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Background: Long non-coding RNA (IncRNA) small nucleolar RNA host gene 3 (SNHG3) has been
reported to be involved in the pathological process of a variety of tumors, including clear cell renal cell
carcinoma (ccRCC). However, whether SNHG3 can be used as a prognostic biomarker and its correlation
with immune infiltration in ccRCC remain unclear, warranting further research. This study aims to explore
the relationship between SNHG3 and immune infiltration in ccRCC and confirm the potential of SNHG3 to
predict survival of ccRCC patients.

Methods: The Cancer Genome Atlas (TCGA) database was used to assess the expression of SNHG3 in
ccRCC, evaluate clinicopathological characteristics, assess prognosis, and conduct functional enrichment
analysis. The ccRCC microenvironment and immune infiltration were investigated using the Estimation of
STromal and Immune cells in MAlignant Tumor tissues using Expression data (ESTIMATE) and Cell-type
Identification By Estimating Relative Subsets Of RINA Transcripts (CIBERSORT) algorithms, respectively.
We additionally investigated the relationships between SNHG3 and immunological checkpoints. Drug
sensitivity of SNHG3 was investigated in R. The expression of SNHG3 was verified in the Gene Expression
Omnibus (GEO) database, ccRCC cell lines, and tissues. Wound healing and Methylthiazolyldiphenyl-
tetrazolium bromide (MTT) assays were used to evaluate tumor cell migration and proliferation.
Fluorescence in situ hybridization (FISH) assay was conducted to localize SNHG3 in ccRCC cells.

Results: SNHG3 expression was significantly upregulated in ccRCC cells and tissues and associated with
several clinicopathological features and poor prognosis of ccRCC patients. SNHG3 was correlated with
immune cells infiltration in ¢c¢cRCC and exhibited sensitivity to various targeted and chemotherapy drugs.
Knockdown of SNHG3 significantly reduced the proliferation and migration of ccRCC. FISH results showed
that SNHG3 was located in the cell nucleus.

Conclusions: Overall, this study demonstrates that SNHG3 is a prognostic biomarker correlated with

immune infiltration in ccRCC.
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Introduction

One of the most common types of kidney cancer and
the second leading cause of urologic malignancy-related
mortality is renal cell carcinoma (RCC). As of 2024, there
were approximately 81,610 new cases of RCC in the United
States, with an annual incidence rate of 1.5 percent (1).
There are approximately 75% cases of clear cell renal
cell carcinoma (ccRCC), which is RCC’s most prevalent
subtype (2). Because ccRCC is not sensitive to conventional
radiotherapy and chemotherapy, surgery remains the most
effective treatment method (3). However, 10% to 30% of
individuals with ccRCC eventually experience metastases
after surgery (4). Finding novel biomarkers that link to the
immunological microenvironment of ccRCC and regulate
its prognosis is therefore urgently needed.

The majority of human genomic DNA is transcribed into
non-coding RNA instead of messenger RNA (mRNA) (5).
An RNA sequence with no more than 200 nucleotides that
does not encode a polypeptide or protein is called a long non-
coding RNA (IncRNA) (6). It has been proven that IncRNAs
can regulate tumor development, such as LINC0I535, which
promotes the proliferation capacity and migration level of
breast cancer via regulating miR-214-3p (7). In addition,
some IncRNAs have been associated with tumor immune
cell infiltration. For example, the level of LINC00963 in
cervical cancer was associated with immune cell infiltration
and poor survival according to Chang et 4/. (8). Peng er al.
demonstrated that high expression of IncRNA myocardial
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* Small nucleolar RNA host gene 3 (SNHG3) could be a potential
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What is known and what is new?

* SNHG3 promotes the proliferation and migration of ccRCC cells.

* SNHGS3 is associated with immune cell infiltration in ccRCC.
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of the prevention and treatment of ccRCC and provide the

foundation for precision medicine.
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* The immune infiltration relationship between SNHG3 and ccRCC
and whether SNHG3 can be used as a prognostic biomarker for
ccRCC are still unclear. Future studies should be conducted using
more datasets to validate the current findings, thus establishing the
prognosis model based on clinical data and SNHG3.
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infarction associated transcript (MIAT) mediates immune
escape by upregulating programmed death-ligand 1 (PD-L1)
in hepatocellular carcinoma (9). The above studies overlap in
their assertion of the huge potential of IncRNAs to regulate
tumor progression, providing the possibility for combining
targeted therapy and immunotherapy.

As described in the reported literatures, IncRNA small
nucleolar RNA host gene 3 (SNHG3) regulates various
tumors, including ccRCC, among the numerous IncRINAs. It
has been established that SNHG3 regulates NEIL3 to mediate
the poor outcomes of hepatocellular carcinoma patients (10).
Xu et al. demonstrated that SNHG3 promotes the progression
of ccRCC via regulating BIRCS5 expression (11). Moreover,
SNHG3 has been associated with immune infiltration in
non-neoplastic diseases. Huang ez 4/. identified SNHG3 as
one of the key genes regulating immunity in children with
Henoch Schénlein purpura nephritis (12). SNHG3-miR-
139-5p-TOP2A has been reported to link to the prognosis
of ccRCC by pan-cancer analysis of RNA sequencing
data. Meanwhile, TOP2A reportedly has the function
of regulating immune cells (13). Despite these findings
illustrating the regulatory involvement of SNHG?3 in tumors
and immune interactions, whether SNHG3 is related to
immune infiltration in ccRCC remains unclear.

This study aims to explore the relationship between
SNHG3 and immune infiltration in ¢ccRCC and confirm the
potential of SNHG3 to predict survival of ccRCC patients.
The analytical workflow of the research is described in
Figure 1. Meanwhile, we propose speculation that SNHG3
and immune infiltration are related through bioinformatics
analysis and experimental validation, thus offering a new
target for the clinical treatment of ccRCC. We present
this article in accordance with the MDAR reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-24-1509/rc).

Methods
Bioinformatics analysis

A dataset consisting of gene expression profiles from 72 normal
tissues and 541 tumor tissues of ccRCC was downloaded
from The Cancer Genome Atlas (TCGA) database (https://
www.cancer.gov/ccg/research/genome-sequencing/
tcga). The normal tissues were considered as the control
group. Differentially expression analysis was performed
using the R package “limma”, with criteria for identifying
differentially expressed genes (DEGs) set as |log fold
change (FC)| >1.5 and false discovery rate (FDR) <0.05 (14).
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Figure 1 Analytical workflow of SNHG3. TCGA, The Cancer Genome Atlas; KIRC, Kidney Renal Clear Cell Carcinoma.

Survival analysis was conducted using the R package “survival”
to investigate the correlation between SNHG3 and the
prognosis of ccRCC patients (15). To validate the findings,
the original gene expression profile (GSE53757) was obtained
from the Gene Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/).

Gene Ontology (GO) enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analysis were carried out using “clusterProfiler” package (16).
Gene Set Enrichment Analysis (GSEA) was utilized to
evaluate metabolic pathways and biological functions.

Immune cell infiltration analysis

Immune cell infiltration analysis was conducted using the
Estimation of STromal and Immune cells in MAlignant
Tumor tissues using Expression data (ESTIMATE)
algorithm (17). This allowed calculation of immune scores,
stromal scores, and estimate scores for each sample from

TCGA. The correlation between SNHG3 and immune cells

© AME Publishing Company.

was assessed, and the Cell-type Identification By Estimating
Relative Subsets Of RNA Transcripts (CIBERSORT)
algorithm was employed to determine differences in
immune cell infiltration between high and low SNHG3
expression groups (18). Furthermore, using TIMER2.0
(http://timer.cistrome.org/), a survival analysis of SNHG3
and SNHG3-expressing immune cells in ¢ccRCC was
performed. The relationship between SNHG3 expression
and immune checkpoints was also explored (19).

Immunotherapy and drug sensitivity analysis

The effect of immunotherapy on SNHG3 was studied based
on The Cancer Immunome Atlas (T'CIA) (https://www.
tcia.at/) database (20). The effect of chemotherapeutics
and targeted agents on SNHG3 was studied using the
Computational Analysis of Resistance (CARE) (http://
care.dfci.harvard.edu/) database (21). Subsequently, the
“pRRophetic” package was used in R to study the drug
sensitivity differences between the high SNHG3 expression
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group and the low SNHG3 expression group (22). The drug
sensitivity was predicted by calculating the half-maximal
inhibitory concentration (IC;y) of chemotherapy and
targeted agents.

Cell culture

The human renal cancer cell line 786-O (WHELAB
C1043) and immortalized renal tubular epithelial cell
HK-2 (WHELAB C116) were provided by SHANGHAI
WHELAB BIOCIENCE LIMITED. Cell lines were
authenticated by the supplier. 786-O and HK-2 were
cultivated in Dulbecco’s Modified Eagle Medium (DMEM)
complete medium in a humidified atmosphere of 5% CO,
at 37 °C.

Clinical samples

Clinical samples including ccRCC tissues and adjacent
normal tissues (n=8) were acquired from the same patients
who underwent radical nephrectomy at the First Affiliated
Hospital of Guangxi Medical University and rapidly stored
in liquid nitrogen for further experiments. Corresponding
adjacent noncancerous tissues were obtained from sites at
least 5 cm away from the cancerous region. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the Ethics
Review Committee of the First Affiliated Hospital of
Guangxi Medical University (approval No. 2023-E302-
01) and informed consent was taken from all individual
participants.

Quantitative reverse transcription-polymerase chain

reaction (qRT-PCR)

To examine SNHG3 expression in ¢ccRCC cell lines
and tissues, we performed qRT-PCR analysis. Total
RNA was extracted with TRIzol (Invitrogen, USA)
according to the manufacturer’s protocol. The primer
sequences were obtained from Sangon Biotech
(Shanghai, China) as follows: SNHG3: Forward 5'-
AGTGGTCGCTTCTTCTCCTTG-3'", Reverse:
5'-GATTGTCAAACCCTCCCTGTTA-3". f-actin:
Forward 5'-GTCATTCCAAATATGAGATGCGT-3",
reverse 5'-GCTATCACCTCCCCTGTGTG-3". Relative
expression levels were calculated according to the 2-AACt
method. Statistical analyses were performed with GraphPad
Prism.

© AME Publishing Company.
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Cell transfection

Small interfering RNAs (siRNAs) specifically targeting
SNHG3 and their negative control (si-NC) were
synthesized by Sangon (Shanghai, China). The primer
sequences were as follows, si-SNHG3-1: Forward
5'-GCUAGGAAUGCACAUUCUUTT-3", reverse
5'-AAGAAUGUGCAUUCCUAGCTT-3". Si-SNHG3-2:
Forward 5'-CCUAGCUGAUGAGUUGUAUTT-3",
reverse 5'-AUACAACUCAUCAGCUAGGTT-3". Si-
NC: Forward 5'-UUCUCCGAACGUGUCACGUTT-3',
reverse 5'-ACGUGACACGUUCGGAGAATT-3". A
total of 10 pmol of siRNA was transfected into 786-O
cells using liposome RNAIMAX (Invitrogen, USA) in each
group separately. After 48 h of transfection, the transfection
efficiency was measured by qRT-PCR, and the cells were
collected for subsequent experiments.

Wound bealing assay

A total of 50x10" cells were seeded in 6-well plates and
incubated in a constant temperature incubator at 37 °C
and 5% CO, for 12 h. The migration of cells was observed
and recorded by light microscopy and photography We
analyzed five image fields for the control group and four
image fields for each of the two treatment groups and the
blank area was measured by Image J software. Relative
migration rate was calculated by normalizing the distance
of the blank area at 0 h.

Methylthiazolyldipbenyl-tetrazolium bromide (MTT)

First, 100 pL of medium containing 4-5 x10’ ccRCC cells was
seeded in each well of a 96-well plate. After 0, 24, 48, and 72 h,
20 pL of MTT solution was introduced into each well and
incubated for 4 h at 37 °C and 5% carbon dioxide. Then, 150
pL of dimethyl sulfoxide (DMSO) was added to the discarded
solution and shaken. The optical density (OD) at 490 nm
wavelength was measured. Each experimental group at each
time point was performed with at least three independent
replicates (n>3) to ensure the reliability of the results.

Fluorescence in situ bybridization (FISH)
To examine the localization of SNHG3 in HK-2 and 786-O

cells, FISH experiments were performed by Servicebio
(Wuhan, China). SNHG3 probes were synthesized by
Servicebio. HK-2 and 786-O cells were cultured on glass
slides and fixed with i» situ hybridization fixative for
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20 minutes at room temperature. Protease K (20 pg/mL)
was then applied to the slides for digestion at 37 °C. A pre-
hybridization solution was added dropwise and incubated
at 37 °C for 1 hour. After discarding the pre-hybridization
solution, a probe-containing hybridization solution was
added, and slides were incubated overnight. Following
hybridization, slides were washed sequentially with 2 x
saline sodium citrate (SSC) buffer at 37 °C for 10 minutes,
1 x SSC at 37 °C for 2 intervals of 5 minutes each, and 0.5
x SSC at room temperature for 10 minutes. A preheated
branch-specific probe hybridization solution (60 pL)
was then added dropwise, and the slides were incubated
in a humidified chamber at 40 °C for 45 minutes. Post-
hybridization washes were repeated as above. Nuclei were
counterstained with 4, 6-diamidino-2-phenylindole (DAPT)
for 8 minutes. Images were captured under a Nikon upright
fluorescence microscope (Japan) using a 20x objective.

Statistical analysis

Statistical analyses were conducted using SPSS 22.0
and GraphPad Prism 8.0.2. Student’s ¢-test, one-
way ANOVA, and rank sum test were employed for
comparing parametric and non-parametric data.
Univariate and multivariate Cox regression analyses were
performed to analyze SNHG3-related clinicopathological
features. Pearson’s correlation coefficient was used to
assess the linear relationship, and survival analysis was
conducted using the log-rank test. Each experiment was
performed at least three times to ensure reproducibility.
Statistical significance was determined at P<0.05.

Results
The expression of SNHG3 is upregulated in ccRCC

The RNA-sequence data of 72 normal tissues and 541
ccRCC tissues were extracted from TCGA. In ccRCC
tissues, SNHG3 expression was higher than in normal
tissues (P<0.001; Figure 2A). To validate this finding, we
then extracted the data of 72 pairs of ccRCC tissues from
a GEO dataset (GSE53757) to perform analysis (23).
Consistently, we observed a similar upregulation of SNHG3
expression in ccRCC (P<0.001; Figure 2B).

Upregulation of SNHG3 expression predicts poor prognosis
in ccRCC patients

To verify whether SNHG3 could play a role as an

© AME Publishing Company.
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independent prognostic factor for ccRCC, the relationship
between SNHG3 expression level and clinicopathological
parameters (histologic grade, T stage, distant metastasis,
and lymph node infiltration) in ccRCC was evaluated. The
analysis results of TCGA-Kidney renal clear cell carcinoma
(KIRC) illustrated that SNHG3 expression differences
were observed between grade 2 and grade 4 (P=0.002;
Figure 2C), and grade 3 and grade 4 (P=0.02; Figure 2C).
SNHG?3 expression showed significant differences between
T1 and T3 (P=0.009; Figure 2D), T4 (P<0.001; Figure
2D), T2 and T4 (P<0.001; Figure 2D), and T3 and T4
(P=0.007; Figure 2D). Additionally, SNHG3 expression
exhibited significant differences in cases of not only distant
metastasis but also lymph node infiltration in ¢ccRCC
(P<0.001, Figure 2E; P=0.008, Figure 2F). Furthermore,
univariate and multivariate Cox regression analyses were
performed. Univariate Cox regression analysis showed that
SNHG3, age, grade, and stage were associated with ccRCC
prognosis (P<0.001; Figure 2@G); multivariate Cox regression
analysis, which included the above factors with P values
less than 0.05, showed that SNHG3, age, grade, and stage
were associated with ccRCC prognosis and hazard ratio
(HR) >1 (P<0.001; Figure 2H). The results suggested that
elevated SNHG3 expression predicted poor outcomes as an
independent prognostic biomarker in ccRCC.

To verify whether elevated SNHG3 expression had
an impact on ccRCC patient survival, we extracted the
survival data from TCGA-KIRC. To better understand
whether there is an association and difference between
SNHG?3 expression levels and survival of ccRCC patients,
the patients were categorized based on median SNHG3
expression into low and high SNHG3 expression groups
and survival analyses were conducted. Based on Kaplan-
Meier curves, the higher SNHG3 expression group had
significantly lower overall survival (OS) than the low
expression group (P<0.001; Figure 2I). High SNHG3
expression was associated with a lower progression-free
survival (PFS) than low expression (P=0.006; Figure 27).
Finally, receiver operating characteristic (ROC) curve
analysis showed that SNHG3 had the ability to predict the
future prognosis of ccRCC patients. The areas under the
curve (AUGCs) at 1, 3, and 5 years were 0.665, 0.651, and
0.693, respectively (Figure 2K).

Functional enrichment analysis reveals that SNHG3 is
related to cellular life activities

CcRCC patients’ gene expression profile was extracted
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Figure 2 SNHG3 is upregulated and associated with various clinicopathological parameters in ccRCC. (A) The expression of SNHG3 in 541
ccRCC tissues and 72 normal tissues based on data from TCGA database. (B) The expression level of SNHG3 based on data from the GEO
dataset (GSE53757) (n=72). (C-F) Differences in SNHG3 expression level with different clinicopathological features: histologic grade, T
stage (T), distant metastasis (M), and lymph node infiltration (N) in ccRCC. (G) Univariate Cox regression analysis. (H) Multivariate Cox
regression analysis. (IJ) The Kaplan-Meier curves of SNHG3 in ccRCC for both overall survival and progression-free survival. (K) The
AUCG:s at 1-, 3-, and 5-year for SNHG3. ***, P<0.001. ccRCC, clear cell renal cell carcinoma; TCGA, The Cancer Genome Atlas; GEO,

Gene Expression Omnibus; CI, confidence interval; AUCs, areas under the curve.

© AME Publishing Company.

Transl Cancer Res 2025;14(2):1008-1023 | https://dx.doi.org/10.21037/tcr-24-1509



T
w“.w |".|-|'.1a~ A

et

I AP e
.f‘ﬁl.‘", q"r: i ‘1. w”\” 'ﬁ;‘rgﬂ.

s

N ‘\"j il I'sf )

|
}'. bl
.h‘\\l“\'.l I

il
|'|H i R {
l }lepﬁp.“.l"" iy
W etk

i S yi
:lt'nl(xlllr:u e ll |H|

!ln i 17 |"|||| Wi
ik pll ul‘ III| bl If(

\,n, Wl II’ hl I| i

I
I ",' il
Iu':“m u..'lu i Il

: sty
.| ! "‘ ‘..'Hl\ j
N Y Il II

'

\lHI

il il i "i'

i

| | | ]
Ii H 1 4 L |“ ‘

i HH H,

| "'Irl.I ‘1 g

|
| i AR e m|[u

it

"""'l 1 ||

)| / ur]; "L||

o oit

L J""#.r i

i ,','iﬁ'f.lp;.'. il

A S s v

HA

¥
uu';"‘n

h L."l i

Aol _
_ Prae
_ o
Phototransduction | oo
oo
Ofeclony tmnsucton _
ypatopticcaromyopaty | -
H
SAK-STAT g patay |
3
e
Cardac muscle convacton|
5 % 5 @ = =

“n.ul l
Loy

!
Wi

i imty

,Hmlllr I..w,

N}

.Wm i “ m| ey ih

.u\‘
i

4.."."| :".:' Vi w.'[‘.nﬂ '*"'H“y' !}.l‘f!.m U

(e EIII!II

| |\| s I"|5|u ||nf

:1 z\ el o i
! b e ; ,"ulll‘.‘i K’,,,‘}Hlﬂf
1= ..!‘; o e tal
e S TR S AR b
e i,-;!..;.r;.lg.;:;.;,s "
e fmf e f iy ‘ I""}v. 3 '\“‘II'F‘
i Al
=] i

s

i "
|||:'4"

Li et al. SNHG3 in prognosis and immunity of ccRCC

15
T w B
|'I|I| J I)'l|‘\}ll1lu::szm 10 | High "
062 5 -
|v|\ i |I) i HER [ —
| § 0
\ = [— I
TR A T | I
j..,[ iign  —
l LI nal b ort = = LJ
| \l g — |
J I| H Pl ¢ Woraseicioncwret s | [
1;, 1;3“{;. i/ ==
el il . r‘ ! — b
m il | E— ; I::
A1 | —
gl .
AL =
| Al |
: I
3‘,| , ’K'! | I
i il ——
l‘ "1 1| vhll | I
li ivity | e
. =
A n‘w’( |
| x|
L :'# :‘ nu‘ o ;-
ll[rl‘“ﬂ 1l \’ S 3 E) F) ® £

u‘\”h‘ h‘\"‘ wi

[ \ I \ I\ \H “ \IH \’H h
HFH’\IHII\IIHIHI\!II\I\I\\Ill 1l bl iy W\ ‘H‘ w"\ 1 H\“\H Mhm

Ranked i

Rankin rdered dtaset

Figure 3 Enrichment analyses of differentially expressed DEGs. (A) Heatmap of DEGs. CcRCC patients were divided into high- and low-

expression groups based on the median expression value of SNHG3. (B) GO analysis. (C) KEGG analysis. (D) Six biological functions
related to SNHG3 by GSEA analysis. (E) Six metabolic pathways related to SNHG3 by GSEA analysis. DEG, differentially expressed genes;
ccRCC, clear cell renal cell carcinoma; GO, Gene Ontology; BP, biological process; CC, cellular component; MF, molecular function;
KEGG, Kyoto Encyclopedia of Genes and Genomes; GSEA, Gene Set Enrichment Analysis.

from TCGA-KIRC. Based on the median expression value
of SNHG3, ccRCC patients were divided into high- and
low-expression groups, and 117 DEGs in both groups were
visualized in heatmaps, including 93 upregulated genes and
24 downregulated genes (Figure 3A4).

To explore the potential functions of those DEGs,
GO and KEGG analyses were performed in this study.
GO annotation showed significant enrichment of DEGs
in multiple cellular life activity-related pathways, such as
meiotic nuclear division, cilium movement, DNA packaging
complex and protein-DNA complex, etc., suggesting that
SNHG3 may involve in cell proliferation and division
(Figure 3B). KEGG analysis showed significant enrichment

© AME Publishing Company.

of DEGs in neuroactive ligand-receptor interaction, taste
transduction, alcoholism, neutrophil extracellular trap
formation pathway, etc (Figure 3C).

To find out the role SNHG3 played in ccRCC, GSEA
was conducted to explore the biological functions and
metabolic pathways connected with SNHGS3. Specifically,
SNHG3 was found to be related to blood coagulation
intrinsic pathway, phagosome acidification, protein
activation cascade, transferrin transport, proton transporting
V-type ATPase complex, and vascular proton transporting
V-type ATPase complex (Figure 3D). Additionally, SNHG3
was associated with metabolic pathways such as ascorbate
and aldarate metabolism, glyoxylate and dicarboxylate

Transl Cancer Res 2025;14(2):1008-1023 | https://dx.doi.org/10.21037/tcr-24-1509
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metabolism, nicotinate, and nicotinamide metabolism,
olfactory transduction, pantothenate and CoA biosynthesis,
and proximal tubule bicarbonate reclamation (Figure 3E).
These findings indicate that SNHG?3 is involved in various
cellular life activities.

SNHG3 plays a role in the immune microenvironment of

cRCC

After grouping by SNHG3 expression median values, the
SNHG?3 high expression group had significantly higher
immune scores than the SNHG3 low expression group
by using the ESTIMATE algorithm (P<0.001), while the
stromal score showed no differences between the two
groups (Figure 44), which suggested that SNHG3 expression
was connected with immune cell infiltration in the ccRCC
microenvironment to some extent.

Further, we evaluated the relationship between SNHG3
expression and each immune cell in ccRCC, among which
follicular helper T cells, T cells regulatory (Tregs), memory
B cells, and activated CD4 T memory cells were positively
correlated with SNHG3, while M2 macrophages, resting
CD4 T memory cells, activated dendritic cells, resting mast
cells were negatively correlated with SNHG3 (Figure 4B).
The relationship between SNHG3 and each immune cell
type was shown separately by linear plots (Figure 4C-47).

Subsequently, by using the CIBERSORT algorithm, we
explored the ability of SNHG3 to influence the distribution
of immune infiltrating cells in ccRCC. After grouping,
the results showed that follicular helper T cells, Tregs,
and activated dendritic cells were abundant in the SNHG3
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high expression group; naive B cells, MO macrophages, and
resting mast cells were more abundant in the SNHG3 low
expression group (Figure 4K).

Since SNHG3 demonstrated an association with the
above immune cells, we would like to find out whether the
survival of ccRCC patients changes under different states of
immune cell infiltration. So we performed survival analyses
based on TIMER2.0, combined with different immune
infiltrated cells in Figure 4K. We discovered that elevated
levels of MO macrophages, Tregs, and follicular helper T
cells led to a poorer prognosis in ccRCC patients in the
SNHGS3 high expression group (P<0.05); however, in the
SNHG?3 low expression group, MO macrophage, Tregs, and
follicular helper T cells levels had no significant differences
on the prognosis (P>0.05; Figure 4L-4N). These results
further suggested that SNHG3 was associated with various
immune cells.

SNHG3 is sensitive to immmunotherapy, chemotherapy, and
targeted drugs

The upregulation of immunosuppressive checkpoints by
tumor cells is one of the factors that contribute to immune
escape, which is now known to be one of the mechanisms
that promote tumor progression. We evaluated the
relationships between the expression of SNHG3 and several
immunological checkpoints (Figure 40). The findings
demonstrated a favorable correlation between SNHG3
expression in ccRCC and a number of inhibitory checkpoint
molecules, including TNFSF14, IDO2, TNFRSF25,
CTLA4 and TNFRSF18. All relevant immunosuppressive

B T cells follicular helper <0.001
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B cells memory 0.009
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checkpoints were performed correlation analysis in
TIMER2.0. Only CTLA4 was positively correlated
with SNHG3 expression, suggesting a close relationship
between SNHG3 expression and CTLA4 expression
(Figure 4P). We also explored the variations in sensitivity to
immunotherapies, chemotherapy, and targeted medications
between the SNHG3 high- and low-expression groups in
order to enhance the outcomes of ccRCC patients. With
a mean score of 8.0645 for the SNHG3 low expression
group and 8.21875 for the SNHG3 high expression group,
the analysis of immunotherapies based on TCIA revealed
that anti-CTLA4 treatment was effective in the SNHG3
high expression group (Figure 5A-5D). Based on CARE
scores, we found that most drugs in the Cancer Cell Line
Encyclopedia (CCLE) and the Cancer Therapeutics
Response Portal (CTRP) were effective against SNHG3
(Figure SE). The IC;, of axitinib, 681640, 5-fluorouracil,
AG-014699, AR-42, AS605240, and AT-7519 were later

© AME Publishing Company.

discovered to be greater in patients in the SNHG3 low
expression group than in the high expression group using
the R package “pRophetic” (Figure SF-5L). The SNHG3
high-expression group may be more susceptible to these
medications, we concluded.

Effects of SNHG3 on expression, proliferation, and
migration of ccRCC cells, and SNHG3 is distrvibuted in the
cell nucleus

To confirm that SNHG3 expression has statistical
differences in normal and ccRCC tissues, we examined
SNHG3 expression in HK-2 and 786-O cells. qPCR results
showed that compared to HK-2 cells, SNHG3 expression
was elevated in 786-O cells (P<0.05; Figure 64). This
result was also confirmed on renal cancer specimens from
ccRCC patients (P<0.01; Figure 6B). In order to learn more
about SNHG3’s biological role in ¢ccRCC, si-SNHG3 was
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transfected into 786-O cells, and transfection efficiency was
assessed (P<0.001; Figure 6C). The findings of the wound
healing experiment demonstrated that the knockdown of
SNHG3 decreased the ability of tumor cells to migrate
(P<0.01; Figure 6D). According to MTT findings, tumor
cells’ ability to proliferate was decreased when SNHG3 was
knocked down (P<0.05; Figure 6E). According to the FISH
findings, SNHG3 was present in the cell nuclei of HK-2 and
786-0 (Figure 6F).

Discussion

In recent years, RCC morbidity and mortality rates have
been showing a continuously increasing trend, becoming
the seventh most common cancer in the United States (6).
Current evidence suggests that ccRCC is the most important
factor contributing to death of RCC patients (24). Although
surgery is the main treatment for metastatic or non-metastatic
ccRCC, there is still a risk of postoperative recurrence.
Unfortunately, chemotherapy and radiotherapy exhibit limited
efficacy (25).

CcRCC is characterized as a metabolic disease with
significant alterations in energy metabolism (26,27). There
is a distinct partitioning of metabolic flux through glycolysis,
as evidenced in recent studies (28-30). Additionally,
studies have shown that various pathogenic mechanisms
such as mitochondrial dysfunction, lipid metabolism, and
angiogenesis pathogenesis are involved in ccRCC (31-34).
Emerging evidence further indicates that the activation
of certain metabolic pathways plays a role in modulating
angiogenesis and inflammatory signaling, which can
contribute to both the onset and progression of ccRCC and
potentially lead to drug resistance (35-37). This complexity
in pathogenesis presents significant challenges for treatment.

In recent years, with significant progress achieved
in science and technology, more biomarkers, including
IncRNAs, have been used for the diagnosis and prognosis
of malignancies (38-40). LncRNAs can modulate genes
at epigenetic, transcriptional, and post-transcriptional
levels and regulate the occurrence and outcome of the
disease (5,41). Increasing evidence has demonstrated that
upregulated SNHG3 expression links to poor prognosis in
various tumors, including ccRCC (42,43). Interestingly,
SNHG3 can promote the proliferation and metastasis of
breast cancer cells by inhibiting mitochondrial oxidative
phosphorylation and increasing glycolysis level. This
suggests the therapeutic potential of SNHG3 targeting the
tumor microenvironment (TME), but whether SNHG3
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also has a similar effect in ccRCC remains unclear (44).
Moreover, as ccRCC is one of the most immunologically
invasive tumors associated with immune cell infiltration,
much literature highlights the potential of immunotherapy,
which has garnered significant interest (45-48). Jiang et 4l.
found that SNHG3 could regulate immune cell infiltration
and further regulate ccRCC progression by regulating
the downstream target genes (49). These findings lead
us to associate SNHG3 with the possibility of regulating
immunity in ccRCC, and we speculate that SNHG3
regulates ccRCC by regulating immunity.

By performing bioinformatics analysis and experimental
validation, we found that SNHG3 could regulate the
proliferation and migration functions of ccRCC, which
implies that SNHG3 has the ability to act as a biomarker. In
addition, many immune cells, including follicular helper T
cells and Tregs were closely related to SNHG3 with different
degrees of infiltration in SNHG3 high and low expression
groups of ccRCC. Subsequently, we conducted survival
analyses and found elevated levels of MO macrophages,
Tregs, and follicular helper T cells led to a worse prognosis
of ccRCC patients. Subsequently, the relationship between
SNHG3 and various immune checkpoints was explored.
Ghini ez 4l. showed that inhibition of immune checkpoints
enhanced immune escape in Non-small cell lung cancers (50).
We also explored the feasibility of immunotherapy and drug
sensitivity of SNHG3. Our study shares both similarities
and distinctions with the work of Xu er /. Both studies
demonstrated that SNHG3 regulates the proliferation
and metastatic behavior of ccRCC. Xu er a/. concentrated
on identifying a competing endogenous RNA (ceRNA)
regulatory axis, which includes SNHG3, to explore potential
therapeutic targets for ccRCC. Our study reveals an
association between SNHG3 and immune cell infiltration in
ccRCC, suggesting a regulatory link between SNHG3 and
the immune microenvironment. This finding highlights the
potential of SNHG3 as a therapeutic target for ccRCC from
an immunological perspective (11).

The TME comprises tumor cells and surrounding non-
tumor components. In addition to immune cells, TME also
includes non-immune cells such as fibroblasts, adipocytes
and physical components, which together constitute a
dynamically changing environment for the development of
tumor cells (51). Research has shown that T cells, especially
CD8 T cells, make up a large part of the ccRCC immune
microenvironment (52). CD4 T cells that consist of different
cell subsets like helper T 1 (THI) cells, helper T 2 (TH2)
cells, helper T 17 (TH17) cells, Tregs, and follicular helper
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T cells are also present in the TME. Depending on the
physical and chemical properties of the environment,
different states of CD4 T cells themselves can have two
distinct effects on tumor promotion or inhibition (53). Tregs
play a negative regulatory role in immunity and maintain
immune homeostasis (53). The expression of various
molecules can regulate immune activity within the TME of
ccRCC (54-56). The study by Fu et 4l. has demonstrated that
Tregs stimulated by interleukin-23 (IL-23) could enhance
immunosuppression (57). Consistent with the literature, we
found that high level of infiltration of Treg cells was linked
to poor outcomes in ccRCC patients. In contrast to Tregs,
CD8 T cells are involved in anti-tumor immune responses
and may improve patient prognosis. Their infiltration
acts as a suppressor of some tumors, including ccRCC.
In TME, a reduction in T-reg cell numbers leads to an
increase in CD8 T cells, helping to slow tumor growth (58).
However, CD8 T cell infiltration showed no such trend
in our study. It is well established that M1 and M2
macrophages are differentiated from MO macrophages.
Generally, macrophages are associated with poor prognosis,
but strong tumor infiltration by CD14°CD40" macrophages
is associated with a good prognosis (59). Interestingly,
according to our findings, high MO infiltration led to
poor prognosis in ccRCC patients, unlike M1 and M2
macrophages. The above results suggested that immune
cell subpopulations might have different prognostic values
depending on their spatial distribution within the tumor.
It is important to note that using different algorithms for
immune cell profiling may contribute to variable results,
highlighting the need for further experimental validation in
future studies.

IncRNAs can regulate tumor cellular activities in
different ways. It has been shown that IncRNAs can regulate
tumor development by recruiting DNA methyltransferases
(60,61). Huili er 4/. discovered that some IncRNAs regulate
the cuproptosis process in ccRCC (62). Since most IncRNAs
regulate tumors by mediating downstream signaling
molecules, it is necessary to further study the mediating
effect of SNHG3 on downstream signaling to affect the
progression of ccRCC. Liu et al. confirmed that knockdown
of COL18A1-AS1/miR-1286/KLF12 axis regulated lipid
browning further repressing ccRCC progression, which
again illustrated the diverse regulatory pathways of IncRINA
SNHG3 (63). In addition, the regulation of ccRCC by
IncRNA may be related to biological functions such as
glycolysis and the maintenance of genomic stability (64,65).
It has been shown that the highest enrichment of glycolytic
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intermediates occurs in primary ccRCC (66), suggesting
that regulation of ccRCC through glycolytic metabolism is
likely one of the key pathways of IncRNA action. However,
further experiments are needed to confirm whether SNHG3
has similar functions in ccRCC.

The study still has limitations. Firstly, we did not
experimentally illustrate the relevance and possible
regulatory role of SNHG3 on immune cell infiltration in
ccRCC. By reviewing the literature, we found that most
of the results on SNHG3’s relationship with immune cell
infiltration in the TME of ccRCC or other cancers are
largely based on existing database analyses. Secondly, we
did not conduct in vive experiments to examine the role
of SNHG3 in ccRCC regulation. We could refer to the
findings of Chong Zhang and colleagues, who reported
that knockdown of SNHG3 inhibits ccRCC cell growth and
metastasis 7 vivo (43). Thirdly, the specific mechanisms by
which SNHG3 regulates ccRCC remain unclear, and further
research is needed to understand its downstream regulatory
network and its effect on immune cells. These limitations
should be addressed in future studies.

Conclusions

In brief, SNHG3 promotes the proliferation and migration
of ccRCC cells, suggesting that SNHG3 could be a potential
marker for predicting prognosis of ccRCC. Additionally,
we discovered that SNHG3, correlated to immune cell
infiltration, is a potential regulatory and therapeutic target
that may create new possibilities for the clinical precision
immunotherapy of ccRCC.
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