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Background: SIRT7 has been shown to be expressed in many cancer types, including clear cell renal cell carcinoma (KIRC), but its
functional role in this oncogenic context remains to be firmly defined. This study was designed to explore correlations between SIRT7
and KIRC characteristics using the TCGA database.

Methods: Relationships between SIRT7 expression and KIRC patient clinicopathological characteristics were assessed through
Kruskal-Wallis tests, Wilcoxon signed-rank tests, and logistic regression analyses. Area under the ROC curve (AUC) values were
used to assess the prognostic value of SIRT7 as a means of classifying clear cell renal cell carcinoma patients. The functional role of
SIRT7 in this cancer type was assessed through GO/KEGG enrichment analyses and immune cell infiltration analyses.

Results: In KIRC patients, higher levels of SIRT7 expression were associated with Race, M stage, T stage (all P < 0.05). SIRT7
offered significant diagnostic value in ROC curve analyses (AUC = 0.912), and elevated SIRT7 levels were linked to worse patient
overall survival (OS; P < 0.001). The expression of SIRT7 was independently related with KIRC patient OS (HR: 1.827; 95% CI:
1.346-2.481; P<0.001). In GO/KEGG analyses, SIRT7 was found to be associated with ubiquitin-mediated proteolysis and nucleotide
excision repair. Higher SIRT7 expression was related to the enhanced infiltration of certain immune cells.

Conclusion: Increased SIRT7 expression was associated with a worse KIRC patient prognosis, and immune infiltrates, suggesting it
may offer value as a prognostic biomarker for this cancer type.
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Introduction
Renal cell carcinoma (RCC) is the deadliest form of urological cancer.' Between 60% and 85% of all RCC cases are of
the kidney RCC (KIRC) subtype, with approximately 1/3 of KIRC patients exhibiting metastases at the time of diagnosis
that are associated with poor survival outcomes.” KIRC tumors are highly heterogeneous in nature, often harboring
myriad complicated genetic alterations and signaling abnormalities. A variety of genetic, environmental, and lifestyle-
related factors are linked to the etiology of this tumor type. The primary current treatments for KIRC patients include
surgery, chemotherapy, radiotherapy, and targeted treatment. However, the results of clinical trials testing targeted
molecular therapeutics have been unsatisfactory to date.>* Recent efforts based on studies of the Biology of KIRC
have identified novel therapeutic targets with the potential to improve patient outcomes. Multiple signaling pathways
have been shown to serve important functional roles in the regulation of KIRC onset, progression, recurrence, and
therapeutic resistance, yet the underlying molecular mechanisms remain to be fully elucidated.>® Identifying reliable,
sensitive biomarkers of KIRC has the potential to aid in the diagnosis and prognostic evaluation of patients, enabling
clinicians to better guide patient care and to formulate appropriate individualized treatment regimens.

Sirtuins (SIRTs) are a family of 7 (SIRT1-7) highly-conserved class III nicotinamide adenine dinucleotide (NAD+)-
dependent histone deacetylases.” These SIRTs localize to different subcellular regions and exhibit distinct catalytic
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activities and substrates, regulating cellular survival, transcription, DNA repair, differentiation, proliferation, longevity,
senescence, and other biological processes.® '° SIRT7 was the most recently designated SIRT family protein. Encoded on
chromosome 17q25.3, SIRT7 has been shown to serve as a key regulator of rDNA transcription, processing, and
maturation.'' A growing body of evidence has also shown that SIRT7 plays important roles in tumor cells wherein it
can shape central oncogenic processes such as metastasis, proliferation, transformation, radioresistance, and chromatin
modification-related stress responses.'? In thyroid cancer, SIRT7 can activate p70S5K1 and AKT via the DBC1/SIRT1
axis."® Furthermore, SIRT7 can upregulate p-ERK and p-MEK expression at the epigenetic level, thereby promoting the
progression of colorectal cancer.'* In hepatocellular carcinoma (HCC) cells, the expression of SIRT7 has been reported to
fall under the control of miR-145,'> while in prostate cancer cells it can drive enhanced migratory and proliferative
activity.'® Intriguingly, SIRT7 plays an important role in the development and progression of human bladder cancer.'”
However, there is currently insufficient data available regarding the biological importance of SIRT7 in KIRC.

The present study was formulated to establish the relative expression of SIRT7 in KIRC patient tumor tissues and
healthy control tissues based upon RNA-sequencing (RNA-seq) data from The Cancer Genome Atlas (TCGA) and GTEx
databases. The relationship between the expression of SIRT7 and KIRC patient clinicopathological features was then
assessed, and the prognostic role of this SIRT family protein in this cancer type was examined. To uncover the potential
functions of SIRT7, a gene set enrichment analysis (GSEA) approach was employed. Lastly, we herein conducted
a thorough investigation of the possible mechanisms whereby SIRT7 controls KIRC onset and progression by examining
associations between the expression of this gene and immune cell infiltration.

Methods

Datasets

Clinical data and RNA-seq results pertaining to 539 KIRC patients and 72 paired paracancerous control tissue samples
were downloaded from the TCGA database in the level 3 FPKM format. These data were then converted into the TPM
format for additional use. In addition, RNA-seq data were downloaded from the TCGA and the GTEx databases from
UCSC Xena in the TPM format.'® All analyses were consistent with the Helsinki Declaration (as revised in 2013). SIRT7
mRNA expression was also assessed in the GSE563757 and GSE40435 GEO datasets.

TIMER Database Analyses

The TIMER database enables users to study the differential expression between tumor and adjacent normal tissues for
any gene of interest across all TCGA tumors.' " For this study, the TIMER database was instead used to assess SIRT7
expression in different cancers.

The Human Protein Atlas

The Human Protein Atlas compiles transcriptomic and proteomic data pertaining to different cellular and tissue samples,
including 44 healthy tissues and 20 different types of cancer. Immunohistochemistry results relevant to KIRC were
downloaded from this database.

SIRT7-Related Gene Enrichment Analysis

SIRT7-interacting proteins were identified using the STRING database to identify predicted interaction partners, with the
species being set to Homo sapiens. Parameters for the prediction of interacting proteins were as follows: meaning of
network edges (“evidence”), Low confidence (0.150), active interaction sources (“experiments”), and the maximum
number of interactors to display (“no more than 50”). The GEPIA2.0 “Similar Gene Detection” module was also utilized
to predict the top 100 SIRT-associated genes in healthy tissue and TCGA tumor tissue datasets. These results were then
integrated for KEGG pathway analyses, and enriched pathways were interpreted with the “tidyr” and “ggplot2”
R packages. Gene Ontology (GO) analyses were conducted with the R “clusterProfiler” package. The enriched biological
processes, molecular functions, and cellular components (BPs, MFs, CCs) were represented with cnet-plots. R v 3.6.3
was used for all analyses, with a two-tailed P < 0.05 as the significance threshold.
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Immune Infiltration Analysis

To approximate immune cell infiltration in KIRC tumors based on gene expression data, a single sample GSEA
(ssGSEA) analysis was conducted using the GSVA v 3.6 R package. Tumor infiltration by 24 different immune cell
types was estimated based on specific gene expression profiles.”' Correlations between SIRT7 expression and infiltration
by these different immune cell subsets were assessed through Spearman and Wilcoxon rank-sum tests, while Pearson
correlation analyses were utilized to assess the relationship between SIRT7 expression and the expression of different
immune checkpoint genes. The relationship between SIRT7 expression and immune cell migratory activity was evaluated
by analyzing chemokines/chemokine receptors with the “chemokine” TISIDB database module.

TISIDB

The TISIDB website enables analyses of the relationships between gene expression and tumor immune cell infiltration.
This website was used to assess the expression of SIRT7 in the context of different immune tumor subtypes including the
C1 (wound healing), C2 (IFN-y-dominant), C3 (inflammatory), C4 (lymphocyte-depleted), C5 (immunologically quiet),
and C6 (TGF-B-dominant) subtypes based on the expression of the SIRT7 gene in different molecular subtypes included
in the TCGA database.

Statistical Analysis

R v. 3.6.3 was used for statistical testing. Relationships between SIRT7 expression and patient clinicopathological
characteristics were assessed via chi-squared tests, logistic regression analysis, Fisher’s exact test, and Wilcoxon rank-
sum tests (WRST). Associations between SIRT7 expression and the overall survival (OS) of KIRC patients in the TCGA
database were assessed via Kaplan-Meier analyses. Univariate and multivariate analyses were conducted to evaluate
correlations between clinical and genetic findings, and Cox proportional hazard models were used to evaluate patient OS.
P < 0.05 was the significance threshold.

Results

Baseline Patient Characteristics

In total, data from 539 patients with KIRC in the TCGA database were downloaded in March 2021 (Table 1). These KIRC
patients were then stratified into two groups based upon whether patients were above or below the mean SIRT7 expression
levels (n=270 and n=269, respectively). Next, associations between SIRT7 levels and KIRC patient clinicopathological
properties were assessed, revealing the expression of this gene to be related to T stage, M stage, and Race (P < 0.05).

SIRT7 Were Highly Expressed in KIRC

To explore the potential functional roles of SIRT7 in KIRC, we began by using the TIMER database to survey the
expression of this gene in patient samples. This analysis indicated that SIRT7 was expressed at significantly higher levels
in KIRC tumors as compared to normal renal tissue samples (Figure 1A), and that it was similarly expressed at high
levels in other cancer types including bladder urothelial cancer, breast invasive carcinoma, cholangiocarcinoma,
esophageal carcinoma, kidney renal papillary cell carcinoma, lung adenocarcinoma, prostate adenocarcinoma, HCC,
and stomach adenocarcinoma tissues relative to corresponding adjacent control tissues. SIRT7 levels were, in contrast,
lower in colon adenocarcinoma and kidney chromophobe tissues relative to adjacent control tissues. No data pertaining to
SIRT7 expression was available for adrenocortical carcinoma, lymphoid neoplasm diffuse large B-cell lymphoma, or
brain lower grade glioma tumors in this database.

To explore the link between SIRT7 expression and KIRC patient clinical findings, we leveraged the TCGA database
and found that, consistent with the above results, SIRT7 was significantly upregulated in 539 KIRC tumor tissue samples
as compared to 72 normal control tissue samples (P<0.001; Figure 1B). Meanwhile, we also evaluated the SIRT7
expression in 72 KIRC tissues and their matched adjacent tissues, and the obtained results indicated that the SIRT7
expression was elevated in KIRC tissues (P <0.001;Figure 1C). The GTEx and TCGA databases were then combined to
explore SIRT7 mRNA expression patterns in KIRC, revealing it to again be significantly upregulated in 531 tumor tissue
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Table | Correlation Between SIRT7 Expression and Clinicopathological Characteristics in KIRC
Characteristic Levels Low Expression of SIRT7 High Expression of SIRT7 ]
n 269 270
T stage, n (%) TI 152 (28.2%) 126 (23.4%) 0.030
T2 35 (6.5%) 36 (6.7%)
T3 80 (14.8%) 99 (18.4%)
T4 2 (0.4%) 9 (1.7%)
N stage, n (%) NO 118 (45.9%) 123 (47.9%) 0.529
NI 6 (2.3%) 10 (3.9%)
M stage, n (%) MO 234 (46.2%) 194 (38.3%) 0.021
M 31 (6.1%) 47 (9.3%)
Pathologic stage, n (%) Stage | 149 (27.8%) 123 (22.9%) 0.068
Stage Il 31 (5.8%) 28 (5.2%)
Stage Il 55 (10.3%) 68 (12.7%)
Stage IV 33 (6.2%) 49 (9.1%)
Primary therapy outcome, n (%) PD 5 (3.4%) 6 (4.1%) 0.554
SD 4 (2.7%) 2 (1.4%)
PR 0 (0%) 2 (1.4%)
CR 66 (44.9%) 62 (42.2%)
Gender, n (%) Female 85 (15.8%) 101 (18.7%) 0.184
Male 184 (34.1%) 169 (31.4%)
Race, n (%) Asian 1 (0.2%) 7 (1.3%) < 0.001
Black or African American 18 (3.4%) 39 (7.3%)
White 246 (46.2%) 221 (41.5%)
Histologic grade, n (%) Gl 4 (0.8%) 10 (1.9%) 0.108
G2 128 (24.1%) 107 (20.2%)
G3 98 (18.5%) 109 (20.5%)
G4 33 (6.2%) 42 (7.9%)
Age, meidan (IQR) 61 (53, 70) 60 (51, 69) 0.943

samples relative to 100 normal tissue samples (P <0.001; Figure 1D). This was similarly confirmed in an analysis of the
GEO database (P<0.001, 0.005; Figure 2A and B). Correspondingly, the expression of SIRT7 protein is significantly
higher in KIRC tissue as compared to normal tissue in comparison to that in normal tissue in the Human Protein Atlas
(Figure 2C). Together, these data highlighted a potential role for SIRT7 as a regulator of KIRC onset and progression.

SIRT7 Upregulation is Associated with Poor KIRC Clinical Features

In total, clinical information and SIRT7 expression levels were available for 539 KIRC patients in the TCGA database.
We therefore explored the relationship between SIRT7 levels and these clinicopathological findings through univariate
analyses which revealed SIRT7 expression to be associated with Race, T stage, M stage, and pathologic stage (Table 2).
Specifically, elevated SIRT7 levels were associated with T stage, M stage, Race, and pathologic stage (all P< 0.05;
Figure 3A-D). These results suggested that KIRC patients with higher SIRT7 levels are more likely to exhibit more
advanced disease as compared to patients with lower levels of SIRT7 expression.

Elevated SIRT7 Expression is Independently Associated with Decreased KIRC Patient

Overall Survival

The relationship between KIRC patient OS and SIRT7 expression levels was next assessed via the Kaplan-Meier
approach. This revealed higher levels of SIRT7 to be associated with a worse prognosis (P<0.001; Figure 4A).
Subgroup analyses further confirmed a link between SIRT7 upregulation and a poorer prognosis for KIRC patients
with T2 stage (P=0.015), T3 stage (P=0.04), NO stage (P<0.001), MO stage (P=0.037), Male (P<0.001), Histologic grade
G3 (P=0.001), Histologic grade G4 (P=0.048), Pathologic stage II/III (P = 0.015), and Pathologic stage IV disease (P =
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Figure | The expression of SIRT7 in KIRC. (A) SIRT7 levels were assessed in different tumors in the TIMER database (*P <0.05, **P < 0.01, ***P < 0.001). (B) SIRT7
expression was compared in tumor tissue and control tissue samples in the TCGA database. (C) SIRT7 expression levels were compared for paired tumor and control tissue
samples from the TCGA database (P <0.001). (D) Differences in SIRT7 expression between normal tissues from the GTEx database and control and normal tissues from the
TCGA database were assessed via WRST.
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Figure 2 Assessment of SIRT7 expression levels in KIRC in the GEO database and the Human Protein Atlas. (A) Confirmation of SIRT7 mRNA upregulation in KIRC
tumors relative to control tissues in the GSE53757 dataset. (B) Confirmation of SIRT7 mRNA upregulation in KIRC tumors relative to control tissues in the GSE40435
dataset. (C) SIRT7 protein levels were increased in KIRC tissues relative to control samples from the Human Protein Atlas (Antibody HPA065208, 10X).

0.014), as well as for patients > 60 years old (P = 0.004), and < 60 years old (P = 0.003) (Figure 4B-L). SIRT7 is thus an
independent predictor of impaired survival among KIRC patients.

Variables significantly related with patient outcomes in univariate Cox regression analyses included T stage, M stage,
N stage, pathologic stage, age, Gender Male, histologic grade, and SIRT7 expression levels (all P<0.001). No significant
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Table 2 The Expression of SIRT7 Has Been Linked with the Clinicopathological Features (Logistic Regression)
Characteristics Total (N) Odds Ratio (OR) P value
T stage (T3&T4 vs TI&T2) 539 1.520 (1.066-2.174) 0.021
N stage (NI vs NO) 257 1.599 (0.575-4.828) 0.378
M stage (M| vs MO) 506 1.829 (1.123-3.014) 0.016
Pathologic stage (Stage Il1&Stage IV vs Stage I&Stage II) 536 1.585 (1.117-2.255) 0.010
Primary therapy outcome (CR&PR vs PD&SD) 147 1.091 (0.393-3.074) 0.866
Gender (Male vs Female) 539 0.773 (0.541-1.103) 0.156
Race (White vs Asian&Black or African American) 532 0.371 (0.207-0.643) <0.001
Age (>60 vs <60) 539 0.964 (0.687-1.351) 0.829
Histologic grade (G4&G3 vs G2&Gl) 531 1.300 (0.925-1.832) 0.132
Serum calcium (Low vs Elevated) 213 0.862 (0.233-3.188) 0.819
Hemoglobin (Low vs Elevated) 268 1.489 (0.243-11.439) 0.666
Laterality (Right vs Left) 538 0.861 (0.613-1.209) 0.388

association was found between SIRT7 expression and a poorer prognosis for KIRC patients with T1 stage, T4 stage, N1 stage,
Gender Female, Histologic grade G1, Histologic grade G2, and Pathologic stage I (Supplementary Figure SIA-G). In
a subsequent multivariate analysis, M stage (P<0.001), SIRT7 expression (P=0.002), pathologic stage (P=0.017), age
(P=0.009), and histologic grade (P=0.015) were all identified as independent predictors of KIRC patient OS (Table 3).
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Figure 3 The association between SIRT7 expression and KIRC patient clinicopathological findings. Associations between SIRT7 expression and T stage, pathologic stage,
M stage, and Race among KIRC patients in the TCGA database are respectively shown in Figures (A-D).
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Figure 4 The association between SIRT7 expression and KIRC patient overall survival. (A) Kaplan-Meier curves for SIRT7 expression levels in the overall KIRC patient
cohort. (B-L) Subgroup analyses for patients with stage T2/T3, NO stage, MO stage, Histologic grade G3 /G4, and Pathologic stage II/IIl/IV disease, as well as for male
patients, patients > 60 years old, and patients < 60 years old.

SIRT7 Offers Value as a Diagnostic Biomarker for KIRC

Next, we employed ROC curves to explore the value of SIRT7 as a diagnostic biomarker for KIRC. The AUC value for
SIRT7 was 0.912, consistent with its utility as a gene that can reliably differentiate between KIRC tumors and healthy
normal tissue samples (Figure 5A). SIRT7 was similarly reliable as a biomarker capable of differentiating between
tumors of different stages, with respective AUC values of 0.912, 0.854, 0.924, and 0.945 for stage I, II, 111, and IV KIRC
tumors (Figure SB-E). As subgroup analyses additionally confirmed the diagnostic relevance of SIRT7 for different
KIRC patient clinicopathological characteristics above, a nomogram integrating SIRT7 expression and other clinical
variables was generated to predict the 1-, 3-, and 5-year OS of KIRC patients (Figure 6).

Analysis of SIRT7-Associated Genes and Proteins in KIRC

In an effort to elucidate the mechanisms whereby SIRT7 functions in KIRC tumors, we next identified predicted SIRT7-
interacting proteins and genes. The STRING tool identified 50 putative SIRT7-interacting proteins for which experimental
evidence of interactions was available (Figure 7A). After integrating KIRC expression data using the GEPIA2.0 tool, the top
100 genes associated with SIRT7 expression were identified (Figure 7B). This analysis revealed SIRT7 expression to be
positively correlated with that of the ENTHD2 (Adaptor Related Protein Complex 4 Accessory Protein 2) (R=0.80),
HDACI10 (Histone Deacetylase 10) (R=0.76), SRRT (Serrate, RNA Effector Molecule) (R=0.75), NUP85 (Nucleoporin
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Table 3 The Association Between KIRC Patient OS and Clinicopathological Findings Identified Through Univariate and Multivariate

Cox Regression Analyses of TCGA Patients

Characteristics Total (N) Univariate Analysis Multivariate Analysis
Hazard Ratio (95% Cl) | P value | Hazard Ratio (95% CI) | P value

T stage (T2&T3&T4 vs TI) 539 2917 (2.095-4.061) <0.001 0.649 (0.304-1.385) 0.264
N stage (NI vs NO) 257 3.453 (1.832-6.508) <0.001 1.402 (0.693-2.833) 0.347
M stage (M| vs MO) 506 4.389 (3.212-5.999) <0.001 2.449 (1.446—4.148) <0.001
SIRT7 (High vs Low) 539 1.827 (1.346-2.481) <0.001 2.043 (1.300-3.213) 0.002
Pathologic stage (Stage IlI&Stage IV vs Stage I&Stage I) 536 3.946 (2.872-5.423) <0.001 2.561 (1.185-5.535) 0.017
Age (>60 vs <60) 539 1.765 (1.298-2.398) <0.001 1.779 (1.156-2.738) 0.009
Histologic grade (G3&G4 vs G1&G2) 531 2.702 (1.918-3.807) <0.001 1.885 (1.129-3.149) 0.015
Gender (Male vs Female) 539 0.930 (0.682-1.268) 0.648

Race (Black or African American&White vs Asian) 532 1.812 (0.253-12.963) 0.554

Laterality (Right vs Left) 538 0.706 (0.523-0.952) 0.023 1.033 (0.667—1.601) 0.884

85) (R=0.75), ARHGEF1 (Rho Guanine Nucleotide Exchange Factor 1) (R=0.75), and ANKRDI13D (Ankyrin Repeat
Domain 13D) (R=0.75) genes (all P<0.001). KEGG and GO enrichment analyses were then conducted for these genes by
merged the two datasets, with enriched pathways including the ubiquitin-mediated proteolysis and nucleotide excision repair
pathways (Figure 7C), suggesting a link between these mechanisms and SIRT7-mediated regulation of tumorigenesis. GO
enrichment analyses suggested these genes to be related to nucleotide excision repair, covalent chromatin modification,
heterochromatin, DNA damage recognition, and ubiquitin-dependent protein binding (Figure 7C).

The Association Between SIRT7 Expression and KIRC Tumor Immune Cell Infiltration
The infiltration of the tumor microenvironment (TME) by different immune cell populations can shape patient survival
outcomes and predict patient prognosis. We thus employed the ssGSEA analysis to assess the link between SIRT7
expression and such immune infiltration in KIRC tumors, revealing SIRT7 levels to be negatively correlated with
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Figure 5 Assessment of the utility of SIRT7 as a diagnostic biomarker for KIRC. (A) ROC curves indicated that SIRT7 expression was an effective means of differentiating
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infiltration by gd T cells, Mast cells, iDCs, Macrophages, Neutrophils, and Th2 cells, as well as positively correlated with
infiltration by NK CD56Pright cells, T helper cells, Cytotoxic cells, CD8+ T cells, Treg cells, and T cells (all P < 0.05;
Figure 8A—G, Supplementary Figure S2).

Based on immune molecular typing profiles in the TISIDB database, we assessed SIRT7 mRNA levels in different
tumor immune subtypes and detected significant differences in SIRT7 expression among the C1 (wound healing), C2
(IFN-ydominant), C3 (inflammatory), C4 (lymphocyte-depleted), C5 (immunologically quiet), and C6 (TGF-f dominant)
KIRC subtypes (Figure 8H). The significant change of immune cell infiltration level under various copy numbers of
SIRT7 in KIRC was observed by using TIMER database (Figure 8I).

Immune checkpoint inhibitors have emerged as increasingly promising tools for the immunotherapeutic treatment of
many cancer types.”*> We thus assessed correlations between SIRT7 expression and the levels of 40 different immune
checkpoint genes in KIRC, revealing it to be correlated with 36 of these genes including CTLA4, CD274, CD276, and
TNFRSF25 (Figure 9A). CTLA4 is a key biomarker of immune checkpoint inhibition that is amenable to therapeutic
targeting.”* Given these observed correlations, these results suggested that SIRT7 may play a central role in modulating
the immune responsiveness of KIRC tumors. To more fully explore the link between the expression of SIRT7 and the
migratory activity of immune cells, we additionally examined correlations between SIRT7 levels and the expression of
different chemokines and chemokine receptors (Figure 9B—G). This revealed SIRT7 to be positively correlated with the
expression of CCL5 (r = 0.423, P <2.2e—16), CCL17 (r = 0.302, P =1.35¢—12), CXCL2 (r = 0.271, P =2.2e-10),
CXCL13 (r=0.323, P = 2.74e—14), XCL1 (r = 0.373, P<2.2e—16), and XCL2 (r = 0.425, P<2.2e—16) in KIRC. Higher
SIRT7 expression may thus be related to the enhanced infiltration of certain immune cells into the TME.

Discussion

SIRT family proteins are highly conserved NAD+ dependent class IIIl HDACs.*> All seven known mammalian SIRTs harbor
a conserved NAD+ binding domain and catalytic functional domain as well as distinctive N- and C-terminal domains which
enable them to bind to a range of substrates.”® SIRT7 has been linked to important physiological processes such as rRNA
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transcription and modification, cell stress responses, DNA repair, and cellular metabolic activity.?”*® SIRT7 is closely linked to
both aging and cardiac disease, and there is also evidence that it may shape tumorigenesis and associated pathological processes.

In one recent study, SIRT7 overexpression was shown to drive the growth of HCC tumors via the suppression of
p21WAF1/Cipl and the activation of cyclin D1.*’ In gastric cancer, SIRT7 was instead shown to bind to the miR-34a
promoter and to suppress its H3K 18 acetylation, thus decreasing the expression of this miRNA, inhibiting apoptotic cell
death, and thereby enhancing the growth of gastric tumors.>* By modulating CDC4 transcription, SIRT7 can suppress
cytokinesis to promote the proliferation, migration, and invasion of osteosarcoma cells.*' In breast cancer, SIRT7 has
also been shown to suppress SMAD4-dependent metastatic progression, suggesting that this may be a process that is
amenable to therapeutic targeting.*> SIRT7 has also been suggested to promote the activation of the ERK/STAT3
signaling pathway in glioma cells, thereby favoring proliferation and invasion. Together, these prior reports suggest
that SIRT7 can play distinct tumor-specific roles in many cancers.

As there have been relatively few studies to date exploring the expression of SIRT7 in KIRC, we herein conducted an
integrated bioinformatics analysis of its potential diagnostic and functional relevance in this oncogenic setting. We found
that KIRC tumors exhibited marked SIRT7 upregulation which was correlated with patient ethnicity, T stage, M stage,
and pathologic stage. The overexpression of SIRT7 was associated with a poor patient prognosis and decreased OS,
suggesting that SIRT7 may function in an oncogenic manner in the context of KIRC development. Increased SIRT7
expression was also negatively correlated with lung cancer patient OS in a prior study,>® and ROC analyses have
demonstrated the value of SIRT7 as a prognostic biomarker in pancreatic cancer.>*

To gain further insight into the functional role of SIRT7 as a driver of KIRC progression, we conducted pathway analyses
which revealed this gene to be linked to both ubiquitin-mediated proteolysis and nucleotide excision repair. This gene may thus
regulate protein homeostasis and DNA damage repair in KIRC cells. Recent findings suggest that glucose deprivation or
chemotherapy hijacks the GSK3B-SIRT7 axis through ERK2, thereby activating AKT and affecting tumor malignant
progression.®® SIRT7 deficiency in breast cancer cells after Incrna and mrna was mainly involved in regulating carboxylic acid
metabolic processes and in the glycolytic pathway.*®

The tumor microenvironment (TME) is composed of both tumor cells as well as a variety of immune cells and stromal cell
types such as neurons, endothelial cells, and fibroblasts.*”** Analyses of immune cell infiltration within the TME can aid in the
prediction of patient immunotherapeutic responsiveness.*** As such, we explored the association between SIRT7 expression and
tumor infiltration by different immune cell types in KIRC tumors, revealing SIRT7 expression to be moderately associated with
infiltration by NK CD56™"€™ cells, pDCs, macrophages, and Th2 cells. These analyses further suggested that SIRT7 may attenuate
the functions of gd T cells, Mast cells, iDCs, Macrophages, Neutrophils, and Th2 cells in KIRC tumors. T cells are important group
members in the tumor immune microenvironment, and T cells can be broadly divided into aff T cells and yd T cells. There is
a significant negative correlation between yd T cells and Treg cells in hepatocellular carcinoma, and Treg cells inhibit the killing

! in addition, animal

function of y8 T cells through transforming growth factor p and interleukin 10-dependent pathways;”
experiments have shown that yd T cells can inhibit tumorigenesis and progression by secreting IFN-y and inhibiting the pro-
oncogenic components in of T cells.*> Many studies have found that histone deacetylation family inhibitors can promote the
expression of MHC in tumor cells and enable NK cells to recognize and kill tumor cells, a process that is mainly achieved through
NKG2D.* NKG2D is mainly expressed in natural killer cells, CD8+ T cells and y& T cells and plays a role in tumor antigen
recognition and tumor cell killing.** Our results suggest that Sirt7 may affect the differentiation of T cells to some extent,
participate in the impaired function of yd T cells and NK cells in cancer tissues, and promote the growth of tumor cells, and the
specific molecular mechanisms deserve further investigation. SIRT7 expression was also significantly correlated with the
expression of many chemokines, chemokine receptors, and immune checkpoint genes in KIRC tumors, suggesting a range of
mechanisms whereby it may shape the tumor immune microenvironment.

This study is the first to our knowledge to have explored the association between SIRT7 and KIRC patient outcomes.
However, these results are subject to certain limitations. For one, these analyses were primarily based upon bioinfor-
matics analyses, and direct experimental validation is thus warranted. Additionally, there were relatively differences in
the number of healthy subjects (controls) and cancer patients. Furthermore, non-uniform interventions were employed in

retrospective studies. Follow-up research will thus be essential to confirm the validity of our results.
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Conclusions

In summary, the present study demonstrated that KIRC patients exhibit SIRT7 upregulation, which is correlated with
a shorter survival duration. SIRT7 may additionally play a role in mediating the progression of KIRC by modulating the
ubiquitin-mediated proteolysis and nucleotide excision repair pathways. Together, these data thus highlight SIRT7 as
a promising diagnostic and prognostic biomarker in KIRC.
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