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Introduction

According to relevant statistics, there were about 
50,000 new patients with thyroid cancer (THCA) in 2020. 
(1) Papillary Thyroid Carcinoma (PTC), accounts for 85% 
- 90% of THCA. (2) Although approximately 90% of pa-
tients can be clinically cured by standard treatment, (3) 
nearly 10% of THCA cases have local regional recurrence 
or distant metastasis, which is a major challenge of THCA 
treatment. (4) Due to recurrence and metastasis, the pro-
gnosis of THCA patients is not optimistic. Therefore, it is 
necessary to elucidate the mechanism of THCAoccurrence 
and invasion. 

MicroRNA is a small regulatory RNA, which regulates 
post-transcriptional gene expression. It has been confir-
med to be involved in regulating the cell function of tu-
mor cells. MiR-145, as a tumor suppressor gene, has been 
shown down-regulated in many types of human cancer. It 
plays a crucial role in tumor occurrence, metastasis, pro-
gression, and chemotherapy radiation resistance. (5) It has 
been found that miR-145 is decreased in PTC tissues and 
is correlated with clinicopathological features. (6) Howe-
ver, the mechanism is not clear. This study aimed to ana-
lyze the function of miR-145 in PTC cells and to clarify its 
mechanism of action in the development of PTC.

Materials and Methods

General materials
Cell line: TPC-1 cell line was selected and provided by 

the cell bank of the Chinese Academy of Sciences.
Rab5c shRNA lentiviral vector GV248 was used to tar-

get the RAB5C gene.
Experimental instrument: CO2 cell incubator, provided 

by Shanghai Fuze Trading Co., Ltd. Ultra-low tempera-
ture refrigerator, provided by Shanghai Zoming Machine-
ry Equipment Trading Co., Ltd. The constant temperature 
water bath is provided by Guangzhou Juneng nano Bio-
technology Co., Ltd. Inverted fluorescence microscope, 
was provided by Shanghai Yuyan Scientific Instrument 
Co., Ltd. The low-temperature high-speed centrifuge is 
provided by Promai Precision Medical Technology (Bei-
jing) Co., Ltd. Spectrophotometer, provided by Beijing 
Zeping Technology Co., Ltd. The microplate reader was 
provided by Meigu Molecular Instruments (Shanghai) Co., 
Ltd. PVDF membrane, was provided by Shanghai Jizhi 
Biochemical Technology Co., Ltd. Transwell cell was pro-
vided by Shanghai Yanhui Biotechnology Co., Ltd. Micro-
pipette, provided by Praland (Shanghai) Trading Co., Ltd. 
Desktop centrifuge, provided by Shanghai Fuze Trading 
Co., Ltd. The Western blot experimental equipment was 
provided by Qingdao Feiyoute Testing Co., Ltd.

Experimental reagent: RPMI-1640 cell culture me-
dium, provided by Wuhan purity Biotechnology Co., Ltd. 
Fetal bovine serum, provided by Lanzhou Rongye Bio-
technology Co., Ltd. Qingstreptomycin, provided by Bei-
jing Zeping Technology Co., Ltd. PBS buffer, provided by 
Beijing YITA Biotechnology Co., Ltd. BCA protein quan-
tification kit was provided by Beijing YITA Biotechnology 
Co., Ltd. Poly gel, provided by Beijing YITA Biotechno-
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Method
Cell resuscitation and culture: take out the cells nee-

ded for the experiment from liquid nitrogen, put them in 
a constant temperature water bath at 37℃, melt them, add 
the complete medium into a 15ml centrifuge tube in ad-
vance, mix them well, and centrifuge at room temperature 
at 800rpm for 3min. Discard the supernatant, add 1ml of 
complete medium and mix well. Transfer the liquid into 
a Petri dish or culture plate containing a complete culture 
medium, and put it into a constant temperature incubator 
for further culture.When the observation density is about 
85%, the culture medium is sucked out, washed with PBS 
buffer for one time, and the cell digestion solution is ad-
ded. The cell morphology is observed under the micros-
cope. When most of the cells in the dish become oval, the 
cells are digested and neutralized with a complete medium 
of 3 times the volume of the digestion solution. The cells 
were collected into a 15ml centrifuge tube and centrifuged 
at 800rpm for 5min at room temperature. Add 1ml of com-
plete medium, mix well and transfect cells.

Cell transfection: put the required cells into the culture 
plate or culture dish in advance, and adjust the cell den-
sity to 30% - 40%. Lipofectamine RNAi max transfection 
reagent and required siRNA were prepared in advance 
and placed on ice for dissolution. Take two sterile DNase 
/ RNase free EP tubes and add 120 μ L of empty medium 
and 5 μL transfection reagent and 5 μ Lsirna solution, 
then mix the two tubes of liquid, mix well and incubate at 
room temperature for 10min. Drop the mixed liquid into 
the culture plate and put it back into the constant tempe-
rature incubator for further cultivation. After 6 h, replaced 
medium with fresh complete medium.

Observation index
Luciferase reporter assay: a dual luciferase reporter 

was constructed. And it was transfected into the human 
papillary thyroid carcinoma cell line.

Cell proliferation assay: CCK-8 purchased from Beyo-
time, was performed to detach cell proliferation. 2000TPC-
1 cells/well were seeded on a 96-well plate. After inocu-
lation (24, 48, 72 and 96 h incubation), 10 μL CCK-8 was 
added to wells and measured absorbance at 450 nm.

Transwell cell migration experiment: cultured each 
group cell in a serum-free medium for 1 day. Trypsin diges-
tion, RPMI-1640 cell culture medium was re-suspended 
according to 5×104/well was inoculated into the Transwell 
upper chamber, and 500 μL of complete cell culture me-
dium was added into the lower chamber. Put it into 37 ℃ 

and 5% CO2 incubator for 24h. Take out the upper cham-
ber, fix the cells with 4% methanol for 15min, and rinse 
them with PBS 3 times. Staining with 2% crystal violet for 
15min, and washing with PBS. Observe and photograph 
under the microscope, and count the cell number.

Transwell cell invasion experiment: add 50 μL of dilu-
ted Matrigel gel into each Transwell upper chamber, slow-
ly add it from the edge, and place it in the 37 ℃ incubators 
for 0.5h before solidification. The cells were cultured for 
48h after inoculation. The rest is the same as the Transwell 
cell migration experiment.

Western blot detection: total protein was extracted with 
protein lysate, and it was detached by the BCA method, 
5 × SDS gel was loaded and boiled. Separated protein by 
electrophoresis and transferred to PVDF membrane. 10% 
skim milk was blocked, and incubated 2h (room tempe-
rature). The corresponding concentration of primary anti-
body was added and incubated at 4 ° C overnight. TBST 
washing.Incubatedsecondary antibody. TBST cleaning, 
ECL color development and exposure imaging.β-actin, 
as an internal reference, was used to analyze the relative 
expression levels of other proteins.

Statistical method
The data were analyzed by SPSS20.0 software and ex-

pressed by (x±s). t-test was used for comparison between 
groups; the comparison between groups was χ² Inspection. 
P < 0.05 means the statistical results were statistically si-
gnificant.

Results

Verify that RAB5C is a target gene of miR-145
MiR-145 overexpression significantly decreased the 

luciferase activity of Wt-RAB5C (wild-type RAB5C) 
(P < 0.05). Our results showed that rab5c was a target of 
miR-145.

MiR-145 overexpression downregulated RAB5C pro-
tein and mRNA expression

In Table 2, compared with Mir NC, the miR-145 ove-
rexpression group decreased rab5c mRNA and protein 
levels in the TPC-1 cell line (P < 0.05).

Cell proliferation
MiR-145 overexpression inhibited the TPC-1 cell pro-

liferation (P < 0.05), and there was no significant diffe-
rence between the miR-145 overexpression group and the 
rab5c shRNA group (P > 0.05).

miR-NC miR-145overexpression t P
RAB5C protein 1.03±0.08 0.43±0.06 13.416 0.001
RAB5C mRNA 1.06±0.09 0.53±0.09 9.311 0.001

Table 1. Dual luciferase reporter gene analysis.

miR-NC miR-145overexpression t P
RAB5C protein 1.03±0.08 0.43±0.06 13.416 0.001
RAB5C mRNA 1.06±0.09 0.53±0.09 9.311 0.001

Table 2. The impact of miR-145 overexpression on RAB5C protein and mRNA expression.
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However, the mechanism of action of miR-145 in PTC is 
not understood. 

RAB5C isoforms have been reported to be involved 
in cell invasion, they could regulate RAC-mediated cell 
movement (18) and cohesion (19), promote ovarian carci-
nogenesis, patriciate in drug resistance of ovarian cancer 
regulation (20), promote breast cancer invasion through 
the amap1-prkd2 complex. (21) In this study, miR-145 
potential target genes were predicted by bioinformatics 
software. We confirmed that RAB5C is a potential target 
of miR-145. In addition, miR-145 negatively regulates the 
mRNA and protein expression of RAB5C. Interference 
with RAB5C expression can also inhibit the proliferation 
and invasion of PTC cells.

In recent years, studies have found that MAPK / ERK 
signaling cascade activates various receptors to partici-
pate in the growth and differentiation of malignant tumors. 
For example, in U14 cervical cancer mice, miR-92a sup-
presses immune function by inhibiting PTEN to activate 
MAPK / ERK signaling pathway. (22) Oxyfadichalcone 
C also was confirmed to inhibit the proliferation and 
metastasis of melanoma A375 cells by inhibiting PI3K/
Akt and MAPK/ERK pathways. In hepatocellular carci-
noma, KCNN4 promotes invasion and metastasis through 
MAPK/ERK pathway (23). The results showed that both 
miR-145 overexpression and RNA interference with rab5c 
could increase the expression of the p-ERK protein, and 
decrease the proliferation and invasion of PTC by activa-
ting MAPK / ERK pathway.

In summary, miR-145 inhibits the proliferation and 
invasion of PTC cells by targeting RAB5C and activating 
MAPK / ERK pathway in vitro. This study provides a new 
molecular regulatory mechanism for PTCpathogenesis 
and indicates that miR-145 can be used as an inhibitor for 

Invasion ability
Transwell cell invasion experiment showed that miR-

145 overexpression or rab5c inhibition significantly 
decreased the invasion ability of TPC-1 cells (P < 0.05). 
See Table 4.

Comparison of protein expression related to Akt/β-
catenin signaling pathway in each group of cells 

In TPC-1 cells, both miR-145 overexpression and 
RNA interference with rab5c could increase the expres-
sion of the p-ERK protein (P < 0.05). See Table 5.

Discussion

MiRNAs play a key role in the gene silencing effect 
by binding with target mRNA and are involved in regu-
lating cancer cell proliferation, apoptosis, development, 
stress response and metabolism. (7)MiR-145 is considered 
a tumor suppressor in various types of human cancer (8,9). 
It may regulate tumor be had by targeting c-Myc (10), Mu-
cin-1 (11), and p70S6 kinase (12). Overexpression of miR-
145 enables WNT by directly targeting WNT2B in vitro/ 
β- inactivation of the catenin pathway inhibits cell prolife-
ration and metastases (13). Similarly, miR-145 is downre-
gulated in esophageal squamous cell carcinoma and it is a 
candidate target for tumor suppression (14,15). Functional 
experiments showed that miR-145 was related to the EMT 
process (14). In addition, miR-145 was lower expressed in 
MCF-7 cells, and overexpression of miR-145 blocked the 
growth of MCF-7 cells and induced apoptosis by targeting 
RTKN. (16) Further, p53 can inhibit c-myc by introducing 
miR-145, so miR-145 directly targets c-Myc (17). It also 
has been proved miR-145 is related to PTC tumor diame-
ter, multiple tumors and other clinicopathological features. 

Grouping n 24h 96h t P
miR-NC 5 0.18±0.02 1.32±0.23 11.041 0.001
miR-145 overexpression 5 0.19±0.02 0.53±0.18a 4.197 0.003
Control-shRNA 5 0.19±0.03 1.28±0.22 10.977 0.001
RAB5C -shRNA 5 0.18±0.03 0.49±0.16a 4.258 0.003

Table 3. The impact of miR-145and RAB5C on PTC cell proliferation.

Note: Compared with the respective control group, aP<0.05.

Grouping n Number of migrating cells Number of invading cells
miR-NC 5 540±38 1168±86
miR-145 overexpression 5 257±34a 854±42a

Control-shRNA 5 554±36 1147±73
RAB5C -shRNA 5 238±30a 786±52a

Table 4. Transwell cell invasion experiment results. Decreasing the invasion ability of TPC-1 cells by 
miR-145 overexpression or rab5c inhibition.

Note: Compared with the respective control group, aP<0.05.

Table 5. Expression levels of MAPK / ERK signaling pathway-related proteins.

Grouping n p-ERK t-ERK p-ERK/t-ERK
miR-NC 5 0.48±0.13 1.06±0.17 0.45±0.15
miR-145overexpression 5 0.85±0.11a 0.95±0.14 0.89±0.16a

Control-shRNA 5 0.53±0.10 1.04±0.16 0.47±0.11
RAB5C -shRNA 5 0.98±0.13a 0.88±0.14 1.11±0.17a

Note: Compared with the respective control group,aP<0.05.
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PTC.

Conflicts of interests
The authors state no conflicts of interest in this study. 

Acknowledgements
None.

References 

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Can-
cer J Clin 2019; 69:7–34.

2. Santiago K, Chen Wongworawat Y, Khan S. Differential Mi-
croRNA-signatures in thyroid cancer subtypes. J Oncol 2020; 
2020:2052396.

3. Park H, Park J, Park SY, Kim TH, Kim SW, Chung JH. Clinical 
course from diagnosis to death in patients with well-differentiated 
thyroid cancer. Cancers (Basel) 2020; 12:2323.

4. Pelizzo MR, Merante Boschin I, Toniato A, Pagetta C, Casal Ide 
E, Mian C, Rubello D. Diagnosis, treatment, prognostic factors 
and long-term outcome in papillary thyroid carcinoma. Minerva 
Endocrinol. 2008 Dec;33(4):359-79. PMID: 18923371.

5. Li Q, Yu X, Yang L. MiR-145 inhibits cervical cancer progression 
and metastasis by targeting WNT2B by Wnt/β-catenin pathway. 
Int J Clin Exp Pathol 2019 Oct 1; 12(10): 3740-3751. PMID: 
31933762; PMCID: PMC6949761.

6. Azizi Dargahlou, S., Iriti, M., Pouresmaeil, M., Goh, L. P. W. Mi-
croRNAs and their therapeutic and biomarker properties. Cell Mol 
Biomed Rep 2022; (): -. doi: 10.55705/cmbr.2022.365396.1085.

7. Dong S, Xue S, Sun Y, Han Z, Sun L, Xu J, Liu J. MicroR-
NA-363-3p downregulation in papillary thyroid cancer inhibits 
tumor progression by targeting NOB1. J Investig Med. 2021 
Jan;69(1):66-74. doi: 10.1136/jim-2020-001562. Epub 2020 Oct 
19. PMID: 33077486; PMCID: PMC7803892.

8. Chiyomaru T, Enokida H, Tatarano S, Kawahara K, Uchida Y, 
Nishiyama K, Fujimura L, Kikkawa N, Seki N, Nakagawa M. 
miR-145 and miR-133a function as tumour suppressors and di-
rectly regulate FSCN1 expression in bladder cancer. Br J Cancer. 
2010 Mar 2;102(5):883-91. doi: 10.1038/sj.bjc.6605570. Epub 
2010 Feb 16. PMID: 20160723; PMCID: PMC2833258.

9. Wu H, Xiao Z, Wang K, Liu W, Hao Q. MiR-145 is downregu-
lated in human ovarian cancer and modulates cell growth and 
invasion by targeting p70S6K1 and MUC1. Biochem Biophys 
Res Commun. 2013 Nov 29;441(4):693-700. doi: 10.1016/j.
bbrc.2013.10.053. Epub 2013 Oct 21. PMID: 24157791.

10. Zhang W, Wang Q, Yu M, Wu N, Wang H. MicroRNA-145 
function as a cell growth repressor by directly targeting c-Myc 
in human ovarian cancer. Technol Cancer Res Treat. 2014 
Apr;13(2):161-8. doi: 10.7785/tcrt.2012.500367. Epub 2013 Aug 

2. PMID: 23919393.
11. Sachdeva M, Mo YY. MicroRNA-145 suppresses cell invasion 

and metastasis by directly targeting mucin 1. Cancer Res 2010, 
70(1): 378.

12. Xu Q, Liu LZ, Qian X, Chen Q, Jiang Y, Li D, Lai L, Jiang 
BH. MiR-145 directly targets p70S6K1 in cancer cells to inhi-
bit tumor growth and angiogenesis. Nucleic Acids Res. 2012 
Jan;40(2):761-74. doi: 10.1093/nar/gkr730. Epub 2011 Sep 14. 
PMID: 21917858; PMCID: PMC3258133.

13. Li Q, Yu X, Yang L. MiR-145 inhibits cervical cancer progression 
and metastasis by targeting WNT2B by Wnt/β-catenin pathway. 
Int J Clin Exp Pathol 2019 Oct 1;12(10): 3740-3751.

14. Wang X, Shuang T, Le S Y, et al. Aberrant Expression of Onco-
genic and Tumor- Suppressive MicroRNAs in Cervical Cancer 
Is Required for Cancer Cell Growth. PLoS ONE 2008; 3: e2557.

15. Kano M, Seki N, Kikkawa N, et al. miR-145, miR-133a and miR-
133b: Tumor-suppressive miRNAs target FSCN1 in esophageal 
squamous cell carcinoma. Int J Cancer 2010; 127(12): 2804–2814.

16. Wang S, Bian C, Yang Z, et al. miR-145 inhibits breast cancer cell 
growth through RTKN. Int J Oncol 2009; 34:1461–6.

17. Sachdeva M, Zhu S, Wu F, Wu H, Walia V, Kumar S, Elble R, 
Watabe K, Mo YY. p53 represses c-Myc through induction of the 
tumor suppressor miR-145. Proc Natl Acad Sci U S A 2009; 106: 
3207–3212.

18. Chen PI, Kristine S, Chen K, et al. Rab5 Isoforms Orchestrate a 
"Division of Labor" in the Endocytic Network; Rab5C Modulates 
Rac-Mediated Cell Motility. Plos One 2014; 9(2): e90384.

19. Ulrich F, Krieg M, Sch?Tz E M , et al. Wnt11 Functions in Gastru-
lation by Controlling Cell Cohesion through Rab5c and E-Cadhe-
rin. Dev Cell 2005; 9(4): 555-564.

20. Jin L, Huo Y, Zheng Z, Jiang X, Deng H, Chen Y, Lian Q, Ge 
R, Deng H. Down-regulation of Ras-related protein Rab 5C-de-
pendent endocytosis and glycolysis in cisplatin-resistant ovarian 
cancer cell lines. Mol Cell Proteomics. 2014 Nov;13(11):3138-
51. doi: 10.1074/mcp.M113.033217. Epub 2014 Aug 5. PMID: 
25096996; PMCID: PMC4223497.

21. Tan YS, Kim MJ, Kingsbury TJ, et al. Regulation of RAB5C Is 
Important for the Growth Inhibitory Effects of MiR-509 in Hu-
man Precursor-B Acute Lymphoblastic Leukemia. Plos One 2014; 
9(11): e111777.

22. Li ZH, Li L, Kang LP, et al. MicroRNA-92a promotes tumor 
growth and suppresses immune function through activation of 
MAPK/ERK signaling pathway by inhibiting PTEN in mice bea-
ring U14 cervical cancer. Cancer Med 2018; 7(7): 3118–3131.

23. Li QT, Feng YM, Ke ZH, Qiu MJ, He XX, Wang MM, Li YN, Xu 
J, Shi LL, Xiong ZF. KCNN4 promotes invasion and metastasis 
through the MAPK/ERK pathway in hepatocellular carcinoma. 
J Investig Med. 2020 Jan;68(1):68-74. doi: 10.1136/jim-2019-
001073. Epub 2019 Aug 19. PMID: 31431469.


