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TTC13 expression and STAT3 activation may form a positive
feedback loop to promote ccRCC progression
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Background and Objectives: Renal cell carcinoma (RCC) originates from renal tubular epithelial cells
and is mainly classified into three histological types, including clear cell renal cell carcinoma (ccRCC)
which accounts for about 75% of all kidney cancers and is characterized by its strong invasiveness and
poor prognosis. Hence, it is imperative to understand the mechanisms underlying the occurrence and
progression of ccRCC to identify effective biomarkers for the early diagnosis and the prognosis
prediction.

Materials and Methods: The mRNA level of TTC13 was quantified by RT-PCR, while the protein level
was determined by western blot and immunohistochemistry (IHC) staining. Cell proliferation was
measured by cck-8, and cell apoptosis was detected by flow cytometry. The binding of STAT3 to the
promoter region of TTC13 was determined by the luciferase reporter assay and chip experiments. STAT3
nuclear translocation was assessed by immunofluorescence staining.

Results: We found that TTC13 was up-regulated in ccRCC, and TTC13 promoted cell proliferation as well
as inhibited cell apoptosis and autophagy of ccRCC through wnt/B-catenin and IL6-JAK-STAT3 signaling
pathways. Furthermore, TTC13 might play a role in the immune infiltration and immunotherapy of ccRCC.
Mechanistically, STAT3 activated the transcription of TTC13 gene.

Conclusions: STAT3 directly regulated TTC13 expression through a positive feedback loop mechanism
to promote ccRCC cell proliferation as well as reduce cell apoptosis and autophagy. These findings
suggested new and effective therapeutic targets for more accurate and personalized treatment
strategies.
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Introduction

Renal cell carcinoma (RCC) ranks as the seventh most frequently diagnosed cancer and the second most
common urinary system-related cancer worldwide. The incidence of RCC is different in different regions, as the
developed countries show the highest incidence. RCC mainly includes three types, of which clear cell renal cell
carcinoma (ccRCC) has the highest mortality rate [1]. ccRCC, characterized by hematuria, pain, and the lump in
the kidney area, accounts for about 75% of all kidney cancers; nevertheless, ccRCC is often asymptomatic or
insidious at the early stage. Although there is a significant improvement in the diagnosis and clinical treatment
of ccRCC in recent years, the prognosis of patients with advanced ccRCC is still suboptimal due to the high risk
of metastasis and poor response to radiotherapy and chemotherapy [2]. Therefore, understanding the underlying
mechanisms of the neogenesis and the progression of ccRCC is critical to identify potential biomarkers for early
diagnosis, treatment selection, and prognosis prediction.

Tetratricopeptide repeat domain 13 (TTC13), expressed in 27 tissues including the brain, bladder, heart,
and lung, is a member of a large family of proteins named tetratricopeptide repeats (TPR), which structurally
consists of a degenerate, 34 amino acid repeats. TPR-containing proteins are found not only in many organisms
but also in various subcellular locations, including cytoplasm, nucleus, and mitochondria. Functionally, the TPR
domain plays a role in chaperone, cell cycle, transcription, and protein transport [3]. Although the role of TPR-
related proteins in tumors has been reported in leukemia, liver cancer, and gastric cancer [4, 5], the function of
TTC13 in tumors is not clear, and the expression and the biological functions of TTC13 in ccRCC remain to be
determined.

In this study, we performed multiple bioinformatics analyses and validation experiments to explore the
expression, biological functions, and prognostic value of TTC13 in ccRCC. We for the first time found that
TTC13 was up-regulated in ccRCC, and TTC13 expression was associated with several pathological features
and signaling pathways. In particular, TTC13 could potentially be involved in modulating immune infiltration
and immunotherapy. Our findings suggest that TTC13 may serve as a valuable independent prognostic
biomarker for ccRCC. Our mechanistic studies indicated that TTC13 might contribute to ccRCC progression via
Wnt/B-catenin and IL6-JAK-STAT3 signaling pathways. Taken together, TTC13 may play a significant role in

c¢cRCC occurrence and progression, and TTC13 signaling axis my serve as novel and effective therapeutic targets
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for the development of more accurate and personalized treatment strategies.
Materials and methods
Bioinformatics analysis

The single gene expression data for TTC13, as well as its corresponding clinical data, were obtained from
The Cancer Genome Atlas (TCGA) database. The raw data underwent pre-processing using either log2
transformation or normalization and then were analyzed using R software. Differential gene expression of
TTC13 was calculated using the "limma" R package, with a cut-off criterium of |log2 fold change (FC)| > 1 and
a false discovery rate (FDR) < 0.05. The flow chart of this article was shown in Figure 1.
Human ccRCC tissue samples and cell lines

The tumor and adjacent non-cancerous tissues were obtained from Affiliated Hospital of Nantong
University. The study was approved by the hospital's ethics committee(Institutional Review Board approval
number: 2022-K003-02), and all patients provided written informed consent for the use of their tissue samples.
Normal HK-2 cell line and three ccRCC cell lines: A498, 786-0, and Caki-1, were obtained from either the Cell
Bank of Chinese Academy of Sciences (Shanghai, China) or Procell Life Science & Technology Co. Ltd.
(Wuhan, China). All cell lines were maintained according to the required culture conditions.
Antibodies

The following antibodies were used in this study: TTC13 (LSBio, USA), Bax, Bcl-2, IL-6, cleaved-caspase-
3,LC3I/1,P62,JAK2, Ki67, MMP9, phosphor-JAK2, phosphor-STAT3, STAT3, B-catenin, GAPDH and -
actin (Cell Signal Technology, MA, USA).
Quantitative Real-Time Polymerase Chain Reaction (QRT-PCR)

gRT-PCR was performed to examine the expression level of TTC13 in 64 paired ccRCC tumor and adjacent
non-cancerous samples according to the manufacturer’s instructions using ABI 7500. Duplicate real-time PCR
analyses were performed for each sample, and the obtained threshold cycle (CT) values were averaged. TTC13
gene expression was normalized to the expression of housekeeping gene (GAPDH) resulting in the ACT value,
where ACt = Ct Target — Ct GAPDH. The relative expression level was calculated by 2-2€T as previously
described[6].The primers were synthesized by Tsingke Biotech (Shanghai, China), and the primer sequences

were as follows: for TTC13, forward 5-GACTCAGACTGCGAACCCAA-3’ and reverse 5'-
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ACTTGGCCTGGCTCAGAATC-3'; for GAPDH, forward 5'-GAGTCAACGGATTTGGTCGT-3' and reverse
5'-GACAAGCTTCCCGTTCTCAG-3'.
Cell transfection

shRNA for TTC13 gene silencing and the plasmid for TTC13 overexpression were purchased from
GenePharma (Shanghai, China). The shRNA1 sequence was: 5'- GCAGTGAATGACCTCACTAAA-3’, the
shRNA2 sequence was: 5'-GCTTACAGGAAGCCCTTAAGA-3". The TTCI3 shRNA or overexpression
plasmid was transiently transfected into ccRCC cells using Lipofectamine 3000, and the transfection efficiency
was confirmed by western blot analysis. Cells were collected for in vitro and in vivo functional experiments 48
h after transfection.
Cell proliferation and apoptosis

Cell proliferation was determined by a CCK-8 detection kit (Beyotime, Haimen, China). Briefly, transfected
cells were seeded into 96-well plate (5,000/well) and cultured for the indicated time. CCK-8 solution (10 pl) was
added to each well at specific time points, and the absorbance at 450 nm was measured by a plate reader. Each
experiment was independently repeated five times. For apoptosis assay, the ccRCC cells were collected, stained
with annexin V-conjugated fluorescein isothiocyanate (FITC) and propidium iodide (PI) (BD Biosciences,
Franklin Lakes, NJ, USA) according to the manufacturer's protocol, and analyzed using FACScanTM flow
cytometer (BD Biosciences).
Mouse tumor xenografts

Six-week-old male null mice (weighted about 18g) were obtained from Jihui Laboratory Animal Care Co.,
Ltd. (Shanghai, China) and were randomly divided into two groups for subcutaneous injection with 786-O cells
(1x107/ml, 200 pl) either expressing NC plasmid or TTC13 shRNA expressing plasmid. The xenograft tumor
growth was monitored every 5 days, and at day 35, the tumors were dissected, weighed, and subjected to
immunohistochemistry (IHC) staining. All experimental procedures were performed in accordance with the
institutional guidelines approved by the Shanghai Changhai Hospital, Naval Medical University.
Western blot analysis

Total proteins were extracted from ccRCC cells using the protein extraction kit (Beyotime, Haimen, China)

and quantified by the NanoPhotometer (Implen, Inc., CA, USA). Then, the proteins were separated by SDS-
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PAGE and transferred onto PVDF membranes, followed by incubation with primary antibodies. After extensive
washing, the PVDF membranes were incubated with corresponding secondary antibodies, and the specific
protein bands were visualized using an enhanced chemiluminescence (ECL) kit (Beyotime, Haimen, China) and
imaged in a gel imaging system.
Immunohistochemistry (IHC) staining

The protein expression and distribution of pB-catenin, Ki67, MMP9, phospho-STAT3, and TTC13 were
examined by IHC using Paraffin-embedded sections of ccRCC and adjacent non-cancerous tissues. Briefly, after
deparaffinization and rehydration, the paraffin slides were placed in citric acid buffer solution (pH=6.0), heated
at 121 °C for 15 minutes in an autoclave, and treated with 3% hydrogen peroxide for 20 min. Slides were blocked
with 1% BSA for 15 minutes and then incubated with primary antibody (1:50 dilution) at 4 °C overnight. After
extensive washing, the slides were incubated with goat anti-rabbit I[gG-HRP secondary antibody (1:100 dilution)
at room temperature for 1 h and then counterstained with hematoxylin for 30 s. Lastly, the conventional
dehydration was performed, and the slides were examined as well as imaged under a microscope (DM500,
Leica).
Immunofluorescence staining

The ccRCC cells were pretreated, seeded onto coated coverslips, fixed with paraformaldehyde,
permeabilized, and then incubated with primary antibodies overnight at 4 °C followed by incubation with
secondary antibodies for 1 h. The cells were subsequently stained with 0.1 pg/ml DAPI for 1 minute at room
temperature in the dark. The coverslips were mounted, and the images were acquired using a fluorescence
microscope.
Luciferase reporter assay and Chromatin immunoprecipitation (ChlIP) assay

Caki-1 cells treated with AG490 were transiently co-transfected with pGL3-basic-TTC13 promoter reporter
plasmid and pRL-TK expression construct using Lipofectamine 3000 reagent following the manufacturer's
instructions. At 48 h after transfection, the cells were harvested, and the luciferase activity was quantified using
the Bright-Glo™ Luciferase assay kit (Promega Corporation), which was normalized to the Renilla luciferase
activity. Each experiment was performed in triplicate. For the chip assay, a standard chip protocol was used for

c¢cRCC cells crosslinking, nuclear isolation, and chromatin fragmentation. The fragmented chromatin was
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incubated with anti-STAT3 antibody at 4°C overnight, and the eluted chromatin was subjected to quantitative
PCR analysis. IgG was used as a negative control.
Statistical analysis

Statistical analyses were conducted using GraphPad Prism 8.0 and SPSS Statistics 22.0. Data were
presented as median and standard error of the mean (SEM). To compare the overall survival between the two
groups, Kaplan-Meier (K-M) curves and the log-rank test were employed. Paired cases were analyzed using t-
test, while the prognostic value of TTC13 was evaluated using univariate and multivariate Cox regression
analyses. A P-value <0.05 was considered statistically significant, and significance levels were denoted as
follows: *P<0.05, **P<0.01, ***P<0.001.
Results
TTC13 was upregulated in ccRCC

As shown in Figure 2A, the expression level of TTC13 was different between various tumors and normal
tissues, and the expression level of TTC13 was significantly higher in ccRCC tissues than in normal tissues
(Figure 2B) (P < 0.001), which was supported by the data from the paired tumor and non-cancerous samples
(Figure 2C). Consistently, qRT-PCR analysis (tumor = 64, normal = 64) showed that the mRNA level of TTC13
was significantly higher in ccRCC tissues than in normal tissues (P =0.0018) (Figure 2D) which was further
confirmed by western blotting (Figure 2E, G) and IHC (Figure 2F). Meanwhile, the ROC curves were used to
evaluate the diagnostic efficacy of TTC13 expression for ccRCC, and the area under the curve (AUC) for the 1-,
3-, and 5-year survival was 0.751, 0.799 and 0.779, respectively (Figure 2H). Moreover, the ccRCC patients
were divided into low- and high-expression groups based on the median value of TTC13, and the K—M survival
curve analysis showed that the overall survival of the high-expression group was worse than that in the low-
expression group (P < 0.001) (Figure 2I).
TTC13 promoted the proliferation and inhibited the apoptosis and autophagy of ccRCC cells

We next explored the biological functions of TTC13 in ccRCC. CCK-8 assay showed that knockdown of
TTC13 inhibited the proliferation of 786-O and Caki-1 cells (Figure 3A, B). On the other hand, the flow
cytometry analysis revealed that knockdown of TTC13 increased the apoptosis of ccRCC cells (Figure 3C). In

support with these findings, western blotting results indicated that the levels of p62 and BCL-2 protein in
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shTTC13 transfected 786-O and CAKi-1 cells were significantly decreased, while the levels of Bax and cleaved
caspase-3 as well as the ratio of LC3-II/I were significantly increased. Conversely, TTC13 overexpression
resulted in the opposite effects (Figure 3D, E), suggesting that TTC13 was involved in the regulation of renal
cancer cell survival and autophagy.
TTC13 silencing inhibited tumor growth in vivo

To explore whether TTC13 affected ccRCC tumor growth in vivo, we subcutaneously injected 786-O cells
transfected with TTC13 NC or shRNA plasmid into nude mice and found that the tumor volume and weight of
the shRNA group were significantly smaller than that of the NC group (Figure 4A, B, C, D). Furthermore, IHC
staining showed that the expression of TTC13, proliferation marker Ki67, metastasis marker MMP9, B-catenin,
and p-STAT3 were lower in the shRNA group than in the NC group (Figure 4E). Together, these results indicated
that knockdown of TTC13 effectively inhibited tumor growth in vivo.
TTC13-related signaling pathways in ccRCC

The TTC13-related signaling pathways were discovered by GSVA analysis to elucidate the role of TTC13
in the pathogenesis of ccRCC. The GSVA analysis was carried out in the high and low TTC13 expression
datasets. We identified TTC13 associated up- and down-regulated signaling pathways, including wnt/p-catenin,
IL6-JAK-STAT3, PI3K-Akt-MTOR, bile acid metabolism, and estrogen-response-late signaling pathways
(Figure 5A). To validate the findings from bioinformatics analysis, we experimentally determined whether
wnt/B-catenin and IL6-JAK-STAT3 signaling pathways were activated in ccRCC by examining the expression
of TTC13, B-catenin, STAT3, p-STAT3, JAK2, p-JAK2 in ccRCC tumor tissues and adjacent normal tissues.
Western blotting results demonstrated activated wnt/B-catenin and IL6-JAK-STAT3 signaling pathways in
c¢cRCC (Figure 5B, C). To directly demonstrate the relationship between TTC13 and wnt/B-catenin and IL6-
JAK-STATS3 signaling pathways, we assessed the effects of TTC13 overexpression or knockdown on them. We
found that overexpression of TTC13 enhanced, while TTC13 knockdown inhibited, the expression of p-JAK-2,
p-STAT3, B-catenin in ccRCC cells (Figure 5D).
TTC13 contributed to ccRCC progression via wnt/p-catenin and IL6-JAK-STAT3 signaling pathway

Having demonstrated that TTCI13 activated wnt/B-catenin and IL6-JAK-STAT3 signaling pathways in

ccRCC, we speculated that TTC13 might contribute to ccRCC progression through the above two signaling
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pathways. To test this hypothesis, we performed rescued experiments using a specific inhibitor of wnt/B-catenin
or [IL6-JAK-STATS3 signaling pathway and found that the inhibitor could attenuate the growth-promoting effect
of TTC13 individually, with synergistic effect when used in combination in CCK-8 and apoptosis assay (Figure
6A, B, C). Western blot analysis showed the similar results (Figure 6D, E).
STATS3 activated the transcription of TTC13 gene

More importantly, we investigated the molecular mechanisms underlying the elevated TTC13 expression
in ccRCC. Since we observed that TTC13 could activate the IL6-JAK-STATS3 signaling pathway, we speculated
that STAT3 should enter the nucleus upon TTC13 activation. Indeed, immunofluorescence staining confirmed
a significant translocation of STAT3 from cytoplasm to nucleus when TTC13 was overexpressed (Figure 7E).
Because STAT3 is a transcription factor, we next explored whether STAT3 affected the activity of the TTC13
promoter. There were potential STAT3 binding sites on TTC13 promoter region identified by the transcription
factor binding profile database JASPAR (http://jaspar.genereg.net/) (Figure 7A, B). We then performed the
luciferase reporter assay and found that the relative luciferase activity in AG490-treated Caki-1 cells were
significantly reduced (Figure 7D). Chip experiments further confirmed that STAT3 directly bound to the TTC13
promoter (Figure 7C), suggesting that STAT3 might directly regulated TTC13 expression through a positive
feedback loop mechanism to promote ccRCC cell proliferation, as well as to reduce cell apoptosis and autophagy.
Discussion

RCC is the seventh most common cancer and the second most common cancer in the urinary system
worldwide, with an increasing rate of 2% every year. RCC is a tumor of renal tubular epithelial cell origin and
mainly contains three histological types: ccRCC, chromophobe RCC, and papillary RCC. ccRCC is the most
common histological subtype, accounting for more than 75% of all diagnosed kidney tumors, and has the
characteristics of strong invasiveness and poor prognosis [7, 8]. Due to insufficient understanding of the
pathogenic mechanisms of ccRCC, it is difficult to diagnose at the early stage and predict the prognosis of ccRCC
patients; hence, effective treatment strategies to prolong the survival of patients with advanced ccRCC are still
under development. Therefore, there is an urgent need to identify new and effective biomarkers for the early
diagnose and the prognosis prediction of ccRCC patients. In line with this, the exploration of the mechanisms

related to ccRCC is also particularly important.
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Tetratricopeptide repeat domain 13 (TTC13) is a member of a large family of proteins named
tetratricopeptide repeats (TPR), which contains more than 5,000 members. TTC13 mRNA was ubiquitously
expressed in all mouse tissues; however, TTC13 protein expression varies in different tissues with a high
expression in both the kidney and the liver. So far, to the best of our knowledge, there is no reported study on
the expression and potential functions of TTC13 in ccRCC. In our study, we analyzed the expression level and
the prognostic value of TTC13 in ccRCC as well as explored the its biological functions via both the
bioinformatics analysis and the experimental confirmation. Our experimental results showed an upregulation of
TTC13 at both mRNA and protein levels in ccRCC cells as well as in ccRCC tissues. In addition, ccRCC patients
with high TTC13 expression had poor prognosis. Furthermore, overexpression of TTC13 promoted the
proliferation of ccRCC cells, while inhibited the apoptosis and autophagy of cells. Hence, our results suggested
that TTC13 might play a key role in the occurrence and progression of ccRCC (Figure 8). Moreover, the
univariate and multivariate Cox regression analyses confirmed that TTC13 was an independent predictor for
ccRCC. Notablely, we constructed a nomogram including TTC13 to assist clinicians accurately predict the
prognosis of ccRCC patients.

The Wnt/B-catenin signaling pathway is a conserved signaling cascade involved in a variety of
physiological processes, such as proliferation, differentiation, apoptosis, migration, invasion, and tissue
homeostasis. Accumulating evidence has revealed that the dysregulation of the Wnt/B-catenin signaling pathway
contributes to the development and progression of several solid tumors and hematological malignancies [9-12].
In this study, we discovered that the Wnt/B-catenin signaling pathway was also abnormally expressed in ccRCC,
suggesting the involvement of Wnt/B-catenin in ccRCC. In addition, IL6-JAK-STAT3 pathway is abnormally
overactivated in many cancer types, which is often associated with poor outcomes [13, 14]. It is known that the
IL6-JAK-STATS3 pathway has a huge impact on various biological progressions of tumors, such as migration,
invasion, and angiogenesis [15]. Moreover, the activation of this pathway is also associated with suppressed
antitumor immune responses in the tumor microenvironment. Therefore, therapies targeting this pathway may
benefit cancer patients by simultaneously inhibiting tumor cell growth and stimulating anti-tumor immunity.
Thus, targeting the IL6-JAK-STAT3 pathway is a promising therapeutic modality. Indeed, many new IL-

6/JAK/STAT3 pathway inhibitors have been developed, some of which are in preclinical and/or clinical
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evaluation. Nevertheless, few studies have reported the IL6-JAK-STAT3 pathway signature in ccRCC. In this
study, we found that the IL6-JAK-STAT?3 signaling pathway was activated in ccRCC, suggesting the therapeutic
significance of this pathway. In support with our findings, Zhan et al also identified the IL6-JAK-STAT3
pathway as a potential risk factor in ccRCC by univariate and multivariate Cox regression analysis [14].

Our subsequent study demonstrated that overexpression of TTC13 could activate the IL6-JAK-STAT3 and
Wnt/B-catenin signaling pathways, whereas knockdown of TTC13 suppressed the two signaling pathways.
Further experiments indicated that TTC13 promoted ccRCC cell proliferation and restrained apoptosis or
autophagy through IL6-JAK-STAT3 and Wnt/B-catenin signaling pathways. Similar to our findings, Wang et al
[16] has reported that CENPA promoted the progression of ccRCC by activating the Wnt/B-catenin signaling
pathway. Knockdown of CENPA significantly down-regulated while overexpression of CENPA up-regulated
the expression of B-catenin and its target gene cyclin D1 in ccRCC. Importantly, overexpression of CENPA
facilitated, while knockdown of CENPA reduced the translocation of B-catenin into the nucleus. In addition, a
recent study has revealed the Wnt/B-catenin pathway-induced ARL4C expression in ccRCC [17]. On the other
hand, several studies have shown that some genes act as tumor suppressors by inhibiting the Wnt/B-catenin
signaling pathway in ccRCC. For example, Gorka et al [ 18] has reported that compared with the negative control,
B-catenin in ccRCC cells is significantly reduced at both mRNA and protein levels by MCPIP1 overexpression,
and the levels of both active forms of B-catenin were reduced. Interestingly, immunofluorescence staining
showed that loss of MCPIP1 RNase activity resulted in the translocation of B-catenin into the nucleus. In
consistent to this, silencing MCPIP1 in ccRCC cells increased the expression levels of active B-catenin and the
transcriptionally active form of B-catenin. Therefore, the level of B-catenin was negatively correlated with the
level of MCPIPI. In line with these findings, Xu et al. [19] reported that the upregulation of SDHA resulted in
a significant suppression of the Wnt/B-catenin signaling pathway by decreasing the protein expression of p-GSK-
3B, B-catenin, and c-Myc in ccRCC cells. However, these effects were notably mitigated upon activation of the
Wnt/B-catenin signaling pathway. Phenotypically, SDHA impairs cell viability and inhibits proliferation,
migration and invasion of ccRCC cells. Moreover, overexpression of TLN2 significantly suppressed the
expression of activated B-catenin, cyclin D1 and c-Myc in ccRCC cells. Activator of Wnt/B-catenin signaling

pathway can attenuate the inhibition on the malignancy of ccRCC cells caused by TLN2 overexpression [20].
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And SOX17 displayed the similar function as TLN2 [21]. These results, together with our findings, provided
supporting evidence that Wnt/B-catenin signaling pathway is a crucial regulator in the progression of ccRCC,
highlighting the clinical therapeutic significance of targeting this signaling pathway.

As for IL6-JAK-STATS3 signaling pathway, consistent with our findings, Wang et al [22] also reported that
the expressions of G3BP1, IL-6 and p-STAT3 in renal cell carcinoma tissues were significantly higher compared
with adjacent normal tissues. Knockdown of G3BP1 significantly inhibited the phosphorylation of STAT3 in
RCC cells. Furthermore, the expression of G3BP1 in RCC tissues was positively correlated with IL-6 and p-
STATS3 level, suggesting that IL-6, G3BP1 and STAT3 are correlated with each other in primary renal cell
carcinoma. Another study found that knockdown of circ_0000274 RNA expression significantly reduced the
protein levels of p-JAK1/JAK1 and p-STAT3/STAT3 in 786-O and A498 cells, while inhibiting miR-338-3p
expression reversed this effect [23]. In addition, the conditioned medium of TAMs increased the phosphorylation
level of STAT3 in RCC cells [24]. Furthermore, tumor-associated macrophages promoted RCC invasion,
migration and epithelial-mesenchymal transition by activating IL-6/STAT3 signaling. Consistent with these
findings, another study showed that the total pSTAT3 and nuclear pSTAT3 levels were significantly increased
in ccRCC tissues compared with the adjacent tissues. The level of pPSTAT3 and the number of pSTAT3+ nuclei
were significantly increased in ccRCC patients with low serum Vitamin D. More importantly, active vitamin D3
effectively inhibited LPS-induced STAT3 phosphorylation in ccRCC cells, suggesting the clinical value of
vitamin D in ccRCC [25]. Chae et al [26] also reported that Thymoquinone inhibited the phosphorylation of
JAK2/STAT3 in ccRCC and the subsequent expression of downstream target genes involved in cell proliferation
and anti-apoptosis, such as cyclin D1, cyclin D2, and survivin. In addition, Thymoquinone effectively prevented
the phosphorylated from of STAT3 from entering the nucleus and binding to DNA to activate the transcription
of target genes. Further studies revealed that Thymoquinone induced apoptosis in ccRCC cells through reactive
oxygen species-mediated inactivation of the JAK2/STAT3 pathway. Similarly, SIRT1 destabilized STAT3
through the ubiquitin-proteasome pathway, resulting in decreased STAT3-dependent FGB expression, which in
turn inhibited RCC cell proliferation [27].

One important finding of our study was that STAT3 bound to the promoter of TTC13 gene to upregulate

the expression of TTC13, which in turn further activated the JAK2/STAT3 signaling pathway to increase the
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nuclear import of STAT3, thereby forming a positive feedback loop to promote the progression of ccRCC. A
recent investigation had also revealed that the JAK/STAT3 signaling pathway mediated RCC cell apoptosis and
glycolysis by RNF7, as STAT3 directly binded to RNF7 promoter [28]. Taken together, these data suggested
that IL6-JAK-STATS3 signaling pathway played a key role in the pathogenesis of ccRCC, providing the rationale
of targeting this pathway in ccRCC treatment.

Nonetheless, this study also had some limitations. First, we used retrospective data from public databases,
which needed validation in larger cohorts of ccRCC patients with well-defined clinical staging and sufficient
clinical data. In addition, the biological functions of TTC13 in ccRCC need to be further explored. Lastly, it is
necessary to improve and standardize the detection method of TTC13 gene to increase the feasibility of clinical
application.

Conclusions

In conclusion, we were the first to use a variety of bioinformatics methods and verification experiments to
explore the expression and clinical value of TTC13 in ccRCC. Our results suggested that TTC13 might play a
role in the proliferation, apoptosis and autophagy of ccRCC. In addition, TTC13 might serve as a new biomarker
for the diagnosis and prognosis prediction for patients with ccRCC.
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Figure 1

The flow chart of this article.

The flow chart of this article.

Peer] reviewing PDF | (2023:05:86104:0:1:REVIEW 25 May 2023)



Peer]

Figure 2

Expression and clinical significance of TTC13 in ccRCC.

(A) The differential expression of TTC13 in various tumors and normal samples based on the
TCGA database; (B) the differential expression of TTC13 between ccRCC and normal tissues
(tumor = 539, normal = 72) (P < 0.001); (C) pairing diagram of TTC13 expression in ccCRCC
and normal tissues (tumor = 72, normal = 72) (P < 0.001); (D) the verification of TTC13
expression in clinical samples by RT-PCR (tumor = 64, normal = 64) (P < 0.01); (E) the
verification of TTC13 expression in clinical samples by western blotting; (F) the verification of
TTC13 expression in clinical samples by IHC; (G) TTC13 expression in ccRCC cell lines
detected by western blot; (H) the ROC curves of 1-, 3-, and 5-year survival of ccRCC patients;

(I) K-M survival analysis of TTC13 in ccRCC (P < 0.001).
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Figure 3

TTC13 promoted the proliferation and inhibited the apoptosis and autophagy in ccRCC.

Manuscript to be reviewed

786-0 and Caki-1 cells were transfected with pLTTC13, shTTC13 or vector controls. The

proliferation of 786-0 (A) and Caki-1 (B) cells was measured by CCK-8; The apoptosis and

autophagy related protein expression of 786-0 and Caki-1 cells was analyzed by flow

cytometry(C) and western blot (D, E), respectively.
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Figure 4

TTC13 silencing inhibited tumor growth in vivo.

(A) shTTC13 or vector control-transfected 786-0 cells were injected subcutaneously into nude
mice; (B) Tumors from mice in the two groups; (C) Comparison of tumor volumes between
the two groups;(D) Comparison of tumor weight between the two groups; (E) IHC staining of

the indicated tumor tissues.
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Figure 5

TTC13 related signaling pathways in ccRCC.

(A) Up- and down-regulated signaling pathways were identified by GSVA analysis; (B) the
expression of wnt /B-catenin signaling pathway in 6 paired ccRCC tissues; (C) the expression
of IL6-JAK-STAT3 signaling pathway in 6 paired ccRCC tissues; (D) TTC13 overexpression
activated wnt/B-catenin and IL6-JAK-STAT3 signaling pathways, while knockdown of TTC13
displayed the opposite effect.
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Figure 6

TTC13 promoted ccRCC growth through wnt/B-catenin and IL6-JAK-STAT3 signaling
pathway.

(A) 786-0 and Caki-1cell apoptosis by the flow cytometry; TTC13 promoted 786-0 (B) and
Caki-1(C) cell proliferation via wnt/B-catenin and IL6-JAK-STAT3 signaling pathways, as
determined by CCK-8 assay; Western blot analysis of TTC13 regulated wnt/B-catenin and IL6-
JAK-STAT3 signaling pathways in 786-O(D) and Caki-1(E) cells.
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Figure 7

STAT3 regulated TTC13 expression at the transcription level.

(A, B) Specific binding sites of STAT3 in the promoter region of TTC13 gene; (C) Chip
experiments confirmed that STAT3 directly bounded to TTC13 promoter; (D) The luciferase
reporter assay confirmed the binding of STAT3 to TTC13 promoter region; (E)
Immunofluorescence staining demonstrated a clear STAT3 nuclear translocation induced by

TTC13 overexpression.
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Figure 8

A working model of TTC13 regulation in ccRCC cells.

A working model of TTC13 regulation in ccRCC cells.
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