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Background: Invasion and metastasis led to poor prognosis and death of clear cell renal cell carcinoma (ccRCC) patients. The
deoxynucleotidyl transferase terminal interacting protein 1 (DNTTIP1) was reported to promote multiple tumor progression. However,
there is no research about DNTTIP1 in ccRCC.

Methods: Kaplan—Meier survival analysis, multivariate analysis demonstrated the prognostic indicator in overall survival (OS) and disease-
free survival (DFS) of ccRCC with DNTTIP1 expression in the Cancer Genome Atlas Kidney Clear Cell Carcinoma (TCGA-KIRC). Receiver
operator characteristic (ROC) curve analyzed diagnostic ability of DNTTIP1 in TCGA-KIRC and validation dataset. The quantitative real-time
polymerase chain reaction (QRT-PCR) detected the DNTTIP1 expression in renal cancer tissues, and the Office of Cancer Clinical Proteomics
Research (CPTAC) verified the protein expression of DNTTIP1. Moreover, nomogram predicted the role of DNTTIP1 in ccRCC patient.
Single-sample Gene Set Enrichment Analysis (SSGSEA) and GSEA evaluated the pathogenesis role of DNTTIP1 in TCGA-KIRC.
Results: DNTTIP1 expression was higher in ccRCC tumor tissues. High expression of DNTTIP1 was associated with poor OS (HR = 1.618,
P < 0.0001), and poor DFS (HR = 1.789, P < 0.0001). SsGSEA and GSEA showed DNTTIP1 was associated with hypoxia, epithelial-
mesenchymal transition (EMT), angiogenesis, G2M checkpoint. DNTTIP1 had a positive correlation with EMT biomarkers in ccRCC, and
might be an effective target for ccRCC.

Conclusion: This study provided that higher expression of DNTTIP1 predicted poor prognosis in ccRCC, and DNTTIP1 might be
a novel detection biomarker and therapeutic target of tumor malignant in the future.
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Background

Renal cell cancer (RCC) was estimated about 79,000 new cases and 13,920 new deaths in 2022 in the United States,' but
estimated about 77,410 new cancer cases and 46,345 new deaths in 2022 in China.” Histopathologic classifications identified
three major subtypes: clear cell RCC (ccRCC; 70-75%), papillary RCC (pRCC; 10-16%), and chromophobe RCC (chRCC;
5%).> pRCC occurs sporadically, with several agents including mTOR inhibitors could be used in the treatment of advanced and
metastatic pRCC.* ChRCCs originated from the intercalated cell of distal tubules, tumor protein P53 and phosphatase and tensin
homolog deleted on chromosome ten (PTEN) were the two main frequently mutated genes.” CcRCC was the main pathological
types, and associated with von Hippel-Lindau (VHL) disease. Loss of function of the VHL tumor suppressor protein (pVHL).®
pVHL catalyzed the ubiquitination of hypoxia inducible factor (HIF), the degradation of HIFs was inhibited in renal cell
carcinoma,”*® then increases angiogenesis and tumor metabolism.”'® It is of great significance to clarify the potential diagnostic
markers and molecular roles in the occurrence and development of ccRCC.
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Tumor recurrence is still one of the high risks affecting the survival of tumor patients after surgery.'' Epithelial-
mesenchymal transition (EMT), is a characteristic of malignant tumor.'*"'* Inhibition of tumor EMT can slow down
tumor metastasis.'>'® Target of tyrosine kinase inhibitor (TKI) drugs had been discovered for treatment of metastatic
ccRCC patients,'”'® but it still leads to poor progression and recurrence when incomplete reversal of tumor hypoxia and
EMT in ccRCC.""** Urgent need to explore new biomarkers or drug targets for ccRCC.

The deoxynucleotidyl transferase terminal interacting protein (DNTTIP) plays multiple roles in gene transcription and
cell proliferation. DNTTIP1 is a prognostic biomarker in hepatocellular carcinoma and correlated with immune
infiltration.”’ DNTTIPI activated extracellular regulated protein kinases (ERK) signaling by recruiting histone deacety-
lase 1 (HDAC]I) to facilitate nasopharyngeal carcinoma metastasis.”> DNTTIP2 is associated with malignant character-
istics and macrophage infiltration in glioma.”® However, the role of DNTTIPs in ccRCC is unclear.

In this study, we investigated the role of DNTTIPs in ¢ccRCC with patient survival in the Cancer Genome Atlas
(TCGA) database, and the expression of DNTTIP1 in the Office of Cancer Clinical Proteomics Research (CPTAC), and
clinical samples. Single-sample Gene Set Enrichment Analysis (ssGSEA) and GSEA evaluated the biological role of
DNTTIPI in ccRCC. Our study demonstrated that DNTTIP1 has a significant marker role for ccRCC.

Patients and Methods

Patient Samples from Public Database and Validation Dataset

Public database from TCGA-KIRC database contains a total of 533 patients with clinical information.”* Eighteen matched
ccRCC tumor tissues and normal tissues were from the Department of Urology, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology between 2020 and 2022. They were obtained from radical nephrectomy as the
stage of cancer or endophytic location, and partial nephrectomy. The information of age stage, grade, tumor size (T stage) is
shown in Supplementary Table 1. The patients/participants provided their written informed consent to participate in this study.

The experimental and research procedures were approved by the institutional review committee of Huazhong University of
Science and Technology (2017-S346).

RNA Extraction, RNA Reverse Transcription and qRT-PCR
TRizol reagent (Thermo, Massachusetts, USA), strand cDNA Synthesis (Vazyme, Nanjing, China.) and gPCR SYBR™
Green Master Mix (Vazyme, Nanjing, China.) were used for RNA extraction, RNA reverse transcription, and qRT-PCR
of tumor tissues.'> DNTTIP1 expression was calculated by: pAct (ACt = Ct pnTTIP1I—CtGAPDH)-

DNTTIPI, (forward, 5'- GGGCAGCTGGTTCTTAC -3,

reverse, 5'- GATCCATGGAGATGGCAGGA -3')

GAPDH (forward, 5’-GAGTCAACGGATTTGGTCGT-3’;

reverse, 5’-GACAAGCTTCCCGTTCTCAG-3").

Bioinformatics Analysis

Receiver operator characteristic (ROC) curve and area under the curve (AUC) were used to assess clinical diagnostic
ability. The Kaplan—-Meier (KM) curve, univariate and multivariate Cox proportional hazard regression evaluated
survival rate of DNTTIP1 for ccRCC patients as previously described.?

Nomogram Analysis
Nomogram analysis with different parameters (DNTTIP1 expression, N stage, T stage, M stage) had been used for
prognosis prediction.'® The c-index and probability of 1-, 3-, 5-year survival were calculated with R software.

Single-Sample Gene Set Enrichment Analysis
Ss-GSEA and GSEA were used to evaluate the possible pathogenesis of DNTTIP1 (http://www.broadinstitute.org/gsea). p < 0.05
and false discovery rate (FDR) of <25% were considered to have statistically significant difference as previously described.*'2
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Statistical Analysis

RNA result was described with median and standard error of the mean (SEM). The paired samples were analyzed with
paired sample #-test. The unpaired samples were analyzed with r-test.?’ Data analyses were performed with SPSS
Statistics 22.0 and p < 0.05 as previously described.”®

Results
DNTTIPI Was Highly Expressed in ccRCC

Firstly, we analyzed the expression of a tumor to determine the role of DNTTIP1 in ccRCC with #-test or paired sample
t-test. The mRNA expression levels of the DNTTIP1 and DNTTIP2 were investigated in TCGA-KIRC database with
heat map. The result is shown in Figure 1A. The expression of DNTTIP1 (N = 72, T = 72) was higher in paired ccRCC
tissues (p < 0.0001, Figure 1B and D), but not DNTTIP1. Expression of DNTTIP1 was higher in total ccRCC tissues and
corresponding normal tissues (N = 72, T = 533) (p < 0.0001, Figure 1C and D), but not DNTTIP1. QRT-PCR showed the
mRNA expression of DNTTIP1 was higher in ccRCC cancer tissue (p < 0.001, Figure 1E). The protein expression of
DNTTIP!1 in ccRCC tumor tissues was significantly higher with CPTAC database (p < 0.001, Figure 1F).

Clinical Characteristics of the Patients

The total patients were divided by DNTTIP1 median expression levels into two group respectively. DNTTIP1 had
a significant association between high mRNA expression and sex, tumor stage (T stage), lymphatic metastasis (N stage),
grade, distant metastasis (M stage), TNM stages, but not age with z-test. DNTTIP1 expression was significantly higher in
dead patients (p < 0.0001, Figure 2A), recurred patients (p < 0.0001, Figure 2B), M1 patients (p < 0.0001, Figure 2C), N1
patients (p < 0.01, Figure 2D), female (p < 0.05, Figure 2E), older patients (NS, Figure 2F), T3+T4 patients (p < 0.0001,
Figure 2G), G3+G4 patients (p < 0.0001, Figure 2H), and higher TNM patients (p < 0.0001, Figure 21).

The Association and Diagnostic Capability of DNTTIP| in ccRCC

ROC curve and AUC were used to distinguish the diagnostic role of a biomarker in diseases. Then we investigated the
diagnostic capability of DNTTIPI in ccRCC. The results showed AUC of 0.7276 (95% CI: 0.6768-0.7784; p < 0.0001,
Figure 3A) and 0.6887 (95% CI: 0.6022—0.7751; p < 0.0001, Figure 3B) with total patients and pair-para patient. Similar
results were found in collected clinical samples in Figure 3C. High expression of DNTTIP1 had a diagnostic capability
for ccRCC patients with living vs deceased (AUC = 0.7005, p < 0.0001, Figure 3D), recurred vs disease free (AUC =
7154, p <0.0001, Figure 3E), (T3 + T4)/(T1 + T2) (AUC = 0.6530, p < 0.0001, Figure 3F), N1/NO stage (AUC = 0.7064,
p = 0.0049, Figure 3G), M1/MO stage (AUC = 0.7114, p < 0.0001, Figure 3H), pathological stage (IIT + IV)/(I + II)
(AUC = 0.6776, p < 0.0001, Figure 3I), grade (III + IV)/(I + II) (AUC = 0.6594, p < 0.0001, Figure 3J).

Prognostic Significance of DNTTIPI in ¢ccRCC

Kaplan — Meier curve was used to compare the survival time of two groups with Log Rank test. We defined high risk and
low risk with high and low expression groups of DNTTIP1 (Figures 4A and 5A). Patient survival and recurrence data are
shown in Figures 4B and 5B. Z-score is shown in Figures 4C and 5C. High DNTTIP1 expression had shorter OS (p <
0.0001, Figure 4D) and shorter DFS (p < 0.0001, Figure 5D). DNTTIP1 had a certain diagnostic capability with 1-, 3-,
and 5-years’ OS (Figure 4E) and DFS (Figure 5E) in ccRCC.

Univariate and Multivariate Analyses of OS and DFS

Univariate and multivariate analysis were used to evaluate the prognostic ability of DNTTIP1. The results showed that
DNTTIP1 had a capacity of independent prognosis in ccRCC. The results of OS were shown as follows (Table 1 and
Table 2): age (HR, 1.615; p =0.003), T stage (HR, 1.653; p = 0.006), N stage (HR, 2.209; p = 0.03), M stage (HR, 2.495;
p <0.0001), Grade (HR, 1.608; p = 0.011), DNTTIP1 expression (HR, 1.618; p = 0.006), DFS: T stage (HR, 2.029; p =
0.001), N stage (HR, 3.313; p = 0.002), M stage (HR, 4.478; p < 0.0001), Grade (HR, 2.222; p < 0.0001), DNTTIP1
expression (HR, 1.789; p = 0.007).
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Figure | DNTTIPI was highly expressed in ccRCC. (A) Heat map of DNTTIPs expression in TCGA-KIRC (n=605). (B) and (C) Relative DNTTIPs expression in TCGA-KIRC. (D)
and (E) DNTTIPI was highly expressed in TCGA-KIRC and clinical samples. (F) DNTTIPI protein level was highly expressed in CPTAC data. Red indicates high expression; black
indicates medium expression; green indicates low expression. CPTAC: Office of Cancer Clinical Proteomics Research. *P < 0.05, **P < 0.001, and ***P < 0.0001.
Abbreviations: DNTTIP, the deoxynucleotidyl transferase terminal interacting protein; TCGA-KIRC, The Cancer Genome Atlas kidney renal clear cell carcinoma.

Nomogram Models of DNTTIPI in ccRCC

Nomogram models had been used as one of the most common prognostic models. We constructed nomogram of OS in
ccRCC patients (Figure 6A). 1-year, 3-year, and 5-year calibration curves of OS are shown in Figure 6B—6D. The value
of the c-index was 0.766, meaning that the result was relatively accurate and credible when it was larger than 0.71.

Functional Prediction of DNTTIPI in ccRCC
Ss-GSEA and GSEA can be used to discover which gene sets with specific biological significance are significantly
associated with two groups of samples from the expression. Ss-GSEA was used to explore the function of DNTTIP1 in
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Figure 2 Clinical and molecular characteristics of the patients. (A) overall survival status, (B) disease free status, (C) M stage, (D) N stage, (E) sex, (F) age, (G) T stage, (H)
grade, and (I) TNM stage. *P < 0.05, **P < 0.0, ***P < 0.001 and ***P < 0.0001.
Abbreviation: DNTTIP, the deoxynucleotidyl transferase terminal interacting protein.
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Figure 3 The diagnostic value of DNTTIPI in ccRCC. (A) ROC curve of DNTTIPI between tumor and non-cancerous normal tissues, the AUC: 0.7276 (p < 0.0001); (B)
ROC curve of DNTTIPI between tumor and paired non-cancerous normal tissues, the AUC: 0.6887 (p < 0.0001). (C) ROC curve of DNTTIPI| between tumor and non-
cancerous normal tissues in clinical samples, the AUC: 0.7346 (p < 0.0001). (D-J) Subgroup ROC curve analysis implied that the high expression of DNTTIP| might have
diagnostic value for ccRCC patients with living vs deceased, recurred vs disease free, (T3 + T4) / (T| + T2), NI / NO stage, M| / MO stage pathological stage, grade (lIl + 1V)/
1+ 1.

Abbreviations: DNTTIP, the deoxynucleotidyl transferase terminal interacting protein; AUC, Area under the curve; ROC receiver operator characteristic.
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Figure 4 Kaplan—Meier curves of OS in different expression levels of DNTTIPI. (A) High risk and low risk by the median expression levels of DNTTIPI. (B) living or
deceased patient distributed in ccRCC. (C) Z-score of total patients in ccRCC. (D) Higher DNTTIPI expressers had shorter OS than the lower expressers. (E) DNTTIPI
had diagnostic capabilities in KIRC with |-, 3-, and 5-years’ OS.

Abbreviations: OS, overall survival; DNTTIP, the deoxynucleotidyl transferase terminal interacting protein.

ccRCC. DNTTIP1 had a positive correlation with hypoxia (p < 0.0001, Figure 7A), EMT (p < 0.0001, Figure 7B),
extracellular matrix (ECM)-related gene (p < 0.0001, Figure 7C), DNA repair (p < 0.0001, Figure 7D), p53 pathway (p <
0.0001, Figure 7E), tumor growth signature (p < 0.0001, Figure 7F), G2M checkpoint (p < 0.0001, Figure 7G), DNA
replication (p < 0.0001, Figure 7H), angiogenesis (p < 0.0001, Figure 7I). GSEA showed that DNTTIP1 was associated
with EMT (p < 0.0001, Figure 8A), angiogenesis (p = 0.014, Figure 8B), G2M checkpoint (p = 0.002, Figure 8C),
hypoxia (p = 0.025, Figure 8D), Kirsten rat sarcoma viral oncogene (KRAS) (p < 0.0001, Figure 8E). DNTTIP1
expression was positive correlation with oncogene of snaill (p = 0.0002, Figure 8F), twistl (p < 0.0001, Figure 8G), vim
(p < 0.0001, Figure 8H), MKI67 (p < 0.0001, Figure 8I), matrix metalloproteinases2 (MMP2) (p < 0.0001, Figure 8J),
but had a negative correlation with cdhl (E-cadherin) (p < 0.0001, Figure 8K).
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Figure 5 Kaplan—Meier curves of DFS in different expression levels of DNTTIPI. (A) High risk and low risk by the median expression levels of DNTTIPI. (B) recurred or
disease-free patient distributed in ccRCC. (C) Z-score of total patients in ccRCC. (D) Higher DNTTIPI| expressers had shorter DFS than the lower expressers. (E)
DNTTIPI had diagnostic capabilities in KIRC with |-, 3-, and 5-years’ DFS.

Abbreviations: DFS, disease-free survival; DNTTIP, the deoxynucleotidyl transferase terminal interacting protein.

Discussion
Our study reported the expression of DNTTIPs and the prognostic role of DNTTIP1 in ccRCC for the first time. Previous
research results confirmed that DNTTIP1 can interact with HDAC1/2 when acted as a scaffold with its amino-terminal
region.”” The expression of DNTTIP1 was significantly up-regulated in oral cancer, and correlated with tumor growth.*
DNTTIP] was a prognostic biomarker in hepatocellular carcinoma.?' Bioinformatics analysis shows that DNTTIP1 can
predict patient survival in acute myeloid leukemia.>' Mechanically, DNTTIP1 could activate ERK signaling in metastasis
of nasopharyngeal carcinoma.”> ERK signaling activation or KRAS mutation mediated TKI resistance in various
tumors.*>>® DNTTIP2 was associated with malignant characteristics in glioma."’

Here, we explored the expression of DNTTIPs in ccRCC. DNTTIP1 was significantly escalated, but not DNTTIP2 in
ccRCC. DNTTIPI1 was positively correlated with disease progression and could be an independent predictor for ccRCC.
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Table | Univariate and Multivariate Analyses of DNTTIPI mRNA Level and Patient Overall Survival

Variables Univariate Analysis Multivariate Analysis®

HR* 95% CI° P value HR* 95% CI° P value
Overall survival
Age (years) 1.803 1.318-2.468 <0.0001 1.615 1.183-2.204 0.003
<60 vs >60
Sex 0.948 0.697-1.290 0.825
Female vs Male
T stage 3.120 2.306—4.220 <0.0001 1.653 1.153-2.369 0.006
T3 orT4vs Tl or T2
N stage 3.832 2.070-7.061 <0.0001 2.209 1.071-3.845 0.030
NI vs NO or NX
M stage 4.346 3.192-5.918 <0.0001 2.495 1.734-3.589 <0.0001
M1 vs MO or MX
Grade 2.639 1.885-3.697 <0.0001 1.608 1.114-2.319 0.011
G3 or G4 vs Gl or G2
DNTTIPI 2.319 1.690-3.184 <0.0001 1.618 1.146-2.283 0.006
High vs Low

Notes: *Hazard ratio, estimated from Cox proportional hazard regression model. "Confidence interval of the estimated HR. “Multivariate
models were adjusted for T, N, M classification, age and gender.

Table 2 Univariate and Multivariate Analyses of DNTTIPI mRNA Level and Patient Disease-Free Survival

Univariate Analysis Multivariate Analysis®
Variables HR* 95% CI° P value HR* 95% CI° P value
Overall survival
Age (years) 1.366 0.959-1.945 0.084
<60 vs >60
Sex 1.413 0.951-2.100 0.087
Female vs Male
T stage 4.526 3.134-6.538 <0.0001 2.029 1.327-3.102 0.001
T3or T4vs Tl or T2
N stage 5.942 2.983-11.836 <0.0001 3.313 1.504-6.523 0.002
NI vs NO or NX
M stage 8.529 5.877-12.379 <0.0001 4.478 2.922-6.862 <0.0001
Ml vs MO or MX
Grade 3.376 2.236-5.098 <0.0001 2.222 1.443-3.420 <0.0001
G3 or G4 vs Gl or G2
DNTTIPI 3.052 2.075-4.489 <0.0001 1.789 1.176-2.720 0.007
High vs Low

Notes: *Hazard ratio, estimated from Cox proportional hazard regression model. "Confidence interval of the estimated HR. “Multivariate
models were adjusted for T, N, M classification, age and gender.

High DNTTIP1 expression was related to poor OS and DFS with Kaplan—-Meier survival curves, univariate and
multivariate Cox proportional hazard regression, and nomogram analysis.

Ss-GSEA and Spearman correlation were employed to reveal the link between DNTTIP1 expression and tumor signaling
pathways in ¢ccRCC. Our results revealed that DNTTIP1 expression was significantly positively correlated with cellular
response to hypoxia, EMT, ECM-related gene, DNA repair, p53 pathway, tumor growth signature, G2M checkpoint, DNA
replication, angiogenesis. GSEA showed that DNTTIP1 was associated with EMT, angiogenesis, G2M checkpoint, hypoxia,
KRAS. Hypoxia induced tumor-associated macrophages were related to poor prognosis of ccRCC.* HIF degradation was
inhibited and then promoted angiogenesis, increased tumor growth or metastasis in kidney cancer.” HIF2a is believed to be
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Figure 6 Nomogram models of DNTTIPI in ccRCC. (A) Nomogram of OS in ccRCC patients. (B-D) Calibration curves of |-year, 3-year, and 5-year OS. Red line: actual
calculation result; Grey line: the result of prediction. The fitting degree of red line and gray line indicates the success rate of the prediction model.
Abbreviations: OS, overall survival; DNTTIP, the deoxynucleotidyl transferase terminal interacting protein.

the most important driver for the development of the ccRCC.?” HIF 1o and HIF2a could induce angiogenesis®’~®

and lipid
accumulation in renal cancer tissues.”’~? DNTTIP1 was predicted to play a certain role in cellular response to hypoxia and
angiogenesis. It indicated that DNTTIP1 may have an effect on the metabolism or malignant characteristics of renal cancers.

EMT was one of malignant characteristic and a key foundation of cancer progression.'*'*** Twist1 signaling boosted
tumor progression and promoted metastasis in ccRCC.*' G2M checkpoint had a significant effect on cell proliferation,
especially tumors.*>** Stabilizing Snaill could regulate metastasis and chemoresistance of triple-negative breast cancer
by.* MKI67 and MMPs could promote the progress of tumor, were the potential biomarker for clinical examination of
malignant characteristics in tumors.*®**

Here, we show that DNTTIP1 was associated with EMT in Ss-GSEA and GSEA. DNTTIPI expression had
a positive correlation with oncogene of snaill, twistl, vim, MKI67, and MMP2, but had a negative correlation with
E-cadherin (E-cad). Homologous recombination DNA repair was one aspect of chemotherapy resistance.*” P53 was
a tumor suppressor and mutated in more than 50% of cancers, transactivating p53 pathway could induce apoptosis
and cell-cycle arrest.”® DNTTIP1 expression was significantly positively correlated with DNA repair, p53 pathway,
tumor growth signature, G2M checkpoint, DNA replication, indicating that DNTTIP1 was related to cell cycle and
cell repair.

However, the mechanism of pathway and DNTTIP1 was not investigated in the current research. However, it is worth
for our further study as DNTTIP1 is one of the prognostic biomarkers in ccRCC. The increased expression of DNTTIP1
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Figure 7 Pathway of DNTTIPI in TCGA-KIRC with SsGSEA. (A) Cellular response to hypoxia; (B) EMT (C) ECM-related gene; (D) DNA repair; (E) p53 pathway; (F)
Tumor growth signature; (G) G2M checkpoint; (H) DNA replication; (I) Angiogenesis. Round indicators represent the pathway scores of high and low DNTTIPI groups.

may be a potential biomarker of renal cell carcinoma and a therapeutic target of renal cell carcinoma. Direction on
DNTTIP1, hypoxia and tumor metabolism may be the future research topics.

Conclusion

Our studies indicated that high DNTTIP1 was significantly correlated with disease progression and identified DNTTIP1
as an independent predictor for ccRCC with univariate and multivariate Cox proportional hazard regression, and
Nomogram. DNTTIP1 had a positive correlation with malignant features of tumor. The results of all these studies
suggest a potential role for DNTTIP1 in ccRCC, and downregulation of DNTTIP1 may provide a new therapeutic
strategy for ccRCC patients.
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