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A B S T R A C T   

Objective: This study aimed to investigate the mechanism of long noncoding ribonucleic acid 
(lncRNA) SNHG16 on kidney clear cell carcinoma (KIRC) cells by targeting miR-506-3p/ETS 
proto-oncogene 1, transcription factor (ETS1)/RAS/Extracellular regulated protein kinases 
(ERK) molecular axis, thus to provide reference for clinical diagnosis and treatment of KIRC in the 
future. 
Methods: Thirty-six patients with KIRC were enrolled in this study, and their carcinoma tissues 
and adjacent tissues were obtained for the detection of SNHG16/miR-506-3p/ETS1/RAS/ERK 
expression. Then, over-expressed SNHG16 plasmid and silenced plasmid were transfected into 
KIRC cells to observe the changes of their biological behavior. 
Results: SNHG16 and ETS1 were highly expressed while miR-506- 3p was low expressed in KIRC 
tissues; the RAS/ERK signaling pathway was significantly activated in KIRC tissues (P < 0.05). 
After SNHG16 silence, KIRC cells showed decreased proliferation, invasion and migration capa-
bilities and increased apoptosis rate; correspondingly, increase in SNHG16 expression achieved 
opposite results (P < 0.05). Finally, in the rescue experiment, the effects of elevated SNHG16 on 
KIRC cells were reversed by simultaneous increase in miR-506-3p, and the effects of miR-506-3p 
were reversed by ETS1. Activation of the RAS/ERK pathway had the same effect as increase in 
ETS1, which further worsened the malignancy of KIRC. After miR-506-3p increase and ETS1 
silence, the RAS/ERK signaling pathway was inhibited (P < 0.05). At last, the rescue experiment 
(co-transfection) confirmed that the effect of SNHG16 on KIRC cells is achieved via the miR-506- 
3p/ETS1/RAS/ERK molecular axis. 
Conclusion: SNHG16 regulates the biological behavior of KIRC cells by targeting the miR-506-3p/ 
ETS1/RAS/ERK molecular axis.   

1. Introduction 

Renal cell carcinoma (RCC) accounts for approximately 4 % of all malignancies [1]. According to statistics, there are more than 60, 
000 new cases of RCC and about 15,000 deaths due to RCC in the United States each year, which also correlates significantly with the 
insensitivity of RCC to radiotherapy/chemotherapy [2,3]. Metastasis is one of the important biological properties of RCC [4]. Prog-
nostic survival rate for advanced RCC less than 10 % [5]. Kidney clear cell carcinoma (KIRC) is the most common subtype (accounting 
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for more than 80 % of all RCC) of RCC with the highest rate of local invasion and metastasis, posing a great threat to patients [1,6]. 
long noncoding ribonucleic acid (lncRNA) are a recent hot topic in oncology research [7]. LncRNA regulate gene expression at the 

chromatin, DNA, and at both transcriptional and post-transcriptional levels, and influence the occurrence and outcome of various 
diseases [8,9]. Small nuclear RNA host genes (SNHGs), as one of the classes mentioned above, with 22 family members (SNHG1 to 
SNHG22), all of which are abnormally expressed in various tumors [10–12]. SNHG16 is located on human chromosome 17q25.1 and is 
first identified as an oncogene in neuroblastoma [13]. In recent years, the role of SNHG16 in KIRC has been gradually concerned; it has 
been confirmed that SNHG16 can participate in the development of KIRC through CDKN1A, STARD9, and other pathways, and is 
expected to a new direction in the diagnosis and treatment of KIRC [14,15]. Second, mitogen-activated protein kinase (MAPK) is one of 
the most important transduction pathways in cell signal transduction network [16,17]. Ras/ERK is one of the most classical signaling 
pathways, which is critical in many tumor diseases, including KIRC [18–20]. Through prediction analysis using online database 
Taxgetscan, miR-506-3p binding site was observed in the 3′UTA region of mRNA of downstream transcription factor ETS-1, and ETS-1 
is related to transduction of Ras/ERK signaling pathway [21,22]. Therefore, SNHG1 may be involved in the 
miR-506-3p/ETS1/RAS/ERK molecular axis. 

Therefore, this study aims to further explore the mechanism of action and pathway of SNHG16 in KIRC, so as to provide reference 
for future clinical application of SNHG16 in KIRC. 

2. Materials and methods 

2.1. Patient data 

Thirty-six patients with KIRC who underwent surgery in The Second Affiliated Hospital of Bengbu Medical College from December 
2020 to March 2022 were enrolled as study subjects with 42 healthy physical examiners during the same period. After ethical approval 
of our hospital and the consent of the patients were obtained, the surgically resected carcinoma tissues, adjacent tissues, peripheral 
blood from KIRC patients and medical examiners were collected. Inclusion criteria: Patient diagnosed with space-occupying lesions of 
the kidney preoperatively by ultrasound, CT (plain or enhanced), MRI (plain or enhanced), or other measures, and confirmed as KIRC 
by postoperative pathological examination. Exclusion criteria: Patients with other benign/malignant tumors, immune deficiency, 
cardiovascular dysfunction, neurological disease or (and) organ dysfunction (excluding in kidney); patients in pregnancy/lactation 
period; patients with a history of preoperative surgery or antibiotic treatment. 

2.2. Quantitative real time polymerase chain reaction (qRT-PCR) 

TotalRNA was extracted from kidney tissues and serum with TRIzol (Thermo Fisher, USA) and assessed for purity and concentration 
with Nan-oDrop 2000 spectrophotometer (Thermo Fisher, USA). The reaction volume was 20 μL, and the reverse transcription con-
ditions were 37 ◦C for 15 min and 85 ◦C for 5 min. The first-strand cDNA was then used as a template for mRNA amplification. The 
primer sequences were designed and constructed by Jiangsu Saisofei Biotechnology Co (Table 1). Using GAPDH and U6 as controls, the 
expression of SNHG16/miR-506-3p/ETS proto-oncogene 1, transcription factor (ETS1)/RAS/Extracellular regulated protein kinases 
(ERK) was calculated by 2-△△CT. 

2.3. Immunohistochemistry 

Kidney tissue sections were fixed with 4 % paraformaldehyde, embedded in paraffin, and stored at − 4 ◦C for 24 h. Gradient ethanol 
dehydration was followed by the use of sodium citrate buffer (10 mM, pH 6.0), flooding of the sections, and boiling in an autoclave to 
repair the antigen. Endogenous peroxidase, specific proteins were blocked, ETS1, RAS and ERK primary antibodies (1:500) (Abcam, 
USA) were added and incubated overnight at 4 ◦C. The following day, biotinylated secondary antibody (1:1000) (Abcam, USA) was 
added dropwise and incubated at 37 ◦C for 40 min. DAB was added dropwise for color development and hematoxylin for restaining, 
and the slices were subsequently blocked and observed under a microscope. 

2.4. Western blot 

Total protein was extracted using the lysate, determined by the bicinchoninic acid (BCA) (Merck, USA) assay (quantitative method) 

Table 1 
Sequence of primers.   

Forward primer (3′-5′) Reverse primer (3′-5′) 

SNHG16 GCAGAATGCCATGGTTTCCC GGACAGCTGGCAAGAGACTT 
ETS1 CCACAGACTTTGAGGGAAGC CTGCTCTCAGCACCTCACTT 
RAS GCGCTGACCTAGGAATGTTG AGGAGTAGTACAGTTCATGAC 
ERK CCAAGTCAGACTCCAAAGCC GGTCATAGTACTGCTCCAGG 
β-actin CTGAGAGGGAAATCGTGCGT CCACAGGATTCCATACCCAAGA 
miR-506-3p GCCACCACCATCAGCCATAC GCACATTACTCTACTCAGAAGGG 
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT  
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for concentration, added with an appropriate amount of loading buffer, and heated in boiling water for 10 min for protein denaturation 
to obtain the electrophoresis protein sample. The protein was transferred to Polyvinylidene Fluoride (PVDF) (Merck, USA) membrane 
by Sodium Dodecyl Sulfate PolyAcrylamide Gel Electrophoresis (SDS-PAGE) (Merck, USA) electrophoresis, blocked with skim milk 
powder at 37 ◦C for 2 h, washed with TPBS for 3 times, incubated with primary antibody (1:100) (Abcam, USA)overnight at 4 ◦C, then 
washed 3 times with TPBS and incubated with secondary antibody (1:50000) (Abcam, USA). A proper amount of developer (solution 
A:solution B = 1:1) was prepared and evenly smeared on the PVDF membrane, the target protein was scanned with the gel imaging 
system, and the gray value was analyzed with the software Image-Pro Plus using Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) as the internal reference. 

2.5. Cell data 

Kidney carcinoma cell lines OSRC-2, ACHN, and 786-O were purchased from Shanghai Cell Bank of Chinese Academy of Sciences. 
They were cultured in RPMI 1640 medium containing 5 % fetal bovine serum, and cultured in normoxic conditions at 37 ◦C in an 
atmosphere containing 20 % O2, 5 % CO2, and 75 % N2. Cells in logarithmic phase were obtained for the experiment. They were 
divided into blank group, mimics group and si-SNHG16 group. 

2.6. Cell transfection 

The cells were seeded in 6-well plates at 1 × 105 cells/mL, and transfected when the cells grew to 80 % according to the instruction 
for use of the Lipofectamine™ 2000 (Thermo Fisher, USA) Transfection Reagent. Different volumes of siRNA plasmid and transfection 
reagent were separately diluted with 250 μL of reduced serum medium; the blank group was transected with SNHG16, the mimics 
group with over-expressed SNHG16 plasmid, and the si-SNHG16 group with SNHG16 expression-interfered plasmid. The expression of 
SNHG16 was determined by qRT-PCR for the success rate of transfection, and the expression of miR-506-3p/ETS1/RAS/ERK after 
transfection was detected by qRT-PCR and Western blot using the same method above. 

2.7. CCK-8 

Cells were seeded in 96-well plates at 5000/well and incubated a condition containing 5 % CO2 at 37 ◦C. At 24 h and 48 h after 
incubation, 10 μL of Cell Counting Kit-8 (CCK-8) (Sigma-Aldrich, USA) was added in to the plates. The absorbance was measured at 
450 nm using a microplate reader. 

2.8. Cell scratch assay 

The concentration of cell suspension was adjusted to 5 × 106 cells/mL with trypsin, inoculated into 6-well plates, and 3 scratches 
were made in the 6-well plates with a sterilized tip when the cell fusion rate achieved about 75 %; the dropped cells were washed with 
PBS, and the plates were cultured for 24 h. An inverted fluorescence microscope was applied for photo taking, and the scratch width at 
different points were measured to calculate the average value of scratch fusion rate. Cell scratch rate = (initial scratch width - cell 
migration distance)/initial scratch width × 100 % 

2.9. Transwell 

A sterile Transwell chamber was placed in a 24-well plate. The liquid Matrigel matrix gel was diluted at 1:5 and added into the 
Transwell chamber at 50 μL/well, so that the gel was evenly leveled. After the gel was solidified, add 500 μL of culture medium into the 
24-well plate, add 200 μL of cell suspension to the upper chamber, with about 20000 cells per well. After incubation for 24 h, the liquid 
in the upper chamber was discarded; the chamber was washed twice with PBS and allowed to dry in the air; cells penetrating the 
membrane in the upper chamber were soaked and fixed with 4 % paraformaldehyde (30 min), rinsed with PBS, and dipped in crystal 
violet staining solution for 5 min; the excess crystal violet on the surface was gently rinsed with PBS. Cells were observed under the 
microscope and photographed, and the number of cells was counted. 

2.10. TUNEL staining 

Cells were seeded on round slides, fixed with paraformaldehyde for 30 min, rinsed with PBS, incubated with cell permeabilization 
buffer for 2 min at room temperature, and marked in accordance with the instruction for use of the Terminal Deoxynucleotidyl 
Transferase Mediated dUTP Nick End Labeling (TUNEL) kit (Vazyme; USA); images were captured with a fluorescence microscope and 
analyzed with software Image J (National Institutes of Health, USA). 

2.11. Effect of SNHG16 on KIRC cells via miR-506-3p/ETS1/RAS/ERK 

KIRC cells in logarithmic phase were divided into 6 groups and transfected (intervened) as follows: Normal group: normal culture; 
Group A: co-transfection with over-expressed SNHG16 and ETS1 plasmids, miR-506-3p mimic sequence, and RAS/ERK pathway 
activator (RASAL1); Group B: co-transfection with over-expressed SNHG16 plasmid and RASAL1; Group C: co-transfection with over- 
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expressed SNHG16 plasmid and miR-506-3p mimic sequence; Group D: co-transfection with over-expressed SNHG16 and ETS1 
plasmids. Group E: co-transfection with over-expressed ETS1 plasmid and miR-506-3p mimic sequence. In addition, the biological 
behaviors of transfected cells were determined based on the protocol above. 

2.12. Effect of miR-506-3p/ETS1 on RAS/ERK signaling pathway 

The miR-506-3p mimic, inhibitor sequence, negative control group, over-expressed ETS1 plasmid, silenced plasmid and blank 
control were separately transfected into KIRC cells to determine the expression of the RAS/ERK signaling pathway. The effect of miR- 
506-3p and ETS1 on the RAS/ERK signaling pathway was determined in the same way as mentioned above. 

2.13. Animal information 

Eighteen healthy BALB/c nude mice of SPF grade were purchased from Nanjing Amphibian Biomedical Technology Co. 6–8 weeks 
old, body mass 18–20 g. Adaptive feeding for 1 week at (25 ± 2)◦C, humidity (50 ± 10)%, 12 h day/night alternation, free feeding and 
drinking. 

2.14. Nude mice tumorigenesis assay 

Mice were randomly divided into 3 groups (n = 6), and the cells of normal group, mimics group and si-SNHG16 group (ACHN) were 
resuspended with PBS, and 500 μL (1 × 107/mL) were aspirated and injected into the right axilla of mice subcutaneously, and then 
continued to be fed. Three mice from each of the three groups were randomly selected and executed at 7 d and 14 d, respectively, and 
the intact tumor tissues were removed to observe the growth of tumors and measure the volume and mass. 

2.15. Statistical analysis 

SPSS22.0 (IBM, USA) and GraphPad Prism6 (GraphPad Software) were separately used for statistical analysis and plotting. All the 
results were expressed as (‾χ ± s). T-test was adopted for intra-group comparison, and Analysis of Variance and Bonferroni test for 
inter-group comparison, diagnostic value using receiver operating characteristic (ROC) curve analysis. P < 0.05 was considered as 
statistically significant. 

Fig. 1. Expression of SNHG16/miR-506-3p/ETS1/RAS/ERK in tissues. A, Comparison of SNHG16/miR-506-3p/ETS1/RAS/ERK expression in 
cancer and paraneoplastic tissues. B, Western blot detection of ETS1/RAS/ERK expression in cancer and paraneoplastic tissues. C, Immunohisto-
chemical detection of positive expression of ETS1/RAS/ERK in cancer and paraneoplastic tissues. A, Comparison of the expression levels of SNHG16 
in serum. B, Comparison of the expression levels of miR-506-3p in serum. C, ROC curve of SNHG16 diagnostic KIRC. D, ROC curve of miR-506-3p 
diagnostic KIRC. *P < 0.05. Fig. 1B uncut original image in Supplementary Fig. S1. 
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3. Results 

3.1. Expression of SNHG16/miR-506-3p/ETS1/RAS/ERK in tissues 

Compared with adjacent tissues, the expression of SNHG16, ETS1 mRNA, RAS mRNA and ERK mRNA in carcinoma tissues were 
significantly higher, while miR-506- 3p was significantly lower (P < 0.05, Fig. 1A). The expression of ETS1/RAS/ERK protein also 
revealed that the expression of ETS1, RAS and ERK increased in carcinoma tissues (P < 0.05, Fig. 1B). According to the results of 
immunohistochemical, significantly high expression of ETS1, RAS and ERK was observed in carcinoma tissues of patients with KIRC. 
(Fig. 1C). Detection of the expression levels of SNHG16 and miR-506-3p in the serum of KIRC patients and physical examiners showed 
that SNHG16 was significantly higher in KIRC patients than in physical examiners, while miR-506-3p was lower than in physical 
examiners (P < 0.05, Fig. 1D/E). By ROC analysis, it was seen that when SNHG16 > 1.41 in serum, the sensitivity of diagnosing the 
occurrence of KIRC was 83.33 % and the specificity was 64.29 % (P < 0.05, Fig. 1F). And when miR-506-3p < 2.02, the sensitivity and 
specificity of diagnosing KIRC were 50.00 % and 95.24 %, respectively (P < 0.05). (Fig. 1G). 

3.2. Expression of SNHG16/miR-506-3p/ETS1/RAS/ERK in cells 

After transfection, the expression of SNHG16 in the mimics group was higher than that in the blank group and the si-SNHG16 
group, and the expression of SNHG16 in the si-SNHG16 group was lower than that in the blank group (P < 0.05, Fig. 2A/B), indi-
cating successful transfection. Subsequently, miR-506-3p/ETS1/RAS/ERK expression was determined. The expression of miR-506-3p 
was the lowest in the mimics group and the highest in the si-SNHG16 group (P < 0.05). The expression of ETS1, RAS and ERK increased 
in the mimics group but decreased in the si-SNHG16 group (P < 0.05). (Fig. 2C/D). 

3.3. Effects of SNHG16 on cell biological behavior 

After transfection, the proliferation, invasion and migration of KIRC cells in the mimics group were higher than those in the control 
group. In contrast, the proliferation, invasion and migration rates of the si-SNHG16 group were lower than those of the control group 
(P < 0.05). (Fig. 3A–E). TUNEL staining showed that the number of apoptotic cells in the si-SNHG16 group was high among the three 
groups, and the number of apoptotic cells in the mimics group was lower than that in the si-SNHG16 group and higher than that in the 
blank group (P < 0.05). (Fig. 3F). 

Fig. 2. Expression of SNHG16/miR-506-3p/ETS1/RAS/ERK in cells. A, Comparison of the expression levels of SNHG16 in cells after transfection 
with SNHG16 aberrant expression vector. B, Effect of SNHG16 on miR-506-3p expression levels. C and D, Western blot detection of ETS1/RAS/ERK 
expression levels in cells after transfection with SNHG16 aberrant expression vector and quantitative analysis results. * indicates a statistically 
significant difference from the Blank group and # indicates a statistically significant difference from the mimics group (P < 0.05). Fig. 2C uncut 
original image in Supplementary Fig. S2. 
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3.4. Effects of SNHG16 on biological behavior of KIRC cells via miR-506-3p/ETS1/RAS/ERK cellular activity 

After transfection with abnormally expressed miR-506-3p/ETS1 sequence/plasmid and RAS/ERK activator, the normal group, 
Group C, and Group E showed consistent biological behavior, and Group B and Group D showed consistent biological behavior (P >
0.05). The invasion and migration rate of Group A were the highest among the six groups (P < 0.05), followed by Groups B and D, and 
then the normal group and Groups C and E (P < 0.05). (Fig. 4A–D). Similarly, there was no significant difference in apoptosis among 
the normal group, Group C and Group E, and no difference between Group B and Group D (P > 0.05). Apoptotic cells in group A were 
the lowest among the 6 groups. The number of apoptotic cells of Group A was the lowest among the six groups, followed by Groups B 
and D, and then the normal group and Groups C and E (P < 0.05). (Fig. 4E–G). 

3.5. Effect of miR-506-3p/ETS1 on RAS/ERK signaling pathway 

The expression of RAS and ERK were obviously decreased in cells after transfection with miR-506-3p-mimics compared with the 
blank group, while the expression of RAS and ERK were significantly increased in cells after transfection with miR-506-3p-inhibitors 
(P < 0.05). The expression of RAS and ERK increased after transfection with over-expressed ETS1 plasmid, but decreased after 
transfection with silenced ETS1 expression sequence (P < 0.05). (Fig. 5A/B). 

3.6. Effect of SNHG16 on in vivo tumors 

Finally, in the tumorigenesis experiment in nude mice, it was seen that there was no significant difference in tumor weight and 
volume between the normal and mimics groups at 7 d (P < 0.05), while the weight and volume in the si-SNHG16 group were slightly 
lower (P < 0.05). At 14 d, the tumor weight and volume in the mimics group were the highest among the three groups, while the tumor 
weight and volume in the si-SNHG16 group were lower than those in the blank group (P < 0.05). The subcutaneous tumor growth in all 
three groups increased significantly at 14 d compared with that at 7 d (P < 0.05). (Fig. 6A–C). 

4. Discussion 

KIRC is the subtype with the highest malignancy and the worst prognosis in RCC, so a deep understanding of its pathogenic 
mechanism is clinically significant for the future diagnosis and treatment of KIRC [23]. In previous studies, SNHG16 has been pre-
liminarily confirmed to regulate the progression of KIRC [14]; for its clinical application, however, more studies are needed to verify its 
mechanism of action. Therefore, the study was conducted to analyze the role of SNHG16 in KIRC as follows. Through our experiments, 
we found that SNHG16 and ETS1 were highly expressed and miR-506-3p was lowly expressed in KIRC tissues, and the RAS/ERK 
signaling pathway was significantly activated. Furthermore, SNHG16 regulates the biological behavior of KIRC cells by targeting the 
miR-506-3p/ETS1/RAS/ERK molecular axis. These results provide new research directions for future diagnosis and treatment of KIRC. 

First, SNHG16 expression is obviously higher in KIRC patients, similar to the findings of Xiang Z et al. and Chen L et al. [24,25]. In 
the cellular assay, the proliferation, invasion and migration capabilities of KIRC cells were significantly enhanced and the apoptosis 
rate was decreased after SNHG16 expression elevation. This once again confirmed that the highly expressed SNHG16 acts as an 
oncogene in KIRC, and SNHG16 silence can inhibit the malignant progression of KIRC, indicating that SNHG16 is a potential targeted 
therapeutic approach for KIRC in the future. Previous studies have suggested that inhibition of SNHG16 slows down the progression of 
malignant tumors [26,27], so the above results are also expected. 

In molecular pathogenesis studies of tumors, lncRNAs usually exert its biological regulatory effects through multiple pathways 
[28]. Although previous studies and the above experiments have fully verified the role of SNHG16 in KIRC, its mechanism of action 
should be analyzed. In the preliminary preparation of the experiment, a ceRNA network was constructed with SNHG16, and the 
miRNAs and downstream target genes related to SNHG1 were predicted by bioinformatics methods. Among these SNHG1-related 
miRNAs and target genes, the binding site of SNHG16 to miR-506-3p was identified. In addition, studies have also shown that 
miR-506-3p is up-regulated in vascular smooth muscle, affecting the proliferation, migration, differentiation and contraction of 
vascular smooth muscle cells [29]. Therefore, it was hypothesized that SNHG16 may be involved in the alteration of biological 
behavior of KIRC cells through miR-506-3p. In order to verify this conjecture, the expression of the above molecular pathways in KIRC 
tissues was also observed. Decreased miR-506-3p and increased ETS-1 were witnessed, as well as obviously activated Ras/ERK 
signaling pathway, which preliminarily confirmed that they may be involved in the occurrence and development of KIRC. What 
mentioned above are also consistent with the results of relevant studies [30–32], proving the accuracy of the results. Not only that, 
considering that peripheral blood is more convenient to collect and has higher clinical applicability, we performed ROC analysis for the 
expression of SNHG16 and miR-506-3p in peripheral blood. And the results showed that both showed excellent results for the diagnosis 
of KIRC. This suggests that in the future, SNHG16 and miR-506-3p also have the potential to become objective assessment indicators of 

Fig. 3. Effect of SNHG16 on cellular activity. A, Results of the CCK-8 experiment for OSRC-2. B, Results of the CCK-8 experiment for ACHN. C, 
Results of the CCK-8 experiment for 786-O. D, Results of cell scratching experiments. E, Transwell experimental results. F, Effect of SNHG16 on 
apoptosis, red fluorescence indicates apoptotic cells. * indicates a statistically significant difference from the Blank group and # indicates a sta-
tistically significant difference from the mimics group (P < 0.05). (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 
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KIRC, thus aiding in better diagnosis of the occurrence and development of KIRC. 
Elevated SNHG1 was observed after transfection with abnormally expressed SNHG1, as well as increased ETS-1 and Ras/ERK 

signaling pathway and decreased miR-506-3p in KIRC cells, and silencing SNHG1 achieved opposite results, suggesting that the 
molecular pathway above was also involved in the process of SNHG1 affecting the biological behavior of KIRC cells. In previous 
studies, although the regulation of miR-506-3p/ETS1/RAS/ERK activity in tumor cells such as gastric and esophageal carcinomas has 
been shown [33–35], their role in KIRC remains to be verified. More experiments are still needed to confirm the pathway of action of 
SNHG1 in relation to miR-506-3p/ETS1/RAS/ERK. The rescue experiment revealed that there was no significant difference in the 
biological behavior of cells between Groups C and E and the normal group, suggesting that the effects of elevated SNHG16 on KIRC 
cells were reversed by simultaneous increase in miR-506-3p, and the effects of miR-506-3p could be reversed by ETS1. Consistent 
biological behavior indicated that activation of the RAS/ERK pathway had the same effect as increase in ETS1, which further worsened 
the malignancy of KIRC. Both elevated miR-506-3p and silenced ETS1 inhibited the status of RAS/ERK. Thus, there is a clear 
inter-regulatory relationship of the molecular axis in regulating the biological behavior of KIRC cells, which also verified our point of 
view. Finally, in tumorigenic experiments in nude mice, we saw a significant inhibition of in vivo tumor growth following silencing of 
SNHG16 expression, which confirmed the effect of SNHG16 on KIRC and could lay a solid foundation for its subsequent clinical 
application. Based on the results obtained from the above experiments, it was believed that SNHG16 regulates the biological behavior 
of KIRC by targeting miR-506- 3p and ETS1 to activate the RAS/ERK signaling pathway, which provides a reliable reference for future 
molecular immunotherapy targeting SNHG16. 

However, the experimental conditions are limited, so more experiments are needed to validate the targeting relationship between 
SNHG16/miR-506-3p/ETS1; the changes in the above molecular axis may be observed through reverse regulation of RAS/ERK 
signaling pathway to understand the specific mechanism of this pathway more clearly. In addition, in vivo animal experiments should 
be conducted to demonstrate the effect of SNHG16 silence on actual tumorigenesis, so as to lay a more reliable foundation for future 
clinical diagnosis and treatment of SNHG16. 

Fig. 4. Effect of SNHG16 on cellular activity via miR-506-3p/ETS1/RAS/ERK. A, Results of cell scratching experiments. B, Migration rate of OSRC- 
2. C, Migration rate of ACHN. D, Transwell experimental results. E, Results of TUNEL staining experiments. F, Apoptotic cells in OSRC-2 (red 
fluorescence). G, Apoptotic cells in ACHN (red fluorescence). *, a,b,c,d indicate statistically significant differences with blank group, group A, group 
B, group C, and group D, respectively (P < 0.05). (For interpretation of the references to color in this figure legend, the reader is referred to the Web 
version of this article.) 

Fig. 5. Effect of miR-506-3p/ETS1 on RAS/ERK signaling pathway. A, Effect of miR-506-3p/ETS1 on the RAS/ERK signaling pathway in OSRC-2. B, 
Effect of miR-506-3p/ETS1 on the RAS/ERK signaling pathway in ACHN. *, #, & and @ indicate statistically significant differences between and 
negative control sequences, miR-506-3p mimics sequences, blank control and overexpression of ETS1 plasmids, respectively (P < 0.05). Fig. 5A and 
B uncut original image in Supplementary Figs. S3 and S4. 
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5. Conclusion 

SNHG16 was highly expressed in KIRC and promoted the malignant growth of tumor cells by regulating miR-506-3p/ETS1 to 
activate the RAS/ERK signaling pathway, which provides theoretical basis for the design and development of new drugs and the 
establishment of new gene therapies that intervene in signal transduction-related boot genes in the early stages, to improve the 
prognosis and safety of KIRC patients. 
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