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Figure 4: miR-1207-5p suppresses the metastasis of A549 cells in a nude mouse xenograft model. The tail veins of nude
mice were intravenously injected with A549-luciferase cells (which had been treated with either miR-1207-5p agomir or a control agomir
for 24 hrs). miR-1207-5p agomir group has nine mice and control agomir group has ten mice. After 7 days, each group of nude mice were
treated with miR-1207-5p agomir or control agomir through vein injection, respectively. Fifty days later, D-Luciferin was administered to
each mouse, and the mice were then imaged by using a Xenogen IVIS Lumina II imaging system. After then, necropsies and pathology
examination were performed. (A) Representative images of IVIS imaging, which revealed the metastatic nodules in the lung (left). Effects
of miR-1207-5p agomir on miR-1207-5p and CSF1 mRNA expression in A549 cells assayed by RT-qPCR (right). (B) Representative
images of H&E—stained mice lung sections, which revealed the metastatic nodules (left), and numbers of metastases in lungs of individual
mice were analyzed (right). (C) The expression of CSF1, p-AKT and p-STAT3 were assayed by immunohistochemistry (left). The mRNA
levels of miR-1207-5p and CSF1 of mice lung tumor tissues were analyzed by RT-qPCR (right). Scale bar: 50 pm. All data are shown as
the mean £+ s.e.m. *p < 0.05, **p < 0.01 compared with control.
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We also used nude mouse xenograft model to
confirm that miR-1207-5p could suppress lung cancer
cells metastasis in vivo. Immunohistochemistry staining
showed that miR-1207-5p suppressed CSF1, phos-AKT,
and phos-STAT3 expression in the mouse model.

At last, we found that miR-1207-5p expression levels
were significantly downregulated in NSCLC specimens,
whereas CSF1 expression levels were upregulated in
NSCLC compared to the non-cancerous lung tissues. Also,
miR-1207-5p expression levels were lower in metastases
compared to their primary tissues, whereas CSF1 had
the opposite effect. More importantly, high expression of
miR-1207-5p or low expression of CSF1 provided better
survival chance for NSCLC patients compared with cancer

with low expression of miR-1207-5p or high expression of
CSF1 (Figure 5D left and right). These clinic data implies
the miR-1207-5p-CSF1 axis may play roles in the NSCLC
development in vivo.

Tumor microenvironment provides multiple
supports for tumor development and metastasis [34].
Our present study provides new information that
miR-1207-5p can target CSFI, an essential growth
factor for macrophage, and thus modulate the tumor
microenvironment. miR-1207-5p is an anti-metastasis
microRNA, and understanding the miR-1207-5p-CSF1
axis will provide additional opportunities for the design of
treatments for NSCLC. The exact role of miR-1207-5p in
carcinogenesis is worthy of further study.

Figure 5: Expression of miR-1207-5p and CSF1 in NSCLC and control non-cancerous lung tissues by means of TMA.
(A) In situ hybridization staining of miR-1207-5p mRNA in adenocarcinoma and squamous carcinoma tissues as well as non-cancerous
lung tissues (upper panel). Immunohistochemical staining of CSF1 proteins in lung cancer tissues (with or with out lymph node metastasis)
and control non-cancerous lung tissues (bottom panel). Scale bar: 50 pm. (B) Expression scores of miR-1207-5p and CSF1 in lung cancer
tissues (7 = 289) and non-cancerous lung tissues (n = 53). (C) Expression scores of miR-1207-5p and CSF1 in lung cancer tissues, which
had both primary tumor tissues and metastasis tumor tissues (n = 118 pairs). All data are shown as the mean + s.e.m. *p < 0.05, **p <0.01,
kP < 0.001 compared with control. (D) Kaplan-Meier analysis was used to plot the overall survival curves of 289 cases of NSCLC
patients with different expression of miR-1207-5p and CSF1, which statistical significance was assessed by log-rank test (left and middle
panel). MIRUMIR database [24] was used to analyze the clinic impact of CSF1 expression patterns on lung cancer patients’ survival in a
NSCLC cancer specimen expression profile dataset (GSE31210, n = 222) (right panel).
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MATERIALS AND METHODS

Vectors construction

The 3’-UTR of CSFI was amplified and subcloned
into the pMIR-Report luciferase vector (Ambion, Austin,
TX, USA). Mutants of the seed region of the putative
miRNA-binding sites in 3'-UTR were generated by point
mutation PCR. The CDS and CDS plus 3'UTR of CSF/
were obtained by PCR from CSFI plasmid (Origene,
Rockville, MD, USA) and subcloned into the pCMV-N-
Flag vector (Beyotime Biotechnology, Jiangsu, China).

Cell culture

HEK?293, A549, H358, HK-1, BJAB, Raji, P3HRI1,
THP1, HepG2, U251, SW620, SW480, MCF-7, SGC7901
and AGS cells were grown in RPMI 1640 medium
supplemented with 10% feal calf serum (FBS) at 37°C with
5% CO,. A549 and H358 are human NSCLC cell lines,
and HK-1 is a human nasopharyngeal carcinoma cell line.
BJAB, Raji and P3HR1 are B cell lymphoma cell lines,
and HepG?2 is a hepatocellular carcinoma cell line. U251 is
a brain glioblastoma cell line, and MCF-7 is a breast cancer
cell line. SGC7901 and AGS are gastric cancer cell lines,
and SW480 and SW620 are colon cancer cell lines.

To obtain macrophage-like differentiated cells
(d-THP1), human monocytic cell line THP-1 cells were
treated with 25 ng/ml phorbol myristate acetate in the
medium for 48 h. After the incubation, the phorbol myristate
acetate-containing medium was aspirated and adherent
differentiated cells were resuspended in fresh medium and
incubated for an additional 24 h.

To assay the effect of miR-1207-5p on macrophage
characters, d-THP1 cells were transfected with either
miR-1207-5p mimics or control mimics for 48 h. Total
RNA was purified using Trizol (Life Technologies,
Gaithersburg, MD, USA) and RT-qPCR was performed
to assay the M1/M2 macrophage phenotype-related genes
expression levels.

Quantitative real-time RT-PCR

Quantitative real-time RT-PCR was carried out as
described previously [1]. The primer sequences are listed
in the Supplementary Table 1.

Luciferase activity assay

Luciferase activity assay was carried out as
described previously [1].

Wound-healing assay

A549 or H358 cells were transfected with a synthetic
microRNA mimics (GenePharma, Shanghai, China) and

then grown in a 6-well plate. After the cell monolayer
had reached 90% confluence, a wound was made with a
10- ul pipette tip. Cells were then cultured in medium with
1% FBS, and migration at the corresponding wound site
was documented using a microscope at the indicated time
points.

Matrigel invasion assay

Before cell seeding, 24-well Transwell plates (8- um
pores; Corning, New York, NY, USA) were coated with
Matrigel matrix (BD Biosciences, San Diego, CA, USA).
5 x 10* transfected A549 or H358 cells suspended in
200 pl volume of RMPI 1640 (with 1% FBS) were added
to the top of each insert well. Medium with 15% FBS was
placed in the bottom wells. The cells were then allowed to
migrate for 48 h at 37°C. The invasived cells were fixed
with 10% methanol for 15 minutes. Then the invasive cells
on the lower surface of the membrane were stained with
2% crystal violet for 5 min, and the stained cells were
counted under a microscope. To minimize bias, at least
five fields with 100 magnification were counted, and the
various counts were averaged.

Colony formation assay

A549 or H358 cells were transfected with miRNA
mimics and then grown in the 6-well plates for 24 h. For
each group, 1000 cells were seeded in triplicate into 6-well
plates for 7 days during which period the medium was not
changed. Cells were then fixed with 4% formaldehyde and
stained with crystal violet for 5 minutes and washed with
PBS for three times.

Tube formation assay

The tube formation assay was carried out as
described [37]. In brief, 96-well plates were coated with
50 ul Matrigel. 2 x 10* HUVEC cells were added to
each well and incubated at 37°C for 6-8 h. Images were
acquired under an inverted microscope. Antiangiogenic
activity was quantified by measuring the length of tube
walls formed between discrete endothelial cells in each
well relative to the control.

Western blot analysis

Western blotting was carried out as described
previously [38]. Antibodies against phos-STAT3(T705)
and phos-S6(S235/236) were obtained from Cell Signaling
Technology (Danvers, MA, USA). Anti-CSF1, AKT,
and phos-AKT (S473) antibodies were from Abcam
(Cambridge, MA, USA). Anti-STAT3 antibody was from
Abzoom (Dallas, TX, USA). Anti-Flag antibody was from
Sigma—Aldrich (St. Louis, MO, USA). Anti-GAPDH
antibody was from Millipore (Billerica, MA, USA).
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Table 1: 289 cases of non small lung cancer (NSCLC) patient’s characteristics

Patients characteristics

No. of cases (%)

Age (years)

<50 75 (26%)
> 50 214 (74%)
Gender

Male 217 (75%)
Female 72 (25%)
Clinical stages

I 75 (26%)
11 69 (24%)
111 134 (46%)
v 11 (4%)
LNM status

LNM 184 (64%)
No LNM 105 (36%)
Histological type

SCC 138 (48%)
ADC 151 (52%)

Histological grades

Well differentiation 5(2%)
Moderate differentiation 125 (43%)
Poor differentiation 159 (55%)

Abbreviations:

LNM, lymph node metastasis; SCC, squamous cell carcinoma; ADC, adenocarcinoma.

ELISA

Secretion of CSF1 was detected according to the
ELISA Kit for Colony Stimulating Factor 1 assay manual
(Cloud-Clone Corp, Houston, USA) after miR-1207-5p
mimics or inhibitors were transfected into A549 cells for
48 h. Secretion of IL-10, IL-12/IL-23 was detected by
ELISA Kits (purchased from R&D, Minneapolis, MN,
USA) after miR-1207-5p mimics or control mimics were
transfected into d-THP1 cells for 48 h.

Animal experiment

A549-luciferase cells were harvested after
treatment of miR-1207-5p agomir or control agomir
(Ribobio, Guangzhou, China) for 24h, and single cell
suspensions of 8x105 cells were used for vein injections
of four-week-old male athymic BALB/c nude mice.
miR-1207-5p agomir group has nine mice and control
agomir group has ten mice. Seven days later, each
group of nude mice were treated with miR-1207-5p
agomir or control agomir (150 pl, 200 nM) through vein
injection, respectively. Fifty days later, D-Luciferin was
administered to each mouse by intraperitoneal injection

at a dose of 150 mg/kg, and the mice were anesthetized
for 5 min in a chamber with 3% isofluorane. The mice
were then imaged by using a Xenogen IVIS Lumina
II imaging system (Caliper Life Sciences, Hopkinton,
MA, USA). After then, necropsies were performed.
After physical separation of the lobes of each lung, the
metastases numbers on the surface of each of the five
lobes were counted under a dissecting microscope. Tumor
cells in lung metastases in individual mice were analyzed
by immunohistochemistry. All animal procedures were
performed in accordance with institutional guidelines.
Agomir is chemically-modified double-strand miRNA
mimics which can mimic mature endogenous miRNAs
after transfection into cells.

Tissue microarray (TMA) and clinical data

TMAs were constructed as described previously
[39]. Samples were obtained with informed consent and all
protocols were approved by The Second Xiangya Hospital
of Central South University Ethics Review Board. Written
informed consent was obtained from all patients. There
are 289 cases of NSCLC patient lung cancer tissues
(See Table 1), and 53 non-cancerous lung tissues in the
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TMA. Among the 289 cancer samples, 118 samples had
both primary tumor tissues and metastasis tumor tissues.

Immunohistochemistry and scores

Immunohistochemistry staining and scores were
carried out as described previously [39].

In situ hybridization

In situ hybridization was carried out as describied
prebiously [40]. 5'DIG-labeled has-miR-1207-5p
miRCURY LNA detection probe was obtained from
Exiqon (Vedbaek, Denmark).

Statistical analysis

Statistical analysis was performed using SPSS17.0 and
Graph-Pad Prism 5. Chi-square test or Kruskal-Wallis H test
was used for categorical variables. Kaplan-Meier analysis
was performed for overall survival curves and statistical
significance was assessed using the log-rank test. Independent
t-test or ANOVA was performed for qRT-PCR and phenotype
analyses. Significance parameters were set at p < 0.05.
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