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Abstract
Background

Calponin was �rst de�ned as a striated muscle troponin T-like protein that binds actin thin �laments to
regulate smooth muscle contraction. There are few studies of CNN1 and CNN2 in colorectal cancer, and
the roles these two genes play in colorectal cancer cell lines and the mechanisms by which they act are
unknown.

Methods

We used immunohistochemistry to identify expression of the two genes in the cancer tissues. RT-PCR
was used to measure expression levels of microRNA. W performed western blots to measure changes in
signaling pathways in the context of expression interference.Meanwhile, the same method was used to
measure binding relationship between the two genes and key pathway proteins. To determine the
relationship between microRNA and gene mRNA, we used the reporter gene method. We used the chi-
square and t-test methods to analyze the signi�cance and correlations of the data.

Results and conclusions

Expression levels of CNN1 were lower in colon cancer tissues than in normal mucosal tissues. After
downregulating CNN1, the cell cycle in colon cancer cell lines progressed quickly, and the expression of
related pathway proteins also increased. Expression levels of CNN2 were higher in colon cancer tissues,
and its downregulation signi�cantly inhibited cell cycle progression in colon cancer cell lines. We
con�rmed correlations between the expression of microRNA and CNN2 using data analysis.Bars indicate
± standard errors.*p < 0.05; **p < 0.01 compared with the control. The inhibition of the expression of
CNN2 mRNA using microRNA was con�rmed using western blot. The combination of the two at the
mechanism level was also demonstrated using the reporter gene method.

Background
MicroRNAs play fundamental roles in regulation of several cancer, despite the fact that they are too small
to code for proteins. Uses of microRNA in colorectal cancers include diagnosis, outcome prediction, and
(in the future) therapeutic guidance [1]. Many investigators test expression levels of microRNA and its
tissues, distinguishing cancer tissues from normal tissues; nevertheless, this may be su�cient to explain
the underline mechanisms of microRNA in cancer progression [2]. In the present study, we adopted
several approaches to determine how microRNAs participate in regulation of colorectal cancers as has
been done in other cancers [3-7].

Calponin is a striated muscle troponin T-like protein that binding actin thin �laments to regulate smooth
muscle contraction [8]. It is a protein of 34–37 kDa (292–330 amino acids), expressed in both smooth
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muscle and many non-muscle cell types, where it functions as an inhibitor of actin-activated myosin
ATPase [9].

We chose CNN1 (calponin isoform 1) and CNN2 (calponin isoform 2) to study calponin protein family
members in colorectal cancer; these genes may turn out to regulate other cancers as well [10–11]. We
used various methods and materials to demonstrated role of calponin protein family members in
colorectal cancer cell lines.

Material And Methods
Patients and cell lines

We selected 200 patients with colorectal cancer from 2017 to 2019 at the Proctology Department,
A�liated Hospital of Youjiang. None of these patients received radiotherapy or chemotherapy prior to
surgery. After the tumors were excised, they were sent to an independent pathology laboratory for testing.
According to the international tumor guidelines, the tumors were staged, para�n samples were prepared
and stored in liquid nitrogen. The study was reviewed by the ethics committee on clinical trials and basic
trial research of the proctology department at the A�liated Hospital of Youjiang. The colorectal cancer
cell lines and normal mucosal epithelial cell lines mentioned in this paper were purchased from Shanghai
Cell Bank.

Cell culture and transfection

Five cell lines are selected to be cultured in RPMI 1640 and 20% fetal calf serum. After 3 to 4 passages,
the cells were fully expanded and the density was uniform and not stacked. Cells grown in �asks were
exposed to trypsin and seeded into six-well plates (Corning) to a density of about 50% prior to addition of
transfection reagents. These reagents included two microRNA mimics and inhibitors, and two gene
silencing reagents (iRNA), all of which are purchased from jima gene. The subsequent plasmids were
purchased from OriGene, and the transfection reagent Lipo3000 was purchased from Thermo Fisher
Scienti�c. After the cells are expanded to about 50% of the plate area, transfection reagents, including
Lipo3000 and iRNA or plasmids, were added evenly. After culturing for 48 hours, the cells were collected
into centrifuge tubes, stored frozen or used for machine detection. We chose the mimic and inhibitor of
iRNA and microRNA in HCT-116 cells with high expression of both genes to explore the role of these two
genes and microRNA. We then used the relatively low expression of HT29 cell line. A rescue experiment
was carried out by upregulating the expression of genes using plasmids.

Immunohistochemistry

From the resected tumors of patients with colorectal cancer, thin para�n sections were prepared, heated
in a 70 °C oven for 2 hours, and then dewaxed (xylene-pure ethanol, 75% ethanol for 30 minutes each).
Sections were processed according the instructions of the Maixin-Bio reagent immunohistochemistry kit.
We added solution A (catalase) dropwise to eliminate non-atopic staining (30 minutes), rinsed with PBS
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three times and incubated with solution B (Ultra V Block) for about 30 minutes, then added primary
antibody, and stored at 4 °C overnight. The following day, we rinsed with PBS solution 3 times, incubated
with solution C (Primary Antibody Enhancer) for about 15 minutes, rinsed with PBS solution 3 times, and
incubated with solution D (enzyme labeled secondary antibody) for about 15 minutes. DAB chromogenic
solution was stained for 5 minutes. Then concentrated hydrochloric acid was applied for 6 seconds,
hematoxylin was stained for 5 minutes, and alkaline water was added to turn blue for 3 minutes. After
�nal dehydration (75% ethanol-pure ethanol-xylene for 30 minutes each), the seals were retained.

We observed the stained sections under a light microscope. After selecting the �eld of view, according to
the staining intensity, we classi�ed the sections as follows: strong, 3 points; strong, 2 points; weak, 1
point; and none, 0 points. Evaluation of the range of staining was as follows: 100%–75%, 4 points; 74%–
50%, 3 points; 49%–25%, 2 points; 24%–0%, 1 point. Those with total scores greater than or equal to 6
points were judged as showing strong expression.

Cell cycle

After 48 hours, the cells transfected with iRNA or plasmids and were trypsinized into centrifuge tubes,
rinsed 3 times with PBS, and transferred to cell cycle staining solution (PI), protected from light at 37 °C
for 30 minutes, and then placed in the cytometer for measurement. The results were analyzed using
software. Cell cycle reagent stains were purchased from Thermo Fisher Scienti�c.

Western blot and co-immunoprecipitation

After culturing the cells that had been cultured for 48 hours in PBS, we washed them three times, and then
incubated in RIPA for 30 minutes on ice. After centrifugation, we removed the supernatants and tested
cells on a microplate reader to quantify them against protein standards. After con�guring the
electrophoresis gel, we dropped the samples into wells of the gel plate at the same volume (30 µl) one by
one, and started the electrophoresis to the loading mark to the bottom of the gel plate, then cut the gel
according to the markers and transferred them onto PVDF membranes.

Subsequently, the membranes were rinsed three times with TBST solution (Thermo Fisher Scienti�c), and
the primary antibody was incubated overnight at 4 °C. After washing three times with TBST solution,
rabbit secondary antibody was added and incubated at room temperature for 2 hours. After washing
thoroughly, we added luminescent solution (Thermo Fisher Scienti�c) to an ECL luminometer (Bio-Rad)
for measurement.

For co-immunoprecipitation experiments, luminescence measurement was performed as described
above. For sample preparation, we used 30 µl of magnetic beads (Thermo Fisher Scienti�c) that had been
bound to speci�c antibody in the supernatants after complete lysis, and then mixed on the machine and
stored at 4 °C overnight. We discarded the supernatants and retained the magnetic beads. After washing
the TBST solution, we add the loading solution and boiling water to separate the protein on the magnetic
beads, and then performed protein electrophoresis according to the steps described above.
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Real time PCR

TRIzol reagent (Takara Bio, Shiga, Japan) was used to isolate total RNA from frozen cancer tissues. We
added 1 ml of TRIzol reagent and 300 µl of chloroform to the tissue, mixed, and then centrifuged at
10,000 rpm for 15 minutes. Next, an equal volume of isopropanol was added to the supernatants, and the
samples were centrifuged again at 10,000 rpm for 15 minutes. The supernatants were discarded and the
precipitate was washed with 1 ml of 75% ethanol. Next, we reverse transcribed the extracted RNA
according to the manufacturer's instructions (Takara). Then, we designed ampli�cation primers for the
messenger microRNA based on the speci�c sequence (Shanghai, China). The expression of mature
microRNA was measured using the Dice real-time system II thermal cycler under the following conditions:
95 °C for 30 s; 45 cycles, 95 °C for 5 s; and 60 °C for 60 s; �nally, we performed melting curve analysis.
The relative expression of microRNA was normalized to the expression of glyceraldehyde 3-phosphate
dehydrogenase mRNA, and the fold-change in expression was calculated using the 2ΔΔCt method.
Compared with adjacent non-tumor tissues, we de�ned negative values as the relatively low expression of
microRNA, and positive values as relatively high expression microRNA in colorectal cancer.

Dual-luciferase reporter assay

For the dual-luciferase reporter assay, the 3’-UTR of the CNN1 and CNN2 mRNA and mutant CNN1 and
CNN2 mRNA were synthesized and inserted into pMIR‐REPORT Luciferase plasmids (OBIO, Shanghai,
China). The binding points of the wild-type CNN1 and CNN2 mRNA predicted using software and the
microRNAs were identi�ed in the �gure below. Human 293 cells were cultured in 6-well plates, and when
they were nearly 30% con�uent, they were cotransfected with the pMIR-REPORT luciferase-CNN1, CNN2
(0.4 µg) or pMIR-REPORT-MT-CNN1 and CNN2 (0.4 µg) plasmid, the pRL-TK luciferase reporter
(100 ng/well) and the microRNA-140-3p mimic (25 nmol/L) or mimic-NC (25 nmol/L) using
Lipofectamine 3000 (Invitrogen). Twenty-four hours later, the cells were harvested, and luciferase
activities were measured using a Varioskan Flash System (Thermo Fisher Scienti�c). Each experiment
was performed three times.

Statistical analysis

Tumor-related information and immunohistochemical scores were evaluated using χ2 tests, and
expression levels of mRNA and protein were compared using the independent sample T test after
obtaining quantitative data. P-values less than 0.05 were considered signi�cant. All data analyses were
performed using SPSS 17.0.

Results
High expression levels of CNN2 and low-expression levels of CNN1 were detected in colon cancer tissues

After sectioning, 200 paired colon cancer tissues were tested using immunohistochemistry. In 84 cancer
tissues, there were higher expression levels of CNN1 than in others; 113 cancer tissues were characterized
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by upregulated CNN2 expression with respect to with normal tissues, suggesting that CNN1 and CNN2
may play roles in development of colorectal cancer (Table 2, Figure 1). We also tested protein and RNA
expression levels of the two genes in colorectal cancer cell lines and normal mucosal tissues (Figure 2).
Our �ndings suggested a basis for a gene intervention study to select relevant cell lines.

Correlation between clinical data analysis or protein expression analysis and CNN1 and CNN2

Ki67 and p53 are cancer-associated proteins [12-15]. We used immunohistochemistry to measure Ki67
and p53 expression in colon cancer tissues (200 samples). We found that when CNN1 was expressed at
lower levels in cancer tissues, Ki67 expression levels in colon cancer tissues were higher (p = 0.002),while
levels of p53 expression were lower (p = 0.000). By contrast, when CNN2 was expressed at higher levels,
expression levels of p53 in colon cancer tissues were lower (p=0.002), while Ki67 expression levels were
higher (p = 0.007). The de�nitions of “high” and “low” are described above (Table 1, Figure 3).

Table 1. Correlation between p53 and Ki67 expression and CNN1 and CNN2 analysis

Parameter CNN1 P value CNN2 P-value

low high low high

p53 Low 76 6 0.000 25 57 0.002

High 40 78 62 56

Ki67 Low 67 66 0.002 67 66 0.007

High 49 18 20 47

 

Next, we used statistical analysis to determine relationships between clinical data and CNN1 and CNN2
expression levels. We found a negative correlation of CNN1 expression with tumor size (p = 0.000) and T
stage (p = 0.006). For CNN2, only T stage (p = 0.002) was positively related with high expression levels of
CNN2. No other clinical data showed signi�cance with respect to CNN1 or CNN2 expression levels (Table
2).

Table 2. Clinical data analysis with CNN1 and CNN2 expression
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Parameter CNN1 P value CNN2 P-value

low high low high

Age (year) < 65 58 37 0.474 36 59 0.154

≥65 58 47 51 54

Gender Male 59 39 0.568 40 58 0.478

female 57 45 47 55

T stage 1 6 15 0.006 12 9 0.002

2 27 27 29 25

3 56 29 39 46

4 27 13 7 33

N stage 0 35 27 0.331 26 36 0.820

1 54 31 36 49

2 27 26 25 28

M stage 0 55 38 0.872 41 52 0.887

1 61 46 46 61

Differentiation poor 24 22 0.612 17 29 0.573

medium 43 27 31 39

well 49 35 39 45

Tumor size(cm) < 5 34 60 0.000 42 52 0.776

≥5 82 24 45 61

 

Expression of upstream microRNA �ltered has fundamental signi�cance for CNN1 and CNN2 expression

Filtered from data groups, mir-939-5p and mir-4492 were identi�ed using PCR. All 200 paired colon cancer
tissue expression levels of mir-939-5p and mir-4492 were compared with CNN1 and CNN2 protein
expression (de�ned above). Mir-939-5p and mir-4492 expression negatively correlated with CNN1
expression. Mir-939-5p and mir-4492 expression signi�cantly negatively correlated with CNN2 expression
(Table 3). These �ndings suggest that mir-939-5p and Mir-4492 may participate in upstream regulation
CNN1 and CNN2 in colon cancer.

Table 3. MiRNA analysis of CNN1 and CNN2 expression
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Parameter Mir-939-5p Mir-4492

t Χ ± σ P value t Χ ± σ P-value

CNN1 LOW -4.285 -0.695±4.824 0.000 -5.843 -1.808±5.977 0.000

HIGH 2.205±4.582 2.868±4.996

CNN2 LOW 2.771 1.605±4.548 0.006 3.483 1.803±5.976 0.001

HIGH -0.310±5.061 -1.113±5.791

 

Regulation e�ciency detection in colon cell lines

All colon cell lines were tested using PCR and western blot. Mir-939-5p, mir-4492, CNN1 and CNN2
expression are shown in Figure. The genes we identi�ed were highly expressed in the HCT-116 colon
cancer cell line, so we chose to conduct interference experiments in this cell line to downregulate protein
expression of the two genes. MicroRNA interferes with gene transcription and thereby affects protein
expression; for this reason, we also chose to conduct the microRNA interference test in the HCT-116 cell
line that showed high gene expression. The SW480 cell line showed lower protein expression levels;
therefore, we performed the rescue test using by plasmids in this cell line. We measured gene expression
in these cell lines after iRNA interference using western blot (Figure 4).

MicroRNA (negative) and CNN1 (negative) or CNN2( positive) regulate colon cancer cell lines via the cell
cycle

Mir-939-5p and mir-4492 mimics, added to cancer cell lines, arrested the cell cycle and decreased the
speed of growth. Conversely, mir-939-5p and mir-4492 inhibitors promoted colon cancer cell lines in terms
of the cell cycle and accelerated the speed of growth. Using CNN2-silencing iRNA, we tested the results of
microRNA mimics. CNN1 silencing promoted colon cancer cell cycle progression. Taken together, these
results suggest that CNN2 promoted cancer progress, while microRNA and CNN1 had the opposite effect
(Figure 5). 

MicroRNAs regulate p53 and KI67 expression in cell lines through CNN1 and CNN2

Expression levels of p53 were upregulated after silencing CNN2, while Ki67 was downregulated,
suggesting that CNN2 may be upstream of p53 and Ki67. When we knocked out CNN1 alone, we obtained
the opposite result. We found that mir-939-5p and mir-4492 mimics decreased expression levels of CNN2
and Ki67; p53 expression was enhanced. Using mir-939-5p and mir-4492 inhibitors, we obtained the
opposite results as seen on western blot (Figure 6).

RAS signal pathways are also activated by regulated CNN1 and CNN2
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RAS is a fundamental protein in colon cancer [16-18]. Silencing CNN2 downregulated expression levels of
K-ras and cyclin D1 proteins. The same results were obtained with mir-939-5p and mir-4492 mimics
regulation. Mir-939-5p and mir-4492 inhibitors reversed K-ras and cyclin D1 expression in colon cancer
cell lines. While silencing CNN1, we found that K-ras expression was highly stimulated (Figure 6).

CNN2 plasmids reverse the effect of microRNA

CNN1 and CNN2 plasmids were purchased from OriGene. We added plasmids (CNN1 and CNN2) and
microRNA mimics together to interact with colon cancer cell lines. We found that plasmids (CNN2) both
reversed the effects of mir-939-5p and mir-4492 mimics (Figures 4, 7).

Mir-939-5p and Mir-4492 regulates colon cancer cells by interacting CNN2, which targets the p53 signal
pathway directly

Fluorescein reporter genes were used to determine the relationship between mir-939-5p and mir-4492 and
proteins (CNN1 and CNN2). We found that mir-939-5p and Mir-4492 downregulated the luciferase signal
(CNN2), while CNN1 was not suppressed, suggesting that mir-939-5p and mir-4492 regulate CNN2 protein
expression directly (Figure 8). We also wanted to know the downstream proteins, with which CNN1 and
CNN2 interacted in colon cancer cell lines. To accomplish this, we used co-immunoprecipitation to
measure the relationship between p53 and K-ras and CNN1 and CNN2 (Figure 9). CNN2 co-
immunoprecipitated with p53 and Ras proteins. These results suggest that mir-939-5p and mir-4492
interact in colon cancer cell lines via CNN2, and that CNN1 and CNN2 regulate cell lines by targeting the
p53 signal pathway.

Conclusion
In this experiment, we explored the mechanism of action of two MicroRNA and CNN1 and CNN2 in
intestinal cancer cell lines and patient cancer tissues. CNN1 acts as a factor that inhibits cancer
development, inhibits intracellular P53 signaling pathway and regulates colorectal cancer cell lines. Cycle
progress. CNN2, as an important protein that promotes the development of cancer, promotes the cycle
progression of colorectal cancer cell lines. MicroRNA-939-5p and MicroRNA-4492 can directly regulate the
expression level of CNN2 protein mRNA, thereby triggering the signaling pathway and cycle changes of
colorectal cancer cell lines.

Discussion
Colorectal cancer is the third most common cancer in men and second most common cancer in women
worldwide [19]. With earlier testing and systematic treatment, 90% patients with colorectal cancer can be
prevented [20]. In the context of such research, we hope to contribute to the diagnosis of colorectal
cancer. Because microRNA and calponin have been studied in cancer tissues before, we turned our
attention to the underlying stimuli that interact with protein signal pathways and guide diagnosis and
prediction of colorectal cancer.
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CNN1 suppresses several cancers, including ovarian cancer, by interfering with initiation and progression
[10, 21]. In hepatocellular carcinoma cells, CNN1 inhibited invasion and migration, suggesting that CNN1
suppresses several solid tumors [22]. in the present study, we found that CNN1 inhibits growth of
colorectal cancer cell lines by interacting with the p53 and Ras signal pathways. CNN1 silencing also
promoted cell cycle progression in colorectal cancer, consistent with �ndings of previous CNN1 studies in
other solid tumors.

CNN2 is an actin �lament-associated regulatory protein that is closely associated with cell proliferation
and migration [23, 24]. As reported previously, when regulated by microRNA-296-5p, CNN2 interacted
progression of hepatocellular carcinoma cell lines. CNN2 silencing in gastric cancer arrested cancer
growth [25]. As in previous studies, we found that CNN2 silencing inhibited cell cycle progression, and
downregulate the p53 and RAS signaling pathways. We found that microRNA-939-5p and microRNA-4492
slightly downregulated CNN2 expression and the effect of CNN2. To demonstrate the direct targeting of
microRNA to CNN2, we conducted a rescue experiment, and found that the CNN2 plasmid strongly
reversed the effect of microRNA.

It was reported that lncRNA LINC00460 promoted colorectal cancer cells metastasis via microRNA-939-5p
sponging [26]. We found that microRNA-4492 suppressed several cancer tissues as in previous studies. In
the present study, we found that microRNA-939-5p and microRNA-4492 slightly downregulated CNN2
expression and progression.

Cyclin D1, a cell cycle promoter, was downregulated by silencing CNN1 and CNN2, explaining that why
cell cycle was arrested [27, 28]. the K-ras and p53 signal pathways play important roles in colorectal
cancer cell lines, as reported in many solid cancers [29–34]. We found that the p53 signal pathway was
suppressed by upregulating CNN2 or silencing CNN1, which interacted with cyclin D1, arresting the cell
cycle. The RAS signal pathway was activated by upregulating CNN2 or silencing CNN1, which stimulated
the ERK-related signal pathway, promoting proliferation of colorectal cancer cell lines. Taken together,
these results suggest that micro-939-5p and microRNA-4492 may suppress proliferation of colorectal
cancer cell lines by targeting CNN2, and by interacting with the p53 and RAS signal pathways.

Declarations
Ethics approval and consent to participate

The Ethics Committee of the Proctology Department, A�liated Hospital of Youjiang approved the
research project and analysis of the patient specimens for this study.

Consent for publication

Not applicable

Availability of data and materials



Page 12/21

Please contact the corresponding author for data requests.

Funding

This study did not receive any funding.

Competing interests

The authors have no competing interests.

Informed consent

All patients have signed an informed surgical consent before surgery. Informed consent includes the
possibility of using patient specimens for clinical trial research, and promises to keep patient information
and privacy completely con�dential.

Author' Contribution

The researchers have a clear division of labor and outstanding contributions. As co-�rst authors, fuda
wang and weiming wei participated in the experiment design and thought guidance, and anmin wang, ya
zhang, zebang qin, and yi wu participated in the experiment implementation and data collection. Hua li
and junyu gou participated in the writing and revision of the article. As co-corresponding authors, jian pu
and houji guo participated in the overall arrangement and funding of the entire experimental idea.

References
1. Zhang J , Raju G S ,  Chang D W , et al. Global and targeted circulating microRNA pro�ling of

colorectal adenoma and colorectal cancer[J]. Cancer, 2018, 124.

2. Clancy C , Joyce M R ,  Kerin M J . The use of circulating microRNAs as diagnostic biomarkers in
colorectal cancer[J]. Cancer biomarkers: section A of Disease markers, 2014, 15(2):103-13.

3. Yuan L , Yuan P ,  Yuan H , et al. miR-542-3p inhibits colorectal cancer cell proliferation, migration
and invasion by targeting OTUB1[J]. American Journal of Cancer Research, 2017, 7(1):159-172.

4. Zhang P , Zuo Z ,  Wu A , et al. miR-600 inhibits cell proliferation, migration and invasion by targeting
p53 in mutant p53-expressing human colorectal cancer cell lines[J]. Oncology Letters, 2017.

5. Wang H , Wu J ,  Meng X , et al. MicroRNA-342 inhibits colorectal cancer cell proliferation and
invasion by directly targeting DNA methyltransferase 1[J]. Carcinogenesis, 2011, 32(7):1033.

�. Yuan Q , Cao G ,  Li J , et al. MicroRNA-136 inhibits colon cancer cell proliferation and invasion
through targeting liver receptor homolog-1/Wnt signaling[J]. Gene, 2017, 628:48-55.

7. Wu M , Zhang Y ,  Tang A , et al. miR-506 inhibits cell proliferation and invasion by targeting TET
family in colorectal cancer[J]. Iranian Journal of Basic Medical Science, 2016, 19(3):316-322.

�. Takahashi K , Hiwada K ,  Kokubu T . Isolation and characterization of a 34000-dalton calmodulin-
and F-actin-binding protein from chicken gizzard smooth muscle[J]. Biochemical and Biophysical



Page 13/21

Research Communications, 1986, 141(1):0-26.

9. Liu R , Jin J P . Calponin isoforms CNN1, CNN2 and CNN3: Regulators for actin cytoskeleton
functions in smooth muscle and non-muscle cells[J]. Gene, 2016:S0378111916301238.

10. Lin Z Y , Chuang W L . Genes responsible for the characteristics of primary cultured invasive
phenotype hepatocellular carcinoma cells[J]. Biomedicine & Pharmacotherapy, 2012, 66(6):454---458.

11. Kang X , Wang F ,  Lan X , et al. Lentivirus-mediated shRNA Targeting CNN2 Inhibits
Hepatocarcinoma in Vitro and in Vivo[J]. International journal of medical sciences, 2018, 15(1):69-76.

12. N?pel-Dünnebacke, S, Schulmann K ,  Reinacher-Schick A , et al. Prognostic value of microsatellite
instability and p53?expression in metastatic colorectal cancer treated with?oxaliplatin and
�uoropyrimidine-based chemotherapy[J]. Zeitschrift für Gastroenterologie, 2014, 52(12):1394-1401.

13. Schulmann, K, Reinacher-Schick, et al. Prognostic value of microsatellite instability and p53
expression in metastatic colorectal cancer treated with oxaliplatin and �uoropyrimidine-based
chemotherapy[J]. Zeitschrift fur Gastroenterologie, 2014.

14. Yang Y , Li J ,  Jin L , et al. Independent Correlation Between Ki67 Index and Circulating Tumor Cells
in the Diagnosis of Colorectal Cancer[J]. Anticancer research, 2017, 37(8):4693-4700.

15. Li P , Xiao Z T ,  Braciak T A , et al. Association between Ki67 Index and Clinicopathological Features
in Colorectal Cancer[J]. Oncology Research and Treatment, 2016, 39(11):696-702.

1�. Sammoud S , Khiari M ,  Semeh A , et al. Relationship Between Expression of ras p21 Oncoprotein
and Mutation Status of the K-ras Gene in Sporadic Colorectal Cancer Patients in Tunisia[J]. Applied
Immunohistochemistry & Molecular Morphology, 2012, 20(2):146-152.

17. Ciliberto D , Staropoli N ,  Caglioti F , et al. The best strategy for RAS wild-type metastatic colorectal
cancer patients in �rst-line treatment: A classic and Bayesian meta-analysis[J]. Critical Reviews in
Oncology/Hematology, 2018, 125:69-77.

1�. Leila H , Fatemeh K ,  Ghayoor K E , et al. Common, KRAS, and, NRAS, Gene Mutations in Sporadic
Colorectal Cancer in Northeastern Iranian Patients[J]. Current Problems in Cancer,
2018:S0147027218300382-.

19. Torre L A , Bray F , Siegel R L , et al. Global cancer statistics, 2012[J]. CA: A Cancer Journal for
Clinicians, 2015, 65(2).

20. Canadian Cancer Society's Advisory Committee on Cancer Statistics . Canadian Cancer Statistics
2015.Toronto: ON: Canadian Cancer Society; 2015.

21. Yamane T , Asanoma K ,  Kobayashi H , et al. Identi�cation of the Critical Site of Calponin 1 for
Suppression of Ovarian Cancer Properties.[J]. Anticancer Research, 2015, 35(11):5993.

22. Drew J E , Farquharson A J ,  Dieter M C , et al. Predictive Gene Signatures: Molecular Markers
Distinguishing Colon Adenomatous Polyp and Carcinoma[J]. PLoS ONE, 2014, 9(11):e113071-.

23. Moazzem H M , Daw-Yang H ,  Qi-Quan H , et al. Developmentally regulated expression of calponin
isoforms, and the effect of h2-calponin on cell proliferation[J]. American Journal of Physiology-Cell
Physiology, 2003, 284(1):C156-C167.



Page 14/21

24. Tang J , Hu G ,  Hanai J I , et al. A Critical Role for Calponin 2 in Vascular Development[J]. Journal of
Biological Chemistry, 2006, 281(10):6664-6672.

25. Hu J , Xie W ,  Shang L , et al. Knockdown of calponin 2 suppressed cell growth in gastric cancer
cells[J]. Tumor Biology, 2017, 39(7):101042831770645.

2�. Yueyan, Zhang, Xingchi, et al. lncRNA LINC00460 promoted colorectal cancer cells metastasis via
miR-939-5p sponging.[J]. Cancer management and research, 2019.

27. Elgendi S , Abusheasha G . Ki-67 and Cell Cycle Regulators p53, p63 and cyclinD1 as Prognostic
Markers for Recurrence/ Progression of Bladder Urothelial Carcinoma.[J]. Pathology & Oncology
Research, 2017(42):1-14.

2�. Yu J , Wang X ,  Lu Q , et al. Extracellular 5\"-nucleotidase (CD73) promotes human breast cancer
cells growth through AKT/GSK-3β/β-catenin/cyclinD1 signaling pathway[J]. International Journal of
Cancer, 2017.

29. Brossier N M , Prechtl A M ,  Longo J F , et al. Classic Ras Proteins Promote Proliferation and Survival
via Distinct Phosphoproteome Alterations in Neuro�bromin-Null Malignant Peripheral Nerve Sheath
Tumor Cells[J]. Journal of Neuropathology & Experimental Neurology, 2015, 74(6):568-586.

30. Brundage M E , Tandon P ,  Eaves D W , et al. MAF mediates crosstalk between Ras-MAPK and mTOR
signaling in NF1[J]. Oncogene, 2014, 33(49):5626-5636.

31. Bechert C , Kim J Y ,  Tramm T , et al. Co-expression of p16 and p53 characterizes aggressive
subtypes of ductal intraepithelial neoplasia[J]. Virchows Archiv, 2016, 469(6):659-667.

32. N?pel-Dünnebacke, S, Schulmann K ,  Reinacher-Schick A , et al. Prognostic value of microsatellite
instability and p53?expression in metastatic colorectal cancer treated with?oxaliplatin and
�uoropyrimidine-based chemotherapy[J]. Zeitschrift für Gastroenterologie, 2014, 52(12):1394-1401.

33. Schneider J , Presek P ,  Braun A , et al. p53 protein, EGF receptor, and anti-p53 antibodies in serum
from patients with occupationally derived lung cancer[J]. BRITISH JOURNAL OF CANCER, 1999,
80(12):1987-1994.

34. Triantafyllou K , Kitsanta P ,  Karamanolis D G , et al. Epithelial cell turnover, p53 and bcl-2 protein
expression during oncogenesis of early and advanced gastric cancer in a Western population[J].
Digestive & Liver Disease O�cial Journal of the Italian Society of Gastroenterology & the Italian
Association for the Study of the Liver, 2008, 40(1):39-45.

Figures



Page 15/21

Figure 1

High expression levels of CNN2 and low-expression levels of CNN1 were detected in colon cancer tissues
Expression of CNN1 and CNN2 in normal colon mucosa tissue and corresponding colon cancer tissue.
CNN1 is highly expressed in normal mucosa tissue and CNN2 is highly expressed in colon cancer.

Figure 2
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Correlation between clinical data analysis or protein expression analysis and CNN1 and CNN2 A.
Expression of CNN1 and CNN2 in four colorectal cancer cell lines, compared to the normal colon mucosal
tissue cell HIEC cell line. B. data analysis.Bars indicate ± standard errors.*p < 0.05; **p < 0.01 compared
with the control. C. mRNA expression levels of CNN1 and CNN2 in these �ve cell lines.

Figure 3

Expression of upstream microRNA have fundamental signi�cance for CNN1 and CNN2 expression The
results of immunohistochemistry after colon cancer tissue sectioning of the eight patients, revealing that
Ki67 expression is positively correlated with CNN2 and negatively correlated with CNN1; p53 expression is
positively correlated with CNN1 and negatively correlated with CNN2. After all the organization results are
scored, the correlation analysis was completed and results are displayed in the table.



Page 17/21

Figure 4

Regulation e�ciency detection in colon cell lines A. After selecting the HCT-116 cell line as a carrier of
interfering factors, the cells were lysed after 48 hours of culture and protein expression levels of CNN1
and CNN2 were measured. C. CNN1 and CNN2 protein expression levels were measured after HT29 cell
line was used to upregulate plasmid genes. B, D. data analysis.Bars indicate ± standard errors.*p < 0.05;
**p < 0.01 compared with the control.
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Figure 5

MicroRNA (negative) and CNN1 (negative) or CNN2 (positive) could regulate colon cancer cell lines by cell
cycle. A–G. After interference of HCT-116 cell line, we found that the silencing CNN1 signi�cantly
promoted cell cycle progress. Silencing CNN2 and interference by microRNA mimic inhibited the cell
cycle. MicroRNA inhibitor advanced cellular processes. H. data analysis.Bars indicate ± standard errors.*p
< 0.05; **p < 0.01 compared with the control.

Figure 6

RAS signal pathways are also activated by regulated CNN1 and CNN2 A. After HCT-116 cell interference,
western blot was used to measure key proteins in cell-related signaling pathways. CNN1 silencing and
MicroRNA inhibitor inhibited the p53 signaling pathway, which enhanced expression levels of Ki67, while
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CNN2 silencing and microRNA interference using mimic obtained the opposite result. B. data
analysis.Bars indicate ± standard errors.*p < 0.05; **p < 0.01 compared with the control.

Figure 7

CNN2 plasmids reverse the effect of microRNA A. After double interference, we used HT29 cells to
measure expression levels of relevant proteins. CNN1 plasmids signi�cantly inhibited the Ras signaling
pathway and relevant proteins and activated the p53 signaling pathway. The addition of CNN2 plasmids
signi�cantly promoted the activation of the Ras signaling pathway and increased expression levels of
related proteins while inhibiting the p53 signaling pathway. B. data analysis.Bars indicate ± standard
errors.*p < 0.05; **p < 0.01 compared with the control. C–H. After the HT29 cell line interfered with the cell
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cycle, CNN1 inhibited cell cycle progression, and CNN2 promoted cell cycle progression. I. data
analysis.Bars indicate ± standard errors.*p < 0.05; **p < 0.01 compared with the control.

Figure 8

Mir-939-5p and Mir-4492 regulated colon cancer cells by interacting CNN2, which targets the p53 signal
pathway directly A, D software predicts the possible binding sites of mRNA of CNN1 and CNN2 genes and
two microRNA. We used reporter genes to determine the possibility of binding, and found that microRNA-
939-5p and microRNA 4492 can be combined with CNN2 MRNA binding. B, C, E, F. data analysis.Bars
indicate ± standard errors.*p < 0.05; **p < 0.01 compared with the control.

Figure 9
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Mir-939-5p and Mir-4492 regulates colon cancer cells by interacting with CNN2, which targets the p53
signal pathway directly A. HCT-116 cell line with relatively high expression was selected as the carrier for
the co-immunoprecipitation experiment. CNN2 physically bound to p53 and Ras proteins. CNN1 did not
give a positive result. B. data analysis.Bars indicate ± standard errors.*p < 0.05; **p < 0.01 compared with
the control.


