
mmu-miR-19b RT CTCAACTGGTGTCGTGGAGTCGGCAAGAGTCGGCAATTCAGTTGAGTCAGTTTTGCATG 
 Forward ACACTCCAGCTGGGTGTGCAAATCCATGCAAAAC 
Mmu-miR-340-5p RT CTCAACTGGTGTCGTGGAGTCGGCAAGAGTCGGCAATTCAGTTGAGAATCAGTCTCAT 
 Forward ACACTCCAGCTGGGTTATAAAGCAATGAGACT 
mmu-miR-543* RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCGAAAAAC 
 Forward ACACTCCAGCTGGGAAGTTGCCCGCGTGTTTTT 
mmu-miR-684 RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTTGACTT 
 Forward ACACTCCAGCTGGGAGTTTTCCCTTCAAGT 
miRNA Reverse  CTCAACTGGTGTCGTGGA 
U6 RT AACGCTTCACGAATTTGCGT 
 Forward CTCGCTTCGGCAGCACA 
 Reverse  AACGCTTCACGAATTTGCGT 
Thbs1 Forward CAAGGGCTCAGGGATACTCA 
 Reverse  TGAGACGCCATCTGTATGCA 
18S Forward CCTGGATACCGCAGCTAGGA 
 Reverse  GCGGCGCAATACGAATGCCCC 
Note: miRNA Reverse as a common reverse primer used for all miRNAs detected by qRT-PCR in our study, which is matched with all miRNAs qRT-PCR forward primers. 

 

Table 2. Primers for THBS1 3’UTR-luciferase reporter clone. 

  Primer Sequence (5’-3’) 
THBS1 Forward (SgfI) gaatgcgatcgcTCATCAGCTGCCAATCATAAC  
 Reverse  ( XhoI) ccgctcgagTATAAATATAAACTTCCATATGAT 
mutTHBS1 Forward  GTGGAACTTCTATACAAATATATGGAGTTTTGTTGTGTGACTGAGTAA 
 Reverse  TTACTCAGTCACACAACAAAACTCCATATATTTGTATAGAAGTTCCAC 
Note: SgfI and XhoI are name of restriction enzyme. 
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Statistical analysis 
Student’s t-test was used to compare the differ-

ence between two groups. Statistical comparisons 
among multiple groups were performed by Tukey’s 
post hoc test and One-Way ANOVA. All data are 
presented as Mean ± SEM. All of the figures were 
plotted using GraphPad Prism (GraphPad Software 
Inc., San Diego, USA). P<0.05 was considered as sig-
nificantly different.  

Results 
let-7f was reduced by paclitaxel LDM therapy 
in 4T1 breast cancer 

Our previous studies demonstrated that 
low-dose metronomic (LDM) paclitaxel therapy dis-
played a stronger anti-angiogenic activity in breast 
tumor via upregulating TSP-1 expression. Here, we 
further studied whether miRNAs were involved in 
the process of LDM paclitaxel therapy of breast tu-
mor. Firstly, we established a xenograft breast cancer 

model by subcutaneous injection of 4T1 tumor cells 
into BALB/c female mice. When tumor size reached 
around 100 mm3, the mice were treated daily with 
PBS (control group), low-dose metronomic paclitaxel 
(LDM group) and maximum tolerable dose paclitaxel 
(MTD group), respectively. Then microarray assay 
was used to screen out differential expressed mi-
croRNAs among three groups. As illustrated in Figure 
1A, let-7f, let-7a, miR-19b and miR-340-5p were found 
to be downregulated by >2 fold, whereas miR-543* 
and miR-684 were upregulated by at least 50% in 
LDM group compare with control. Furthermore, 
qRT-PCR verification showed that let-7f, let-7a, 
miR-19b and miR-340-5p were decreased, and 
miR-684 was increased in LDM group (Figure 1B). 
Interestingly, paclitaxel LDM therapy induced a more 
significant reduction of let-7f and let-7a than control. 
Particularly, let-7f demonstrated the most pro-
nounced change in paclitaxel LDM therapy. It sug-
gests that let-7f is involved in pacliaxel LDM therapy 
of breast cancer. 

 

 
Figure 1. Paclitaxel LDM therapy reduced let-7f expression in 4T1 breast tumors. A, The heat map of hierarchical clustering showed differential expression profiling 
of miRNAs from control, paclitaxel LDM therapy and MTD therapy groups. Red represents upregulated miRNAs, and green represents downregulated miRNAs (left). Altered 
expression profile of miRNAs in 4T1 breast tumors in three groups was analyzed by miRNA microarray (right). B, Quantitative real-time RT-PCR (qRT-PCR) verification of the 
miRNA expression profile in mouse models. ** P<0.01 vs control, ## P<0.01 vs MTD group. n=6 independent samples for each group.  
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Figure 2. THBS1 as a target gene of let-7f. A, qRT-PCR confirmed transfection efficiency of let-7f and AMO-let-7f in HEK293T cells. After transfected for 48 h, let-7f 
expression was increased, and AMO-let-7f inhibited let-7f expression to 42% of NC group. * P<0.05 vs NC, n=6 independent batches cells. B, Luciferase assay in HEK293T cells 
for post-transcriptional inhibition of THBS1 (gene encoding TSP-1 protein). WT THBS1 3’UTR luciferase reporter vector was in structure with full length of THBS1 3’UTR 
including let-7f binding stie; Mut THBS1 3’UTR luciferase reporter vector was insert with fragments of mutant 7 nucleotide of let-7f binding site in full length THBS1 mRNA 3’UTR 
(upper). HEK293T cells were transfected with miR-let-7f, AMO-let-7f or a scrambled miRNA (NC) and NC inhibitor as negative control by Lipofectamine™ RNAiMAX. Blank 
group was treated with Lipofectamine™ RNAiMAX alone. * P<0.05 vs NC, ** P<0.01 vs NC, ## P<0.01 vs let-7f alone; n=6 independent batches of cells for each group. C, Let-7f 
and AMO-let-7f regulated THBS1 mRNA expression in MCF-7 cells. After transfected with let-7f or AMO-let-7f in MCF-7 cells for 48 hours. THBS1 mRNA expression was 
significantly decreased to 41% of NC group. Consistently, AMO-let-7f increased THBS1 mRNA expression as well. ** P<0.01 vs NC group, ## P<0.01 vs let-7f alone, n=6 
independent batches cells in each group. D, The effect of let-7f or AMO-let-7f on TSP-1 protein expression in MCF-7 cells. Downregulation of TSP-1 protein was observed in 
let-7f group, and AMO-let-7f increased the expression level of TSP-1 in MCF-7 cells. ** P<0.01 vs NC, ## P<0.01 vs let-7f alone, n=6 independent batches of cells for each group.  

 
let-7f targeted at THBS1 gene via binding to its 
3’UTR 

Our previous study has shown that paclitaxel 
LDM therapy upregulated TSP-1 expression in breast 
cancer, which conferred antiangiogenesis activity of 
LDM. Computational prediction using TargetScan 
and miRnada predicted THBS1 gene which encodes 
thrombospondin-1 (TSP-1) in tumor cells, as a poten-
tial target for let-7f. Then, we employed the du-
al-luciferase activity assay to determine whether let-7f 
regulates TSP-1 expression via binding to THBS1 
3’UTR. We engineered two versions of the full-length 
THBS1 3’UTR sensor: one containing the WT let-7f 
seed homology sequence, and the other carrying a 
7-nt substitution of let-7f seed site (Figure 2B). It was 
verified that let-7f was successfully transfected into 
HEK293T cells by qRT-PCR (Figure 2A) before lucif-

erase reporter activity assay was carried out. As illus-
trated in Figure 2B, transfection of let-7f (50 nM) 
caused a substantial reduction of luciferase activity of 
constructs carrying fragment of WT THBS1 3’UTR to 
55% (P<0.01) compared with NC group (Figure 2B). In 
contrast, AMO-let-7f (50 nM) enhanced the luciferase 
activity in constructs of WT THBS1 3’UTR. But, 
transfection of let-7f or AMO-let-7f did not affect the 
activity of luciferase reporter with seed sequence 
mutation.  

Western blot and qRT-PCR were further used to 
examine the role of let-7f in regulating the expression 
of THBS1 gene, and the result showed that the level of 
THBS1 mRNA was remarkably decreased in MCF-7 
cells transfected with let-7f (Figure 2C). In contrast, 
AMO-let-7f induced an increase of THBS1 mRNA 
expression in MCF-7 cells. Figure 2D showed that 
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AMO-let-7f had the ability to increase the expression 
of TSP-1 protein in MCF-7 cells. The above data sug-
gests that let-7f targets at THBS1 gene, and let-7f re-
duction leads to the upregulation of TSP-1 protein in 
breast cancer.  

Paclitaxel LDM therapy reduced let-7f and 
upregulated TSP-1 expression 

We then verified if paclitaxel LDM therapy led to 
a reduction of let-7f and increase of TSP-1 expression 
in MCF-7 cells. MCF-7 cells were divided into three 
groups: control group (blank MCF-7 cells), PBS group 
(treat with equal volume of PBS), and LDM group 
(paclitaxel 3.6 μg/ml). We firstly tested if let-7f was 
markedly reduced by paclitaxel LDM therapy in 
MCF-7 cells. The treatment with pacliaxel LDM ther-
apy for 48 h led to about 40% decrease of let-7f ex-
pression in MCF-7 cells (Figure 3A). Figure 3B 
showed that THBS1 mRNA level was increased by 1.5 
folds in LDM group (P<0.05) compared with PBS 
group. TSP-1 protein level was increased by about 2 
folds as well after LDM treatment (Figure 3C, P<0.05), 
whereas MCF-7 Cells treated with PBS showed no 
significant difference from cells in control group. 
These results support that paclitaxel LDM therapy 
upregulates TSP-1 expression via reducing let-7f level 
in breast cancer. 

Overexpression of let-7f antagonized 
LDM-induced the upregulation of TSP-1  

To further confirm that let-7f plays an important 
role in LDM therapy, we studied the effects of let-7f 
overexpression on LDM-induced the upregulation of 
TSP-1. As shown in Fig. 4A, we found that the level of 
TSP-1 protein was significant increased in the super-
natant of MCF-7 cells after LDM treatment, but let-7f 
overexpression in MCF-7 cells can inhibit the augment 
of TSP-1 level in the supernatant induced by LDM 
treatment. It indicates that let-7f is directly involved in 

TSP-1 expression increase by LDM. Furthermore, we 
collected the conditioned medium of each group and 
studied the influence of conditioned medium on tube 
formation. We found that overexpression of let-7f 
attenuated the inhibition of angiogenesis by LDM 
(Fig. 4B-4C). It means that let-7f plays an essential role 
in LDM-induced inhibition of angiogenesis.  

Decrease of let-7f did not affect the prolifera-
tion of MCF-7 cells  

Our previous study has reported that paclitaxel 
LDM therapy inhibited the angiogenesis by upregu-
lating TSP-1, but had no effects on cellular prolifera-
tion and apoptosis. Therefore, it is reasonable to 
speculate that the decrease of let-7f did not affect the 
proliferation and apoptosis of breast cancer cell. So, 
we transfected let-7f and AMO-let-7f into MCF-7 cells 
to determine if let-7f affects the proliferation of breast 
cancer cells. qRT-PCR was used to detect the trans-
fection efficiency of let-7f and its inhibitor. As shown 
in Figure 5A, the expression of let-7f was increased by 
56 folds than NC miRNA transfected cells, and 
AMO-let-7f inhibited 57% endogenous let-7f in MCF-7 
cells. Then, MTT assay was performed to assess the 
proliferation of MCF-7 cells. As shown in Figure 5B, 
MCF-7 cells showed the similar increase speed in the 
viability after treated with NC miRNA, let-7f or 
AMO-let-7f for 1day, 2 days, 3 days, and 4 days, in-
dicating that let-7f inhibition did not affect the prolif-
eration of MCF-7 tumor cells in vitro study. Further-
more, the effect of let-7f on cell cycle distribution was 
examined by flow cytometry. At 48 h of treatment 
with let-7f or AMO-let-7f (50 nM), there were no sig-
nificant changes in S phase, G0/G1 phase and G2/M 
phase (p>0.05) (Figure 5C). The data indicates that 
let-7f inhibition does not affect the proliferation and 
cell cycle of tumor cells directly. 

 
Figure 3. Paclitaxel LDM treatment inhibited let-7 expression and upregulated TSP-1 expression in MCF-7 cells. A, qRT-PCR verification of let-7f expression in 
MCF-7 cells treated with pacliaxel LDM therapy. ** P<0.01 vs PBS group. n=6 independent batches. B, qRT-PCR analysis of THBS1 mRNA expression in MCF-7 cells of control, 
PBS and paclitaxel LDM treated groups. LDM paclitaxel treatment increased mRNA level of THBS1. ** P<0.01 vs PBS groups, n=6 samples for each group. C, Western blot 
detected TSP-1 protein expression in MCF-7 cells of control, PBS and paclitaxel LDM groups. TSP-1 protein was significantly increased in paclitaxel LDM therapy compared with 
PBS treated group. ** P<0.01 vs PBS, n=6 samples for each group.  
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Figure 4. let-7f overexpression attenuated LDM-induced inhibition of angiogenesis. A, The TSP-1 level in the culture medium was measured by ELISA assay. Let-7f 
overexpression inhibited the increase of TSP-1 in the medium after treated by LDM. ** P<0.05 vs NC groups, n=6 batches cells for each group. B and C, LDM treatment 
suppressed the tube formation and resulted in the inhibition of angiogenesis, but let-7f overexpression abolished LDM-induced the inhibition of angiogenesis. ** P<0.05 vs NC 
groups, n=6 batches cells for each group. 

 

 
Figure 5. let-7f reduction did not affect the proliferation of MCF-7 cells. A, qRT-PCR analysis of let-7f expression in MCF-7 cells treated with let-7f, AMO-let-7f or with 
NC miRNA. After transfected let-7f into MCF-7 cells for 48 hours, let-7f expression was increased by over 56 folds compared with NC group. AMO-let-7f transfection inhibited 
let-7f expression by 62% compared with NC group. * P<0.05, n=6 batches cells for each group. B, MCF-7 cells were treated with let-7f, AMO-let-7f or NC miRNA for 0, 24, 48 
and 72 hours, and MTT assay was then performed to assess the proliferation of MCF-7 cells. MCF-7 cells showed the similar increase speed in the viability after treated with each 
group for 1day, 2 days, 3 days, and 4 days. C, Cell cycle analysis of MCF-7 cells after let-7f, AMO-let-7f or NC miRNA treatment by flow cytometry. After exposure of MCF-7 
cells to let-7f, AMO-let-7f or NC miRNA for 48 hours, cells were analyzed by flow cytometry. There were no significantly changes in S phase, G0/G1 phase and G2/M phase 
(P>0.05). Data are expressed as mean ± SEM, Flow cytometric histograms are representative of three separate experiments.  
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Figure 6. let-7f did not induce apoptosis of MCF-7 cells. A, The effects of let-7f and AMO-let-7f on apoptosis were evaluated by Annexin V/PI staining using flow 
cytometry. MCF-7 tumor cells were treated with let-7f, AMO-let-7f or NC siRNA for 24 hours. Lower right quadrant (Q4) Annexin V positive/PI negative cells denote early 
apoptosis and upper right quadrant (Q2) Annexin V positive/PI positive cells denote late apoptosis or necrosis cells. Images are the representative of three independent 
experiments. B, Statistic analysis of the results of apoptosis assay. let-7f induced apoptosis of MCF-7 cells including early apoptosis (P<0.05) and late apoptosis/necrosis cells 
(P<0.01), while AMO-let-7f did not produce any effects on apoptosis of MCF-7 cells (P>0.05). * P<0.05 vs NC, ** P<0.01 vs NC. 

 

let-7f inhibition did not affect the apoptosis of 
MCF-7 cells  

Then the effects of let-7f and AMO-let-7f on 
apoptosis were evaluated by using Annexin V/PI 
staining. As shown in Figure 6A, there was no signif-
icant change in the number of living cells after treated 
with AMO-let-7f for 48 h, but the percentages of 
apoptotic cells were significantly increased by let-7f in 
both early apoptosis stage (up to 0.82±0.1%, P<0.05) 
and late apoptosis/necrotic cells (up to 3.2±0.12%, 
P<0.01). Figure 6B showed that let-7f induced apop-
tosis of MCF-7 cells, while AMO-let-7f did not pro-
duce any effects on apoptosis of MCF-7 cells com-
pared with NC miRNA treatment. This result is in 
consistent with the paclitaxel LDM therapy has no 
effects on tumor cells in our in vivo study [8, 10]. 

Discussion 
In the present study, we uncovered that 

paclitaxel LDM therapy led to the reduction of let-7f 
which in turn caused the increase of TSP-1 expression 
in breast cancer via acting on 3’UTR of THBS1. It 
suggests that let-7f mediates the increase of TSP-1 in 
paclitaxel LDM therapy. This study will help us better 
understand the molecular mechanism of an-

ti-angiogenic activity of paclitaxel LDM therapy.  
Breast cancer is the first leading cancers in women 

all over the world, and more than 200,000 females 
were diagnosed as breast cancer per year in the 
United States [19]. In additional to surgery, chemo-
therapy is an important strategy for the treatment of 
breast cancer. Paclitaxel is one of the most effective 
chemotherapy drugs to prevent the metastasis of 
breast cancer [20]. However, severe side effects such 
as anaphylactic hypersensitivity reactions and pe-
ripheral neuropathy during paclitaxel therapy were 
often observed in patients [5, 21]. So, it is necessary to 
develop a better therapeutic strategy to improve the 
efficacy of paclitaxel and reducing its toxicity. 

Low-dose metronomic (LDM) chemotherapy is 
defined as the frequent and continuous low-dose 
chemotherapeutics, and has attracted more and more 
attention as an alternative scheme for the treatment of 
many cancers [22]. Compared with conventional MTD 
therapy, LDM was well characterized by high effi-
ciency, less toxicity and reduced drug resistance in 
clinics [23], which was mainly attributed to its an-
ti-angiogenic activity. LDM chemotherapy of 
paclitaxel has been suggested as a novel potential 
approach to avoiding or reducing adverse effects of 
paclitaxel. For example, a clinical trial showed the 
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evidence that paclitaxel LDM therapy in combination 
with other anti-cancer drugs was beneficial and safe 
in patients with metastatic melanoma [24]. Our pre-
vious study reported that LDM therapy displayed a 
stronger anti-tumor activity in suppressing primary 
and metastatic breast tumors with fewer side effects 
[8, 10]. Paclitaxel LDM therapy has stronger an-
ti-angiogenic and anti-lymphangiogenic activities 
than MTD therapy, whereas paclitaxel MTD therapy 
showed stronger pro-apoptotic and anti-proliferative 
activities. Upregulation of TSP-1, an important angi-
ogenesis inhibitor was defined as the underlying 
mechanism of the anti-tumor activity of paclitaxel 
LDM therapy [10]. However, how LDM chemother-
apy paclitaxel caused the upregulation of TSP-1 has 
not been elucidated yet.  

miRNAs are a category of endogenous noncod-
ing small RNAs, and negatively regulate target gene 
expression in a post-transcriptional manner [12]. Ac-
cumulating evidence uncover that miRNAs play an 
important role in cellular apoptosis, differentiation, 
proliferation, aging, etc [12, 16]. Especially, some 
miRNAs called "anti-oncomirs" serve as natural in-
hibitors of oncogene and may suppress the growth 
and metastasis of tumors [13]. In contrast, some 
miRNAs acts as “oncomirs” and promote the prolif-
eration and migration of tumor cells [25-26]. Abnor-
mal expression of miRNAs might be clinically valua-
ble as a therapeutic target in the diagnosis, treatment, 
and prognosis of tumors [27]. The changes of miRNAs 
expression were also shown to be related to angio-
genesis of breast tumor in previous studies [28]. 
However, little is known concerning the role of 
miRNAs in paclitaxel LDM therapy of breast cancer.  

We found that a variety of miRNAs such as 
let-7f, let-7a, miR-19b, miR-543*, miR-224, miR-5097, 
miR-340-5p and miR-684 were changed after 
paclitaxel LDM therapy by microarray screening. 
qRT-PCR verification demonstrated that let-7f, let-7a, 
miR-19b and miR-340-5p were reduced, and miR-684 
was upregulated in tumor tissues after LDM treat-
ment. In particular, let-7f has a most pronounced re-
duction in both LDM group and MTD group as 
compared to other miRNAs. In vitro, MCF-7 cells 
treatment with paclitaxel resulted in a decrease of 
let-7f as well. So, we firstly studied the role of let-7f in 
paclitaxel LDM therapy in this study. It has been re-
ported that TSP-1 protein was a critical target of an-
ti-angiogenesis of paclitaxel LDM therapy in breast 
cancers. Interestingly, computation analysis predicted 
that TSP-1 encoding gene THBS1 is the target of let-7f, 
which was then confirmed by luciferase assay. The 
mutation of binding sites can abolish the inhibition of 
luciferase activity by let-7f. As a highly conserved 
noncoding RNA, let-7f has the same RNA sequences 

cross many species such as human, mouse and rat. We 
then transfected the synthesized let-7f into MCF-7 
cells and studied its effects on TSP-1 expression. The 
results showed that let-7f overexpression inhibited 
TSP-1 expression, but let-7f knockdown upregulated 
TSP-1 level in MCF-7 cells. Consistently, previous 
study has shown that endogenous angiogenesis in-
hibitor TSP-1 was the target for let-7f in endothelial 
cells [29].  

Our previous study showed that LDM can in-
hibit the lymphangiogenic and angiogeneic activity 
via upregulating TSP-1 expression, but did not affect 
the proliferation and apoptosis of breast cancer. So, 
we further investigated whether the inhibition of 
let-7f by LDM therapy did not affect the proliferation 
and apoptosis of MCF-7 cells. It was shown that nei-
ther let-7f nor AMO-let-7f affected the proliferation of 
MCF-7 cells. The cell cycle of MCF-7 was not altered 
after let-7f or AMO-let-7f treatment. Consistent with 
this data, recent studies reported that let-7 inhibition 
did not enhance cellular proliferation [30-31]. More-
over, the knockdown of let-7f did not raise the num-
ber of apoptotic tumor cells, but let-7f overexpression 
induced an increase of apoptosis in MCF-7 cells. It 
means that LDM paclitaxel-induced the knockdown 
of let-7f did not increase the apoptosis of MCF-7 cells. 
MTD therapy induced the apoptosis of breast cancer 
independently of let-7f.  

Other microRNAs, let-7a and miR-19b were also 
decreased after LDM treatment. In order to evaluate 
the contribution of let-7a and miR-19b to TSP-1 up-
regulation, we also transfected let-7a and miR-19b 
level into MCF-7 cells, and observed their effects on 
luciferase activity of THBS 3’UTR vector. We found 
that let-7a and miR-19b also showed an inhibitory 
effect on TSP-1 expression, but the inhibitory effect of 
let-7a or miR-19b on TSP-1 was less than let-7f (sup-
plementary Fig. 1).  

Limitation of this study: Other factors including 
transcription factors, translation efficiency, methyla-
tions, etc, also possibly contribute to the increase of 
TSP-1 after LDM treatment. In this study, we just 
confirmed that let-7f reduction may lead to the aug-
ment of TSP-1 expression in breast cancer cells. 
Whether other factors were involved in this process 
need further studies.  

In summary, we found that LDM therapy caused 
the downregulation of let-7f in breast cancer, which 
contributed to the upregulation of TSP-1 in breast 
cancer. This study confer us a better understanding of 
molecular mechanisms of paclitaxel LDM therapy. 

Supplementary Material 
Supplementary Figure 1. 
http://www.ijbs.com/v11p0048s1.pdf 
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