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Abstract. Signal transducers and activators of transcription 
(STAT) is a family of transcription factors which regulate cell 
proliferation, differentiation, apoptosis, metastasis, immune 
and inflammatory responses, and angiogenesis. STAT3 is a 
latent cytoplasmic transcription factor that belongs to STATs. 
STAT3 has been reported be regulates genes involved with 
cellular growth, proliferation and metastasis. Worldwide, colon 
cancer is one of the leading causes of cancer-related deaths. 
Cumulative evidence has established that STAT3 is essential 
for colon cancer progression to advanced malignancy. In our 
study, we showed that microRNA-1299 (miR-1299) was closely 
related to the TNM stage of colon cancer, and that the expres-
sion of miR-1299 was negatively correlated with the expression 
of STAT3 in colon cancer which means that miR-1299 can be 
a negative regulator of STAT3 in colon cancer. A total of 60 
cases of different grades of colon samples were used to detect 
the expression of miR-1299. Results showed that miR-1299 
was significantly lower in high-grade colons both in mRNA 
and protein levels. Furthermore, Overall survival (OS) in 
patients with low miR-1299 is shorter than 25.6 months, as 
compared with an OS of 28.4 months in patients with high 
level of miR-1299. We also confirmed that the overexpression 
of miR-1299 can not only downregulate the STAT3 pathway, 
but also inhibited colon cancer cell growth. Our findings could 
provide new insights into the molecular therapeutic of colon 
cancer.

Introduction

As the most common digestive malignancy, colon cancer is 
the most devastating primary tumor (1). Colon cancer is the 
third most commonly diagnosed cancers worldwide, and it is 
the third leading cause of cancer-related death worldwide (2). 
Despite the great progress including surgery and combined 
radio and chemotherapy, colon cancer remains a ruinous 
disease with invariable manifestation of tumor recurrence, the 
5-year survival rate of colon cancer is still poor (3). Therefore, 
researchers have intensive interest in the therapeutic strategies 
aimed at preventing and delaying the disease.

Tumorigenesis is often initiated by mutations activated 
oncogenes or inhibited by tumor suppressor genes (4). Clinical 
data and experimental models have shown that signal trans-
ducers and activators of transcription (STAT3) played an 
important role in colon cancer including cell proliferation and 
survival, invasion, migration, and angiogenesis (5). STAT3 
is known to adjust a number of cytokines such as vascular 
endothelial growth factor (VEGF) and interleukins (ILs). It 
has been found that STAT3 can be responsible for cellular 
transformation, and STAT3 may prevent apoptosis by being 
a downstream protein of Src (6). STAT3 has various effects 
in malignant transformation, targeting STAT3 can decrease 
many types of cells and malignant transformation suscepti-
bility (7). In addition to cellular transformation, STAT3 also 
participates in cellular survival, proliferation, metastasis and 
angiogenesis.

MicroRNAs (miRNAs) are a group of non-coding RNAs. 
miRNAs have been reported to be deregulated in a variety 
of human cancers, and miRNAs were proved to be involved 
in several physiological and pathological states. Several 
miRNAs such as miR-9, miR-31, and miR-182 are known to be 
deregulated in colon cancer, but the expression and function 
of miR-1299 in colon cancer are unclear. Akao et al found 
that when SW480 colon cancer cells were overexpression with 
miR-143 and miR-145, the cell viability was decreased (8). 
When cells were transfected with hsa-let7a-1 or miR-126 the 
cell proliferation was decreased. Studies showed that let-7a-1 
can inhibit c-MYC and RAS activation, and miR-126 can 
inhibit the expression of AKT (9,10). In addition, miRNAs 
have been found to be related to drug resistance, metas-
tasis and prognosis (11-14). All these studies indicate that 
miRNAs may become therapeutic targets in colon cancer 
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treatment. miR-1299 has been reported that it could affect 
PIM1 pathway in PI003-induced apoptosis in HeLa cells, 
however there are no studies on miR-1299 in colon cancer.

In this study, we detected miR-1299 and STAT3 in 60 
cases of colon cancer patients with tumor tissues and adjacent 
tissues to clarify their relationship. We found that miR-1299 
as a negative control of STAT3 had a negative correlation with 
the TNM grade of colon cancer, and that it could affect the 
growth of colon cancer cells.

Materials and methods

Patients and tissue samples. Sixty cases of tumor tissues and 
adjacent tissues were obtained from patients undergoing resec-
tion of their tumor in Central Hospital Affiliated to Shenyang 
Medical College. All patients had a clear histologic diagnosis 
of colon cancer based on the AJCC. All cases were diagnosed 
with colon cancer and treated between January 2009 and 
December 2009 at Central Hospital Affiliated to Shenyang 
Medical College. All cases were classified as shown in 
Table  I. Each patient provided agreement for use of their 
tissue for research, and the Institutional Research Medical 
Ethics Committee of Central Hospital Affiliated to Shenyang 
Medical College granted approval for this study.

Cell culture. Two human colon cancer cell lines, HCT116 
and SW480, were obtained from American Type Culture 
Collection and cultured according to their recommendations.

MTT assays. 3-(4,5-Dimethylthiazolyl) 2,5  diphenyltetra-
zolium bromide (MTT) assay was used to analyzed the cell 
viability. Cells (1x103) were seeded to one well of 96-well 
plates; 12 h later, the transfection was performed. At different 
time points, 5 mg/ml MTT was added and incubated at 37˚C in 
a CO2 incubator for 4 h, then medium was replaced by 0.1 ml 
DMSO and the absorbance was measured spectrophotometri-
cally at 490 nm using Microplate Reader (Bio-Rad).

Hochest 33258 staining. After transfected with different 
miRNAs, cells were fixed with 4% polyoxymethylene, incu-
bated with 10 µg/ml Hochest 33258. Cells were observed with 
a fluorescence microscope.

Reverse transcription and quantitative real-time PCR. Total 
RNA was extracted by TRIzol (Invitrogen) through the protocol. 
The expression of miR-1299 was detected with Stem-Loop 
RT-PCR assay as reported  (15,16). Primer sequences were 
synthesized as follows: miR-1299, F: 5'-ACACTCCAGCTGG 
GTTCTGGAAUUCTC-3', R: 5'-CTCAACTGGTGTCGTGG 
AGTCGGCAATTCAGTTGAGTCCCTCAC-3'; U6, F: 5'-CTC 
GCTTCGGCAGCACA-3'; R: 5'-AACGCTTCACGAATTT 
GCGT-3'; STAT3, F: 5'-GGAACAAGCCCCAACCGG-3', 
R:  5'-CTAAAATCAGGGGTCCCAACTG-3'; CDK4, 
F: 5'-CAGAGCTCTTAGCCGAGCGT-3', R: 5'-GGCACCG 
ACACCAATTTCAG-3'; CDK6, F: 5'-AGTCTGATTACCT 
GCTCCGC-3', R:  5'-CCTCGAAGCGAAGTCCTCAA-3'; 
Bcl-2, F: 5'-GGTGAACTGGGGGAGGATTG-3', R: 5'-GGC 
AGGCATGTTGACTTCAC-3'; Bax, F: 5'-AGCTGAGCGAG 
TGTCTCAAG-3', R: 5'-GTCCAATGTCCAGCCCATGA-3'; 
GAPDH, F: 5'-CTCTGCTCCTCCTGTTCGAC-3', R: 5'-GCG 

CCCAATACGACCAAATC-3'. All the reactions were carried 
out as previously described (17).

Western blot analyses. RIPA lysis buffer were used to split 
cells and tissues. Sample were subjected to 10% SDS-PAGE 
and transferred onto a PVDF membrane. Target proteins were 
probed with specific antibodies, STAT3, bcl-2, bax, CDK4, 
CDK6, MMP2 and Gapdh (Santa Cruz Biotechnology).

Dual luciferase reporter assay. The STAT3 3'-UTR was PCR 
amplified and cloned into the pMIR-REPORT™ vector 
(Ambion). The primers were: STAT3-WT, F: 5'-GGAACAA 
GCCCCAACCGG-3', R: 5'-CTAAAATCAGGGGTCCCAA 
CTG-3'; STAT3-DEL, F: 5'-CGAATGGGCCTGACAAT-3', 
R: 5'-CTAAAATCAGGGGTCCC-3'. Cells were seeded at a 
24-well plate and co-transfected with WT or DEL reporter 
vector and 10 ng pMIR-REPORT βgal control plasmid in 
miR-1299 mimic and miR-1299 AS. After 36 h, the luciferase 
activity was measured using the Dual Luciferase Reporter 
Assay System (Promega).

Immunostaining. All the reactions were carried out as previ-
ously described (18). All slices were independently assessed 
by two experienced pathologists who were blinded to the 
patient clinicopathology and other information. STAT3 

Table I. The relationship between miR-1299 and colon cancer.

		  miR-1299
		  expression
	 No. of	 ---------------------
Parameters	 patients	 Low	H igh	 χ2	 P-value

Sex				    0.028	 0.866
  Male	 29	 20	   9
  Female	 31	 22	   9

Age (years)				    0.082	 0.775
  <40	 25	 18	   7
  ≥40	 35	 24	 11

Size (maximal diameter)				    4.898	 0.027a

  <5	 18	   9	   9
  ≥5	 42	 33	   9

Family history				    0.003	 0.955
  No	 27	 19	   8
  Yes	 33	 23	 10

TNM grade				    10.051	 0.018a

  Ⅰ	 13	 11	   2
  Ⅱ	   9	   7	   2
  Ⅲ	 29	 15	 14
  Ⅳ	   9	   9	   0

Through the Chi-square test we found little correlation between miR-
1299 with the sex, age and family history in the tissues we detected; 
however, there was correlation between the miR-1299 and the tumor 
size and TNM stage of colon cancer. aSignificant difference.
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expression level was evaluated via positive staining proportion 
and intensity of tumor cells. Slices with inconsistent results 
were re-examined by the original two pathologists and a senior 
pathologist until a consensus was reached. Sections were 
immunostained with STAT3 antibody (1:200).

Annexin V-FITC. By Annexin V-FITC apoptosis detection kit 
instructions determination, the specific steps were as follows: 
cells were washed twice with cold PBS, then re-suspended 
with binding buffer at a concentration of 1x106  cells/ml. 
Adding 5 µl of Annexin V-FITC and 10 µl of PI. Finally, 
adding 400 µl binding buffer to each tube and the apoptosis 
rate was measured by flow cytometry within 1 h.

Statistical analysis. All data were analyzed with SPSS17.0 
(SPSS Inc.). Difference was analyzed by ANOVA test. All 
experiments were repeated three times. Group comparison 
and Chi-square test were used to analyze the results.

Results

Expression of STAT3 and miR-1299 in tumor tissues and 
adjacent tissues. First, the expression levels of STAT3 were 

detected in colon cancer tissues and adjacent tissues by real-
time PCR, western blotting (Fig. 1A and B). The adjacent 
tissues were used as a control. The results showed that there 
was a higher expression of STAT3 in colon cancer tissues 
than the adjacent tissues. Then STAT3 in different stages of 
colon cancer tissues were detected by immunohistochemical 
staining. The results showed that STAT3 increased with the 
increasing of the stage of colon cancer (Fig. 1C). There are few 
reports on the expression of miR-1299 in cancer; we wondered 
whether there was a different expression of miR-1299 in colon 
cancer tissues and adjacent tissues. Real-time PCR was used 
to test the expression of miR-1299 in colon cancer tissues 
and adjacent tissues (Fig. 1D). We found that the expression 
of miR-1299 was significantly downregulated in colon cancer 
tissues. We analyzed the relationship between miR-1299 and 
colon cancer in 60 pairs of colon cancer tissues. We found 
there was little correlation between miR-1299 with the sex, age 
and family history in the tissues we detected; however there 
was correlation between the miR-1299 and the tumor size and 
TNM stage of colon cancer (Table I).

miR-1299 inhibits the expression of STAT3 in HCT-116 cells. 
We found there was a variety of proteins could be the target 

Figure 1. The expression of STAT3 and miR-1299 in tumor tissues and adjacent tissues. (A) The protein level of STAT3 and STAT3p-Tyr705 in 60 samples of colon 
cancer tissues and adjacent tissues were detected with western blotting. The expression of STAT3 and STAT3p-Tyr705 were higher in the colon cancer tissues. 
Data are shown as mean ± SEM. **P<0.01 vs. adjacent tissue group. (B) mRNA expression of STAT3 in 60 samples of colon cancer tissues and adjacent tissues 
were detected with real-time PCR. The expression of STAT3 was higher in the colon cancer tissues. Data are shown as mean ± SEM. **P<0.01 vs. adjacent 
tissue group. (C) Immunostaining was used to test the expression of STAT3 in 60 samples of colon cancer tissues and adjacent tissues. The expression of 
STAT3 was positively correlated with the TNM stage of colon cancer. (D) The levels of miR-1299 were detected by real-time PCR. There was lower expression 
of miR-1299 in colon cancer tissues. Data are shown as mean ± SEM. **P<0.01 vs. adjacent tissues group. (E) Survival analysis of miR-1299 and colon cancer 
in 60 cases of colon cancer samples. Results showed that overall survival (OS) in patients with low miR-1299 is 25.6 months, as compared with an OS of 
28.4 months in patients with high level of miR-1299. P=0.0333.
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genes of miR-1299 through miRDB tool (Fig.  2A). We 
evaluated whether there is a correlation between STAT3 
and miR-1299 in colon cancer. The miRDB tool showed that 
miR-1299 could be combined with 3'-UTR of STAT3, which 
confirmed our conjecture (Fig. 2B). For further confirmation 
the luciferase reporter assay was carried out to determine 

whether STAT3 is a potential target gene of miR-1299 
(Fig. 2C). The results indicated that miR-1299 inhibited the 
expression of STAT3 at the gene level. On the other hand, we 
found that the expression of miR-1299 was negatively corre-
lated with the expression of STAT3 in colon cancer tissue by 
real-time PCR, which was further evidence that miR-1299 

Figure 2. miR-1299 can inhibit the expression of STAT3 in HCT-116 cells. (A) Site prediction showed that miR-1299 could target at a several of proteins. 
(B) miRDB predicted that miR-1299 could specifically targeted in STAT3. (C) Luciferase reporter assays of the interaction between miR-1299 and the STAT3 
3'-UTR. It was proved that miR-1299 can directly act on STAT3. Data are shown as mean ± SEM. **P<0.01 vs. TK-STAT3 group. (D) The correlation analysis 
between miR-1299 and STAT3 in colon cancer. The results showed that the expression of mi-1299 was negatively correlated with the expression of STAT3. The 
formula for that was y= -0.9605x + 1.211 P<0.01 R2=0.6767. (E and F) Western blotting and real-time PCR showed that when the miR-1299 was overexpressed 
could downregulate the expression of STAT3. Data are shown as mean ± SEM. **P<0.01 vs. control group. (G and H) Western blotting and real-time PCR 
showed that when the miR-1299 was inhibited the expression of STAT3 was upregulated. Data are shown as mean ± SEM. **P<0.01 vs. control group.
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could regulate STAT3 (Fig. 2D). In order to confirm our 
hypothesis, we overexpressed or inhibited miR-1299 in 
HCT-116 cells, and then detected the expression of STAT3 
by real-time PCR and western blotting. The results show that 
miR-1299 can negatively regulate the expression of STAT3 
in the protein and RNA levels (Fig. 2E-H).

miR-1299 inhibits the proliferation of colon cancer cells. 
It is well known that STAT3 can regulate cell growth by 
promoting cell proliferation and inhibiting cell apoptosis. 
We used MTT assay to examine the effect of miR-1299 to 
HCT-116 and SW480 cells. With the overexpression or inhi-
bition of miR-1299, we found that miR-1299 can suppress 
the proliferation of HCT-116 cells and SW480 cells (Fig. 3A 

and B). Further, we examined the CDK4 and CDK6 down-
stream proteins of the STAT3 pathway in HCT-116 cells. 
Results showed that the expression of STAT3, STAT3p-Tyr705, 
CDK4 and CDK6 were negatively correlated with the expres-
sion of miR-1299 (Fig. 3C-F). These results were sufficient 
to explain that miR-1299 can inhibit cells proliferation by 
negatively regulating phosphorylation of STAT3, CDK4 and 
CDK6.

miR-1299 promotes apoptosis of colon cancer cells by 
suppressing the STAT3 pathway. STAT3 has been proved to 
be able to promote the growth of tumor cells by inhibiting 
apoptosis. Since miR-1299 can inhibit cell proliferation 
through negative regulation of STAT3, we investigated 

Figure 3. miR-1299 inhibits the proliferation of colon cancer cells by suppressing the STAT3 pathway. (A) HCT-116 cells and SW480 cells were overexpressed 
with miR-1299, cell proliferation was detected by MTT assay. Data are shown as mean ± SEM. (B) HCT-116 cells and SW480 cells were downregulated with 
miR-1299, cell growth was detected by MTT assay. Data are shown as mean ± SEM. (C and D) Western blotting and real-time PCR showed that when the 
miR-1299 was overexpressed the expression of STAT3, CDK4 and CDK6 were downregulated. Data are shown as mean ± SEM. **P<0.01 vs. control group. 
(E and F) Western blotting and real-time PCR showed that when the miR-1299 was inhibited the expression of STAT3, CDK4 and CDK6 were upregulated. 
Data are shown as mean ± SEM. **P<0.01 vs. control group.
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Figure 4. miR-1299 promotes apoptosis of colon cancer cells by suppressing the STAT3 pathway. (A and B) miR-1299 significantly promoted apoptosis 
of cells. When HCT-116 cells were overexpressed or inhibited with miR-1299, apoptosis of HCT-116 cells were detected by Hoechst 33258. (C and D) By 
Annexin V-FITC apoptosis detection, we found that miR-1299 significantly promoted apoptosis of the cells. (E and F) Western blotting and real-time PCR 
showed that when the miR-1299 was overexpressed the expression of STAT3 and bcl-2 was downregulated, however the expression of bax was upregulated. 
Data are shown as mean ± SEM. **P<0.01 vs. control group. (G and H) Western blotting and real-time PCR showed that when the miR-1299 was inhibited the 
expression of STAT3 and bcl-2 were upregulated, however the expression of bax was downregulated. Data are shown as mean ± SEM. **P<0.01 vs. control 
group. (I) The diagram of this study.
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whether miR-1299 can affect cell apoptosis by regulating 
the expression of STAT3. Hochest 33258 staining was used 
to detect whether mi-1299 can affect cell apoptosis by regu-
lating the STAT3 in HCT-116 cells (Fig. 4A and B). Then by 
Annexin V-FITC apoptosis detection we obtained similar  
results (Fig. 4C and D). We found that apoptosis of HCT-116 
cells was stimulated when miR-1299 was overexpressed. On 
the contrary, apoptosis of HCT-116 was obviously decreased 
when the expression of miR-1299 was inhibited. Moreover, 
we found that regardless of the protein level or the RNA level, 
miR-1299 can promote apoptosis of HCT-116 cells by inhib-
iting the phosphorylation of STAT3 (Fig. 4E-H).

These above results confirmed that miR-1299 could inhibit 
the growth of colon cancer cells by regulating the expression 
of STAT3, the phosphorylation level of STAT3 and the expres-
sion of its downstream protein.

Discussion

Signal transducers and activators of transcription (STAT) 
family proteins were found in 1994, they are latent cyto-
plasmic transcription factors (19). STAT3 as a very important 
protein in the STAT family is activated by phosphorylation of 
a tyrosine residue located at position 705. There is convincing 
evidence to show that STAT3 activation plays a critical role 
in the occurrence and development of tumors. Cancer cell 
growth, survival, metastasis, and angiogenesis are closely 
related to the activation of STAT3. Researchers have shown 
that STAT3 could be responsible for cellular transformation 
in NIH3T3 cells and in mouse skin epithelial cells (20). In a 
number of cell types when STAT3 was inhibited the malignant 
transformation was decreased. There is also research showing 
that STAT3 can participate in cellular growth. Sufficient 
evidence shows that the upregulation of cyclin D1, CDK4, 
CDK6 and cMyc are associated with the STAT3 pathway (21). 
STAT3 has also been shown to upregulate the expression of 
PIM1 (22).

In addition to promoting proliferation, STAT3 can also 
achieve the function of promoting cell growth by inhibiting 
apoptosis. The effect of STAT3 on cell apoptosis is through 
regulating the expression of bcl-2, bax, p53, surviving and 
clAP2 (23). Evidence has been provided that STAT3 plays 
a crucial role in cancer metastasis. Several lines of evidence 
strongly implicate that STAT3 can regulate the MMPs 
to play a crucial role in cell metastasis (24-27). There are 
many studies showing that STAT3 can regulate angiogen-
esis of tumors by adjusting the expression of VEGF and 
HIF-1α (28-30).

MicroRNAs are proved to play crucial roles in cancer 
development. There are two main categories of microRNAs 
that are involved in cancer progression, one can enhance cell 
growth, survival, and metastasis, and the other suppressed 
these activities. Several RNA therapeutics, with diverse 
modes of action, are being evaluated in large late-stage 
clinical trials, and many more are in early clinical develop-
ment (31). For example, studies identified that miR-143 and 
miR-145 as the tumor suppressors were downregulated in 
colon cancer. miR-1299 was reported downregulated in many 
cancers and reported to negatively adjust the expression of 
PIM1 (32). Studies showed that miR-1299 may be involved in 

the cellular proliferation and apoptosis. However, there are 
no previous research on the miR-1299 in colon cancer. We 
were the first to find that miR-1299 can target STAT3 and 
suppress the expression of STAT3 then inhibiting the STAT3 
pathway.

In our study, we found that miR-1299 is closely related 
to the occurrence and development of colon cancer. It is 
negatively correlated with the TNM staging of colon cancer, 
and it is closely related to the prognosis of colon cancer. 
Furthermore, the expression of miR-1299 and STAT3 in colon 
carcinoma was negatively correlated. We hypothesized that 
miR-1299 could affect the occurrence and development of 
colon cancer by regulating the expression of STAT3. After a 
series of studies we found that miR-1299 can regulate STAT3. 
miR-1299 inhibited the proliferation of colon cancer cells by 
inhibiting the expression of STAT3, and promoted apoptosis 
of colon cancer cells.

Our findings suggest that overexpression of miR-1299 may 
be considered as a promising strategy for targeted therapies in 
colon cancer.
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