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Abstract
Backgroud: Renal cell carcinoma (RCC) is one of the most common renal malignancies in the urinary
system. Numerous studies have demonstrated that miRNAs can regulate tumorigenesis and progression,
while the underlying molecular mechanism for miR-6838-5p involved in RCC development is still largely
unknown.

Methods: The relative expression of miR-6838-5p in RCC tissues, RCC cell lines, adjacent normal tissues
and normal renal epithelial cells was detected by reverse transcription polymerase chain reaction (RT-
qPCR). In vitro studies, cell proliferation and invasion in human RCC cell lines ACHN and 786-O were
evaluated by CCK-8 assay, Transwell assay, Colony formation assay and Flow cytometry. Bioinformatics
analysis, luciferase report analysis and Western blot assay were proved that Cyclin D binding myb-like
transcription factor 1 (DMTF1) is the target of miR-6838-5p.

Results: Our study con�rmed that miR-6838-5p was upregulated in RCC tissues (30/42, 77.43%, P < 0.01)
and RCC cell lines (P < 0.05) compared to adjacent normal tissues and normal renal epithelial cells. In
vitro studies demonstrated that overexpression of miR-6838-5p signi�cantly increased cell proliferation
and invasion in human RCC cell lines ACHN and 786-O (P < 0.05), whereas inhibition of miR-6838-5p
inhibited cell proliferation and invasion (P < 0.05). Furthermore, we found that miR-6838-5p binds to the
wild-type DMTF1 3'UTR. In addition, we found that DMTF1 was downregulation in RCC tissues and cell
lines. Meanwhile, it was demonstrated in ACHN cells that overexpression of miR-6838-5p inhibited the
expression of DMTF1. Finally, we also con�rmed that the interaction of miR-6838-5p overexpression and
DMTF1 overexpression might rescue the inhibitory effects of overexpression of miR-6838-5p on the
expression of phosphatase and tensin homolog (PTEN), p53, Murine double minute 2 (MDM2) and
alternative reading frame (ARF) in the DMTF1-mediated ARF-p53 downstream pathway.

Conclusions: Our research shows that miR-6838-5p enhances the growth and invasion of renal cell
carcinoma dependent on DMTF1 via inhibiting the ARF-p53 pathway, which suggest that miR-6838-5p
can be used as a marker for the diagnosis of RCC.

Background
Renal cell carcinoma (RCC) is the eighth most common cancer in the United States. It is estimated that
73,820 new cases will occur in 2019, accounting for 4.2% of all cancers, of which 14,770 will be fatal,
accounting for approximately 2.4%[1]. RCC is the third most common malignancy in the female
genitourinary system, and the second most common malignancy in men[2]. In 2016, WHO classi�ed renal
cell carcinoma into sixteen categories based on RCC predominant cytoplasmic features, architectural
features, anatomic location of tumors, and correlation with a speci�c renal disease background, as well
as molecular alterations pathognomonic for RCC subtypes, or familial predisposition syndromes[3]. In the
early stages of RCC, patients have no characteristic clinical features, and about 30% of patients show
signs of metastasis at diagnosis[4]. In addition, the prognosis of RCC patients remains poor[5, 6], so it is
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necessary to explore further potential mechanisms of RCC. Therefore, it is particularly important to
identify novel biomarkers for diagnosis or delivery of RCC targeted therapy.

MicroRNAs (miRNAs), highly conserved small RNA molecules, are small fragments of 20–24 nucleotide
non-coding RNA processed from pri-miRNA. MiRNAs are a type of regulator of post-transcriptional levels
that inhibits the expression of these genes by binding to certain sequences of the 3'UTR of the target
gene, thereby regulating the time of aging and cancer progression[7, 8]. MiRNAs have been extensively
studied in renal cell carcinoma. Previous studies have demonstrated that MiR-23a-3p targeted binding
Proline-Rich Nuclear Receptor Coactivator 2 (PNRC2) regulates the occurrence of RCC[9]. Both miR-200c-
3p and miR-96 have been shown to regulate the progression of RCC[10]. However, the regulation
mechanism of miR-6838-5p in RCC progression is still unclear and remains to be studied.

Cyclin D binding myb-like transcription factor 1 (DMTF1), was initially isolated using cyclin D2 as bait in
the yeast two-hybrid screening of the mouse T-lymphocyte library. Studies have found that spontaneous
and oncogene-induced tumor formation can be accelerated in DMTF1 deletion and heterozygous
mice[11, 12]. Previous studies have shown that DMTF1 appears as a key protein that links the rat
sarcoma/rapidly accelerated �brosarcoma/extracellular regulated protein kinases (Ras/Raf/ERK) growth-
promoting signal to the alternative residing frame/protein 53/protein 21 (ARF/p53/p21) tumor
suppressor network[13]. DMTF1 activates the tumor suppressor gene replacement reading frame protein
14 ARF (p14ARF), and increased p14ARF levels cause cell cycle arrest and cell death primarily in a p53-
dependent manner. Wild-type ARF and p53 are typically retained in DMTF1 deletion and heterozygous
mice, so it is understood that DMTF1 is a physiological regulator of the ARF-p53 pathway. In addition,
studies have found that tumors can occur in mice without p53 mutations or ARF deletions, further
illustrating the importance of DMTF1 in the p53 pathway[12]. In cancers such as bladder cancer[14],
colorectal cancer[15] and breast cancer[16], it has been reported that overexpression or knockdown of
DMTF1 can inhibit or promote cancer progression. In the present study, it was con�rmed that miR-6838-
5p inhibits the expression of DMTF1 to promote proliferation and invasion of RCC cells by targeting
DMTF1.

Materials And Methods
Patient tissue samples

This study was approved by the Ethics Committee of the Second A�liated Hospital of Medical School,
Xi’an Jiaotong University (Xi’an, China), which was conducted according to the Helsinki Declaration. The
RCC tissue samples were collected from 42 RCC patients (45.0 ± 15.3 years) who experienced surgical
resection but did not receive chemotherapy or radiation therapy. The corresponding adjacent normal
tissues were also taken from the edge of the RCC tissues by 3 ~ 4 cm which were no obvious tumor cells.
All tissues were frozen in liquid nitrogen and stored at -80 oC for subsequent testing.

Cell lines and cell culture
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The human renal epithelial cell lines (HK-2 and 293T) and RCC cell lines (Caki-1, ACHN, 786-P and 786-O)
utilized in the present study were purchased from the Institute of Cell Research, Chinese Academy of
Sciences (Shanghai, China). The authenticity of cell lines has been veri�ed by short tandem repeat
analysis. All cells were cultured in Roswell Park Memorial Institute 1640 medium (RPMI-1640, Gibco, BRL,
Carlsbad, CA, USA) and supplemented with of 10 % fetal bovine serum (Sigma-Aldrich, St. Louis, MO,
USA), then incubated in a 37 oC incubator with a humidi�ed atmosphere of 5% CO2.

Reverse transcription polymerase chain reaction (RT-qPCR)

Total RNA was extracted from cells and tissues according to the instruction of TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) and puri�ed with the RNeasy Maxi kit (Qiagen, Dusseldorf, Germany) according to the
manufacturer's protocols. MiScript Reverse Transcription kit (Qiagen, Dusseldorf, Germany) was used to
reverse transcription with 1 µg total RNA of each sample and miScript SYBR® Green PCR kit (Qiagen,
Dusseldorf, Germany) was used to detect the expression level of miR-6838-5p following the
manufacturer's protocols. We used U6 or GADPH as endogenous control, respectively. PCR program in
real-time PCR system (ABI7500, Applied Biosystems, Waltham, MA, USA), the detailed process was as
follows: 1 minute at 95 oC followed by 35 cycles of 20 seconds at 95 oC, then 10 seconds at 56 oC and 15
s at 72 oC. Finally, the relative expression levels of miR-6838-5p were calculated using the 2-ΔΔCt method.

Cell transfection

The NC mimic, miR-6838-5p mimic, NC inhibitor, anti-miR-6838-5p, Scramble and DMTF1 siRNA, Vector
were purchased from Invitrogen (Carlsbad, CA, USA). DMTF1 overexpressed plasmid (pcDNA3.1-DMTF1)
was synthesized by Thermo Fisher Scienti�c (Waltham, MA, USA). Transfection and co-transfection of
these oligonucleotides were carried out with Lipofectamine Plus reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions.

Western blotting

We used RIPA lysis buffer (CW Biotech, Beijing, China) to lyse the cells to extract total protein and
measure protein concentration by BCA protein assay kit (Thermo Fisher Scienti�c, Waltham, MA, USA). To
separate protein samples in equal amounts, 10% SDS-PAGE must be used. Next, we transferred and
blocked the complex onto a nitrocellulose membrane (General Electric Co, USA). After blocked with 5%
skim milk, the blots were probed with primary antibodies. Following washed with PBS, the horseradish
peroxidase-conjugated Goat Anti-Rabbit IgG secondary antibodies (ab205718, 1 2, 000) were added.
Next, we incubated the membrane for 1 hour at room temperature. The primary antibodies used in this
study including  Rabbit Anti-DMTF1 antibody (ab246945, 1:500), Rabbit Anti-PTEN antibody (ab32199,
1:500) , Rabbit Anti-p53 antibody (ab32389, 1:100), Rabbit Anti-MDM2 antibody (ab38618, 1:400) and
Rabbit Anti-ARF antibody (ab77581, 1:300) (Cell Signaling Technology, Inc. Danvers, MD, USA). We then
uniformly added the chemiluminescence reagent to the �lm and developed the image with a developer.
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We used Tubulin as an endogenous control to normalize protein expression. The fold change versus
control group was the demonstration of target proteins’ relative expression levels.

Cell viability assay

The CCK-8 proliferation assay kit was used to determine the proliferation of cells. First, cells were
incubated for 24 hours, then 3 × 103 cells were seeded into 96-well plates and cells were transfected with
the indicated RNA duplexes. Then, the cells were treated with 10 μL of the cell counting solution (WST-8,
Dojindo Laboratories, Tokyo) at 0, 24 and 72 hours, respectively, and incubated for an additional 2 hours.
The absorbance (OD) value was measured at 450 nm using a microplate reader.

Transwell invasion assay

The invasive ability of ACHN and 786-O cells was determined using an 8.0 µm 24-well Boyden chamber.
For the intrusion test, �rst, we pre-coated Matrigel in the chamber, then inoculated 2 × 105 cells in the
serum-free medium into the upper layer of the chamber, and then added the intact medium as a
chemotactic agent to the lower chamber. After 24 hours, we �xed the membrane with methanol and
stained with 0.1% crystal violet, then selected �ve randomly selected �elds of view (× 100) to count the
invading cells.

Colony formation assays

For colony formation analysis, cells were seeded into 6-well plates at a concentration of 500 or 2000
cells/well, ensuring that the medium was changed every 5 days. After the cells were incubated for 7-14
days, cells were washed with PBS, �xed with 4% paraformaldehyde, and then stained with 0.5% crystal
violet. Finally, the number of colony formations was calculated.

Flow cytometry

Cells were washed with cold PBS and �xed in cold 75% ethanol for 30 minutes at 4 oC. The �xed cells
were washed three times and treated with ribonuclease. The resulting cells were stained with propidium
iodide (50 μg/mL) overnight at 4oC (Abeam, Cambridge, UK) and then subjected to �ow cytometry
analysis at 488 nm challenge (BD Biosciences, Franklin Lakes, NJ, USA).

Vector construction and luciferase assay

The TargetScan Human database (http://www.targetscan.org/) was used to predict potential targets of
miR-6838-5p. The 3'UTR of the DMTF1 sequence was ampli�ed and cloned into a pGL4.10-report vector
(Promega Corporation, Madison, WI, USA). Equal quantities of the pGL4.10-3'UTR-DMTF1 and Renilla
expression vector pRL-TK (Promega Corporation) were co-transfected into the HEK293 cells. The
luciferase activity was measured 48 h post-transfection using the Dual-Glo Luciferase Assay system
(Promega Corporation).



Page 6/20

Statistical analysis

Statistical analyses were performed on SPSS 19.0 (IBM SPSS, Armonk, NY, USA). All quantitative results
were presented as the mean ± standard deviation (SEM) of three independent experiments. The
signi�cance of the differences between two groups, unless for paired comparison which was noted
specially, was conducted with a two-tailed Student’s t-test. Analysis of variance (ANOVA) was used to
compare the signi�cance between multiple groups. The correlations between miR-6838-5p and clinical
characteristics were analyzed by Chi-square test. P-values < 0.05 were considered to be statistically
signi�cant.

Results
MiR-6838-5p was upregulated in RCC tissues and cell lines

In this experiment, the relative level of miR-6838-5p in 42 pair of RCC tissues and adjacent nontumorous
tissues were examined by RT-qPCR. As shown in Fig. 1A, the results determined that miR-6838-5p was
upregulated in 77.43 % (30/42) of in 42 RCC cases. Compared with normal tissues, we have noticed that
miR-6838-5p was upregulated in tumor tissues (Fig. 1B). In addition, we demonstrated that miR-6838-5p
had high expression in RCC cell lines including Caki-1, ACHN, 786-O and 786-P (Fig. 1C). These results
suggested that miR-6838-5p was an event in RCC and could be a diagnostic marker in RCC.

Overexpression of miR-6838-5p promotes ACHN and 786-O cell proliferation and invasion  

To detect the effect of miR-6838-5p overexpression on the proliferation and invasion of RCC cells, miR-
6838-5p mimics were transfected into human ACHN and 786-O cells which used to induce overexpression
of miR-6838-5p. The results showed that the relative level of miR-6838-5p was upregulated in ACHN and
786-O cells transfected with miR-6838-5p mimic (Fig. 2A and 2D). Next, CCK-8 and Transwell assay were
used to detect the effect of miR-6838-5p on cell proliferation and invasion. As shown in Fig. 2B and 2E,
we found that ACHN and 786-O cells enhanced cell proliferation transfected with miR-6838-5p mimic
compared with NC mimic. Furthermore, we measured the invasiveness of ACHN and 786-O cells
transfected with miR-6838-5p mimic and NC mimic for 72 h. As shown in Fig. 2C and 2F. ACHN and 786-
O cells increased the number of invasive cells after transfection with miR-6838-5p mimic compared with
NC mimic. These results indicated that miR-6838-5p overexpression enhanced human ACHN and 786-O
cells proliferation and invasion.

Overexpression or inhibition of miR-6838-5p prolongs or shortens the S phase of human ACHN and 786-
O, and increases or inhibits colony formation  

In order to explore the effect of overexpression or inhibition of miR-6838-5p on cell cycle, we used �ow
cytometry to detect the number of ACHN cells in different periods. MiR-6838-5p inhibitor was transfected
into human ACHN and 786-O RCC cells to inhibit miR-675-3p expression. The number of ACHN cells in the
S phase were extended or shortened after transfection with miR-6838-5p mimic or anti-miR-6838-5p
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compared with NC mimic or NC inhibitor (Fig. 3A, B, C and D). However, the change in the G2/M phase
was opposite to the S phase (Fig. 3A, B, C and D). As shown in Fig. 3E and F, the relative level of miR-
6838-5p was decreased transfected with anti-miR-6838-5p compared with NC inhibitor. In addition,
Colony formation assay was performed to the effect on ACHN cells while transfection with
overexpression or inhibition of miR-6838-5p (Fig. 3G, H, I and J).

MiR-6838-5p directly targets the 3'UTR of DMTF1

To predict the target gene of miR-6838-5p, TargetScan (http://www.targetscan.org/) and ChIPbase
(http://rna.sysu.edu.cn/chipbase/) were used to verify DMTF1 can be combined with miR-6838-5p target.
DMTF1 is a pro-cancer protein in renal cell carcinoma but is closely related to the arf-p53 pathway, and
signi�cant inhibition is responsible for the progression of renal cell carcinoma. As shown in Fig. 4A, the
target sequence of miR-6838-5p is shown in the 3'-UTR of the Wild type DMTF1.

In order to validate this targeting relationship, dual luciferase reporter assay was executed. The result
showed that miR-6838-5p signi�cantly decreased the luciferase activity of the wild type DMTF1 in the 3'-
UTR of DMTF1 in HEK293 cells compared with the mutant type DMTF1.

Overexpression of miR-6838-5p inhibits the expression of DMTF1, while inhibition of miR-6838-5p
promotes the expression of DMTF1

To further explore the regulation of miR-6838-5p on DMTF1, ACHN cells were transfected by
overexpression or inhibition of miR-6838-5p vector. As shown in Fig. 5A and B, the relative level of DMTF1
was decreased in tumor tissues compared with normal tissues, which was detected by western blotting.
And the mRNA level of DMTF1 was signi�cantly reduced in four RCC cells including Caki-1, ACHN, 786-O
and 786-P but not in HK-2 and 293-T (Fig. 5C). Next, we found that overexpression or inhibition of miR-
6838-5p inhibited or enhanced the relative level of DMTF1 by western blotting (Fig. 5D and 5E). These
results indicated that overexpression or inhibition of miR-6838-5p inhibited or enhanced the expression of
DMTF1.

Overexpression of DMTF1 promotes expression of ARF, p53, PTEN and MDM2 proteins while knockdown
of DMTF1 inhibits these proteins in the downstream pathway of ARF-p53

As shown in Fig. 6A and 6B, overexpression or inhibition of DMTF1 enhanced or inhibited the relative
level of DMTF1, which was determined by Western blotting. Similarly, overexpression or inhibition of
DMTF1 promoted or suppressed the relative level of PTEN, p53, MDM2 and ARF (Fig. 6C and 6D). We
further explored the effect of overexpression or knockdown of DMTF1 on proliferation and invasion of
ACHN cells by CCK-8 and Transwell assays. The results demonstrated that overexpression or inhibition of
DMTF1 inhibited or enhanced ACHN cell proliferation and invasion (Fig. 6E and 6F).

Co-transfection of miR-6838-5p overexpression and DMTF1 overexpression vectors into ACHN cells
rescues the inhibitory effect of overexpression of miR-6838-5p on the DMTF1-p53 pathway

http://rna.sysu.edu.cn/chipbase/
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As shown in Fig.7A, transfection of ACHN cells with miR-6838-5p overexpression vector alone increased
the mRNA level of miR-6838-5p, but co-transfection of ACHN cells with overexpressed miR-6838-5p and
overexpressed DMTF1 vector inhibited miR-6838-5p expression. In contrast to Fig. 7A, miR-6838-5p
overexpression inhibited DMTF1 expression, whereas interaction of miR-6838-5p overexpression and
DMTF1 overexpression rescued the inhibitory effect of miR-6838-5p overexpression in Fig. 7B. As shown
in Fig. 7C and 7D, Western blot was used to detect that overexpression of miR-6838-5p suppressed the
expression of ARF, p53, MDM2 and PTEN proteins in the downstream pathway of DMTF1-mediated ARF-
p53, while interaction of miR-6838-5p overexpression and DMTF1 overexpression reversed miR-6838-5p
overexpression from inhibiting ARF-p53 downstream pathway proteins. As shown in Fig. 7E and 7F, Co-
transfection of overexpressing miR-6838-5p and overexpressing DMTF1 vector to ACHN cells inhibited
the proliferation and invasion of miR-6838-5p overexpression which was detected by CCK-8 and
Transwell assay for 72h, respectively.

Discussion
Emerging evidences have shown that miRNAs play important roles in the development and progression
of RCC[17–21]. These miRNAs can act as tumor suppressor genes or oncogenes by modulating the
target genes. Therefore, the identi�cation of speci�c miRNAs and their target genes in RCC contributes to
understanding the occurrence and progression of RCC. However, so far, there are few studies on the
expression and biological regulation mechanism of miRNA-6838-5p in RCC. In this study, we explored the
cellular role and mechanism of miR-6838-5p in RCC, revealed the regulatory mechanism of miR-6838-5p
on DMTF1 expression, and blocked miR-6838-5p as a RCC tumor carcinogen by modulating DMTF1. At
present, there are few reports on the regulation of cancer by miR-6838-5p, and this experiment con�rmed
that miR-6838-5p has a cancer-promoting effect in RCC. Similar to miR-221, miR-21, miR-30b, miR-15a-5p,
etc[22–24], miR-6838-5p also promoted the proliferation and invasion of RCC cells. Our results also
showed that miR-6838-5p promoted the prolongation of S phase of ACHN and 786-O cells and induced
the formation of RCC cell colonies. The above results con�rmed that miR-6838-5p has a cancer-
promoting effect in RCC. When we treated ACHN cells with miR-6838-5p inhibitor, it was found that the
pro-carcinogenesis of miR-6838-5p was signi�cantly inhibited, indicating that miR-6838-5p does play a
role in ACHN cells. Next, we predicted by software that miR-6838-5p can target the 3'UTR of DMTF1, and
then con�rmed that miR-6838-5p targets DMTF1 by regulating DMTF1, ARF, MDM2, p53 and PTEN in the
DMTF1-P53 pathway. The expression of the protein plays a role in tumor suppression or cancer
promotion. All above results indicate that miR-6838-5p may be used as a diagnostic marker for clinical
RCC, with RCC and prognostic diagnosis.

Numerous studies have shown that DMTF1 controls the activity of the ARF-p53 tumor suppressor
pathway by binding to the ARF promoter. It has been reported that human genes have three different
splice variants (differential splicing), namely DMTF1α, DMTF1β and DMTF1γ, whereas only DMTF1α
activates the ARF promoter[25]. DMTF1β antagonizes the regulation of p14ARF tumor suppressor by
DMTF1α and promotes cell proliferation. However, DMTF1β caused DMP1α-induced transactivation of
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the ARF promoter in a dose-dependent manner. In the cisplatin sensitivity test of breast cancer cells, it
was found that DMTF1 transactivates the tumor suppressor gene alternate reading frame (p14ARF).
Elevated levels of p14ARF cause cell cycle arrest and cell death in a p53-dependent manner[14]. ARF is an
alternative reading frame product of the INK4a/ARF locus and is inactivated in many human cancers.
Furthermore, ARF is a key regulator of cellular senescence, an irreversible cell growth arrest that inhibits
tumor cell growth. It activates p53 by isolating MDM2, a p53 E3 ligase, in the nucleolus. As a tumor
suppressor, ARF is closely related to p53 stability, which induces cell senescence and prevents tumor cell
growth[12]. ARF releases p53 from MDM2, a well-known E3-ubiquitin ligase of p53, and captures MDM2
in the nucleolus by direct interaction, physically separating p53 and MDM2[26–28]. In this experiment, we
infected ACHN cells with a vector that overexpresses or silences DMTF1 which found that it promoted or
inhibited the expression of DMTF1, ARF, MDM2, p53 and PTEN in DMTF1-p53 signaling pathway,
con�rming that DMTF1 is DMTF1- Regulation of the p53 signaling pathway. Secondly, we co-transfected
AMR cells with miR-6838-5p and overexpressed DMTF1 and found that the inhibition of miR-6838-5p on
RCC cells was inhibited by inhibiting the expression of the above proteins in the ARF-p53 signaling
pathway which clari�es the regulatory mechanism of miR-6838-5p in RCC.

Conclusion
These �ndings demonstrated that miR-6838-5p may be a new target of RCC treatment. Its biological
mechanism is to promote the proliferation and invasion of RCC cells via targeting DMTF1 protein to
inhibit ARF-PTEN pathway.

Abbreviations
RCC: Renal cell carcinoma; RT-qPCR: reverse transcription polymerase chain reaction; DMTF1 Cyclin D
binding myb-like transcription factor 1 PTEN  phosphatase and tensin homolog MDM2 Murine double
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Figure 1

The relative level of miR-6838-5p was upregulated in RCC tissues and cells line. (A) Fold change of miR-
6838-5p in RCC tissues was elevated compared with adjacent normal tissues from each sample (n=42).
(B) The relative expression of miR-6838-5p in RCC tissues was upregulated compared with normal
tissues from all samples. *** P < 0.005 versus normal. (C) Higher expression of miR-6838-5p was
presented in RCC cell lines compared with normal RCC epithelial cell lines. * P < 0.05 versus HK-2 or 293T,
** P < 0.01 versus HK-2 or 293T.
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Figure 2

Overexpression of miR-6838-5p enhanced proliferation and invasion of ACHN and 786-O RCC cells line.
ACHN and 786-O RCC cell lines were transfected with NC mimic or miR-6838-5p mimic for 24 h and then
the relevant indicators were detected. (A and D) The expression levels of miR-6838-5p in ACHN and 786-O
RCC cell lines transfected with these two vectors were detected using RT-qPCR. ** P < 0.01 versus NC
mimic. (B and E) CCK-8 assay was used to assess the proliferative ability of ACHN and 786-O cells line
transfected with these two vectors for 0 h, 24 h, 48 h and 72 h. ** P < 0.01 versus NC mimic. (C and F)
Transwell assay was used to assess the invasive ability of ACHN and 786-O cells line transfected with
these two vectors for 72 h.
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Figure 3

Effects of overexpression or inhibition of miR-6838-5p on cell cycle and colony formation. ACHN cells
were transfected with NC mimic, miR-6838-5p mimic, NC inhibitor and anti-miR-6838-5p for 24 h and then
the relevant indicators were detected. (A and C) Cell cycle of ACHN cells transfected with these four
vectors was determined by �ow cytometry. (B and D) Quantify A-graph results with histogram. (C and F)
The effects of these four vectors on the expression of miR-6838-5p were determined by RT-qPCR. (G), (H),
(I) and (J) The effect of ACHN cells transfected with these four vectors on colony formation. *** P < 0.005
versus NC mimic or NC inhibitor.
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Figure 4

miR-6838-5p directly regulates the expression of DMTF1 via its 3'UTR. (A) Predicted results from the
online resource TargetScan indicated a potential binding site of miR-6838-5p at the 3'UTR of DMTF1. (B)
Luciferase activity assay showed a negative regulatory effect of miR-6838-5p on DMTF1 through the
3'UTR region.
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Figure 5

Expression of DMTF1 in RCC tissues and cell lines and effect of miR-6838-5p on DMTF1. Four vectors in
Figure 4 were also used in Figure 5 to transfect ACHN cells. (A) Detection of DMTF1 mRNA in normal
tissues and renal cell carcinoma tissues by RT-qPCR. (B) The histogram is the quanti�cation of the A
graph. ** P < 0.01 versus normal tissues. (C) The relative mRNA of DMTF1 was determined by RT-qPCR. *
P < 0.05 versus HK-2 or 293T. (D) Expression of DMTF1 was evaluated by Western blotting while ACHN
cells transfected with miR-6838-5p mimic or anti-miR-6838-5p. (E) The histogram is the quanti�cation of
the D graph. ** P < 0.01 versus NC mimic. *** P < 0.005 versus NC inhibitor.
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Figure 6

Overexpression or knockdown of DMTF1 on the downstream pathway of ARF-p53. Individual Vector,
overexpression of DMTF1, Scramble or knockdown of DMTF1 transfected ACHN cells. (A) Effect of these
four vectors on the expression of DMTF1 protein was detected by Western blotting. (B) The histogram is
the quanti�cation of the A graph. ** P < 0.01 versus vector or scramble. (C) Western blotting was used to
detect the effect of these four vectors on the expression of ARF, MDM2, p53 and PTEN in ARF-p53
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pathway. (D) The histogram is the quanti�cation of the C graph. ** P < 0.01 versus vector. * P < 0.05
versus scramble. (E) CCK-8 assay was used to detect the effects of these four vectors on cell invasion for
0 h, 24 h, 48 h, and 72 h after infecting ACHN cells. * P < 0.05 versus vector. ** P < 0.01 versus scramble.
(F) Transwell method was used to detect the effect of overexpression or knockdown of DMTF1 on cell
invasion for 72 h. * P < 0.05 versus vector. ** P < 0.01 versus scramble.

Figure 7
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Effect of overexpression of miR-6838-5p on the downstream pathway of DMTF1-p53. Individual NC
mimic, miR-6838-5p mimic, or co-transfection of miR-6838-5p mimic and Vector, or co-transfection of
miR-6838-5p mimic and overexpression of DMTF1 transfected ACHN cells. (A and B) The effects of the
above four vectors on miR-6838-5p or DMTF1 expression were measured by RT-qPCR. ** P < 0.01 versus
NC mimic. ##P < 0.01 versus miR-6838-5p mimic and vector. (C-D) Western blot assay was used to detect
the effects of the above four vectors on the expression of PTEN, p53, Mdm2, ARF, and DMTF1 after
infecting ACHN cells. ** P < 0.01 versus NC mimic. ##P < 0.01 versus miR-6838-5p mimic and vector. (E
and F) The proliferation and invasiveness are determined by CCK-8 and Transwell assay of the above
four vectors after infecting ACHN cells. ** P < 0.01 versus NC mimic. ##P < 0.01 versus miR-6838-5p
mimic and vector.


