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Aim: The study was designed to mine the expression and roles of IQGAP3 in clear cell renal 
cell carcinoma (ccRCC).
Methods: Expression profiles and clinical information were obtained from the Cancer Genome 
Atlas (TCGA) to estimate IQGAP3 expression in ccRCC, its relationship with patients’ clin-
icopathological variables and prognosis, and the potential biological mechanisms.
Results: IQGAP3 was highly expressed in ccRCC and indicated advanced clinical outcome 
and poor prognosis. IQGAP3 affected the progression of ccRCC through several cancer- 
related pathways. IQGAP3 might play a vital role in the ccRCC tumor microenvironment.
Conclusion: IQGAP3 could serve as a promising prognostic biomarker and therapeutic 
target.
Keywords: IQGAP3, clear cell renal cell carcinoma, prognosis

Introduction
Clear cell renal cell carcinoma (ccRCC) accounts for 80% of renal malignancies 
and is one of the most common malignancies worldwide.1 Despite advances in 
diagnosis and treatment, the prognosis of advanced and metastatic ccRCC remains 
a challenge due to limited treatment options.2 Unlike most cancers, advanced 
ccRCC is resistant to chemotherapy and radiotherapy.3 Targeted therapy is 
a promising approach for these patients. Additionally, the use of immune check-
point inhibitors has improved the prognosis of some patients. Nevertheless, the 
prognosis of these patients is poor.4 The exploration of new targeted molecular 
marker is still very urgent.

IQGAP3, a member of the IQGAP gene family, was reported to be responsible 
for modulating various cellular processes, including neuronal morphogenesis, cell 
proliferation and motility, and epithelial–mesenchymal transition.5,6 Emerging stu-
dies indicate that IQGAP3 has unfavorable effects in various tumors. For instance, 
IQGAP3 overexpression in gastric cancer cells led to morphological change with 
multiple dendritic-like protrusions and enhanced migration.7 IQGAP3 was highly 
expressed in lung cancer patients and associated with poor clinical outcomes, loss 
of IQGAP3 inhibited tumorigenesis in lung cancer and overcome radiation resis-
tance in vivo and vitro.8 Additionally, IQGAP3 was highly expressed in pancreatic 
cancer and Hepatocellular carcinoma, and overexpression of IQGAP3 promoted the 
malignant phenotype of tumor cells.5,9 Although the crucial role of IQGAP3 in 
tumor occurrence and development, its expression level, prognostic role and poten-
tial mechanism in ccRCC still remains elusive.
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With the development of high-throughput sequencing 
technology, a large number of tumor data are stored in 
publicly available well-known databases, such as the 
Cancer Genome Atlas (TCGA), International Cancer 
Genome Consortium (ICGC) and Gene Expression 
Omnibus (GEO). Researchers could mine these tumor 
data through bioinformatics technology to provide 
a theoretical basis for further experiments. Hence, we 
performed a comprehensive study to investigate the rela-
tionship between IQGAP3 and ccRCC.

Materials and Methods
Data Collection
RNA-seq data (HTSeq-FPKM data) was obtained from the 
TCGA database (https://portal.gdc.cancer.gov/).10 The 
patients with incomplete clinicopathological features 
were excluded, and finally 530 ccRCC samples and 72 
normal samples were included in our present study. 
Corresponding clinical information of ccRCC patients is 
listed in Table 1. Additionally, gene expression data from 
the ICGC database, GSE53757 and GSE36895 was down-
loaded for further exploration. The ICGC database collects 
tumor data for 50 different cancer types (or subtypes), 
including abnormal gene expression, somatic mutations, 
epigenetic modifications, and clinical data.11 GSE53757 
and GSE36895 were form the Gene Expression 
Omnibus, a public functional genomics data repository. 
GSE53757 and GSE36895 datasets were from the 
GPL570 platform ([HG-U133_Plus_2] Affymetrix 
Human Genome U133 Plus 2.0 Array), the former 
included 72 normal samples and 72 ccRCC samples,12 

and 23 normal renal specimens and 32 ccRCC 
specimens.13,14

Database Analyses
TIMER (https://cistrome.shinyapps.io/timer/) is a web ser-
ver for comprehensive analysis of tumor-infiltrating 
immune cells.15 “DiffExp” module allows users to study 
the differential expression between tumor and adjacent 
normal tissues for any gene of interest across all TCGA 
tumors. In the present study, we used the “DiffExp” mod-
ule to determine differences IQGAP3 of expression in 
tumor and normal samples. UALCAN (http://ualcan.path. 
uab.edu/index.html) is a comprehensive, user-friendly, and 
interactive web resource. It now provides protein expres-
sion analysis option using data from Clinical Proteomic 
Tumor Analysis Consortium (CPTAC).16,17 The protein 

expression levels of IQGAP3 in ccRCC were estimated 
using UALCAN database. What is more, the representa-
tive IQGAP3 immunohistochemistry images were 
obtained from the Human Protein Atlas (HPA, https:// 
www.proteinatlas.org/).18 The cBioPortal for cancer geno-
mics (http://www.cbioportal.org/) is a powerful open- 
source database, which can provide multidimensional can-
cer genomics and clinical data retrieved from the TCGA 
database.11 Here, the kidney renal clear cell carcinoma 
((TCGA, Firehose Legacy)) dataset, including data from 
538 samples with pathology reports, was selected for 
further analyses of IQGAP3 using cBioPortal database. 
Metascape (https://metascape.org/gp/maintenance.html#/ 
main/step1), a robust online database, integrates GO, 
KEGG, UniProt and Drugbank to complete not only path-
way enrichment and biological process annotation, but 

Table 1 Characteristics of Clear Cell Renal Cell Carcinoma 
Patients in the TCGA Database. TCGA, The Cancer Genome 
Atlas

Clinical 
Parameters

Variables Total 
(n=530)

Percentages 
(%)

Age ≤60 264 49.81
>60 266 50.19

Gender Female 186 35.09
Male 344 64.91

Histological grade G1 14 2.64

G2 227 42.83

G3 206 38.87
G4 75 14.15

GX 5 0.94

Unknow 3 0.57

Clinical stage Stage I 265 50

Stage II 57 10.74
Stage III 123 23.21

Stage IV 82 15.48

Unknow 3 0.57

T classification T1 271 51.13

T2 69 13.02
T3 179 33.77

T4 11 2.08

Distant metastasis M0 420 79.25

M1 78 14.72

MX 30 5.66

Unknow 2 0.37

Lymph nodes N0 239 45.09
N1 16 3.02

NX 275 51.89
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also gene-related protein network analysis and drug 
analysis.19 In the study, we used the Metascape database 
to perform functional enrichment analysis to mine the 
potential mechanisms of IQGAP3 in ccRCC.

Association of IQGAP3 Expression with 
Tumor Immune Infiltrating Cells (TIICs) 
and Immunosuppressive Molecules
CIBERSORT is an analytical tool that could quantify 
immune infiltrating cell proportions based on normalized 
gene expression profiles.20 In the study, CIBERSORT 
computational method was employed to estimate the 
TIIC abundance profile in all ccRCC specimens. To 
improve the accuracy of the algorithm, only samples 
with CIBERSORT p < 0.05 in CIBERSORT analysis 
were considered eligible for analysis. Moreover, we esti-
mated the association between IQGAP3 expression with 
several common immunosuppressive molecules.

Construction and Validation 
a Nomogram
Herein, all independent prognostic parameters generated 
through univariate Cox regression and multivariate Cox 
regression analysis were employed for building 
a predictive nomogram, which could predict 1-, 3-, and 
5-year overall survival of patients with ccRCC in the 
TCGA dataset. Then, calibration curves were used to 
evaluate the consistency between the actual survival rate 
and the predicted survival rate.

Statistical Analysis
The Wilcoxon signed-rank test was employed to compare 
the expression levels of IQGAP3 in ccRCC samples with 
that in normal renal samples. The Wilcoxon signed-rank 
test, Kruskal–Wallis test, logistic regression and Fisher 
exact test or chi-square test were used to explore the 
association between clinicopathological features and 
IQGAP3. All patients were divided into high and low 
expression subgroups based on the median value of gene 
expression, Kaplan–Meier survival analysis with log rank 
test was utilized to assess the influence of IQGAP3 on 
overall survival of ccRCC patients. Univariate Cox regres-
sion and multivariate Cox analyses were carried out to 
identify the independent prognostic factors. Genes 
IQGAP3 were obtained by calculating Pearson correlation 
coefficient, genes that meet the criteria Pearson correlation 
coefficients >0.4 and p <0.001 were applied for further 

investigation. Wilcoxon signed-rank test was utilized to 
compare differences in immune cell subtypes in the high- 
and low IQGAP3 subgroups. Pearson correlation analysis 
was utilized to assess the association between IQGAP3 
and immune checkpoints. P < 0.05 was considered to be 
statistically significant. All statistical analyses were carried 
out using R 3.6.1 software.

Results
IQGAP3 Was Highly Expressed in ccRCC
Using the TIMER database, we found that IQGAP3 was 
highly expressed in most malignancies, including ccRCC 
(Figure 1A). Transcriptome data from TCGA, ICGC, 
GSE53757 and GSE36895 demonstrated that IQGAP3 
was significantly higher in ccRCC tissues than in adjacent 
normal tissues (Figure 1B–E). Additionally, the protein 
expression data from the UALCAN database showed that 
IQGAP3 was also highly expressed in ccRCC samples at 
the protein level in comparison with that in normal con-
trols (Figure 1F). What is more, we obtained three repre-
sentative IQGAP3 immunohistochemical images in 
ccRCC. The results showed that the IQGAP3 immunohis-
tochemical staining in ccRCC tissues was “High” 
(Figure 1G–I); however, the IQGAP3 protein expression 
data in normal tissues could not be found in this database.

IQGAP3 Overexpression Was 
Significantly Correlated with Advanced 
Clinicopathological Features
Using the Wilcoxon signed-rank test and Kruskal–Wallis 
test methods, we found no statistically significant differ-
ences in IQGAP3 expression by age and gender (Figure 2A 
and B), whereas IQGAP3 was overexpressed in ccRCC 
patients of high clinical stage, histologic grade, and TNM 
classifications (Figure 2C–G). The logistic regression ana-
lysis results showed that IQGAP3 Overexpression was sig-
nificantly associated with stage (OR = 1.773 for stage III vs 
I, p<0.01; OR = 3.784 for stage IV vs I, p<0.001); grade 
(OR = 4.369 for grade 3 vs 1, p<0.05; OR = 8.833 for grade 
4 vs 1, p<0.01); T classification (OR = 2.394 for T3 vs T1, 
p<0.001; OR = 13.982 for T4 vs T1, p = p<0.05); 
N classification (OR = 7.805 for N1 vs N0, p<0.01); and 
M classification (OR =3.477 for M1 vs M0, p<0.001) 
(Table 2). The Fisher exact test or chi-square test analysis 
showed that the high expression of IQGAP3 was correlated 
with histological grade (p<0.01) and T stage (p<0.01) 
(Table 3).
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Survival Outcomes and Cox Regression 
Analyses
Based on the median expression value of IQGAP3, all 
patients were divided into low- and high subgroups, 
Kaplan–Meier survival analysis was used to assess the 
prognosis value of IQGAP3 in ccRCC patients. Results 
revealed that compared with the low expression sub-
group, patients of the high-IQGAP3 expression sub-
group had a worse overall survival rate (p < 0.001) 
(Figure 3A). The univariate Cox regression analysis 

results indicated that upregulation of IQGAP3 was sig-
nificantly associated with poor prognosis (HR = 2.027, 
p<0.001). Other clinical features, such as age, histologic 
grade, clinical stage, T stage, and M stage, were also 
found to have an unfavorable impact on OS (all p values 
< 0.001). Multivariate Cox regression analysis demon-
strated that increased IQGAP3 expression was an inde-
pendent prognosis factor for poor OS (p < 0.001), as 
well as age (p<0.01), histologic grade (p<0.01), and 
clinical stage (p<0.05) (Table 4 and Figure 3B).

Figure 1 IQGAP3 were highly expressed in ccRCC samples. (A) IQGAP3 expression levels in different tumor types from TCGA database were determined by TIMER; (B–E) 
Data from TCGA, ICGC, GSE53757 and GSE36895 showed that IQGAP3 were highly expressed in ccRCC samples; (F) Based on the UALCAN database, we found that the 
expression levels of IQGAP3 protein were higher in ccRCC samples than that in normal renal tissues; (G–I) Representative immunohistochemical images derived from the HPA 
database showed that IQGAP3 protein was “high” immunohistochemical staining in ccRCC samples. 
Notes: *p < 0.05, **p < 0.01, ***p < 0.001.
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IQGAP3 Genetic Alteration Analysis
Alteration frequency of IQGAP3 mutations in ccRCC was 
analyzed using cBioPortal database. A total of 537 cases 
from KIRC datasets were analyzed. IQGAP3 altered in 40/ 
537 (7.45%) of ccRCC patient samples. These alterations 
were mRNA high in 33 cases (6.15%), amplification in 3 
cases (0.56%), and mutation in 4 cases (0.74%) 
(Figure 4A). Figure 4B shows the OncoPrint visual sum-
mary of alteration on a query of IQGAP3. Furthermore, 
Kaplan–Meier curves indicated that the cases with altera-
tions in one of the query genes have worse overall survival 
and disease-free survival than those without alterations in 
any query genes (all p values < 0.001) (Figure 4C and D).

Co-Expression Analysis
To search for functional partners with IQGAP3, the 
Pearson correlation coefficients were calculated to select 
genes related with IQGAP3, genes that meet the criteria 
Pearson correlation coefficients >0.4 and p <0.001 were 
considered as hub-related genes. Results showed that 726 
genes were significantly correlated with IQGAP3, includ-
ing 623 positively related genes and 103 negatively related 
genes (Table S1). Figure 5A shows the top 20 positively 
and negatively related genes. Among them, KIF18B, 
HJURP and TROAP were strongly associated with 
IQGAP3. The Pearson correlation coefficients were 
0.878, 0.877, and 0.871 (all p values < 0.001) 
(Figure 5B–D). RNA-seq data from TCGA database 

showed that KIF18B, HJURP and TROAP were signifi-
cantly upregulated in ccRCC tissues by comparison with 
noncancerous tissues (all p values < 0.001) (Figure 5E–G). 
Survival analysis results showed that higher expression 
level of KIF18B, HJURP and TROAP indicated a worse 
OS for patients with ccRCC (all p values < 0.001) 
(Figures 5H–J).

Functional Enrichment Analysis
To explore the potential mechanisms of IQGAP3, we per-
form functional enrichment analysis of IQGAP3 and its 
functional partners through Metascape database to mine its 
biological processed and signaling pathways. GO_BP ana-
lysis indicated that IQGAP3 and its functional partners 
were mainly enriched in biological processes associated 
with cell proliferation, such as the nuclear division, cell 
cycle phase transition, DNA replication, and DNA repair 
(Figure 6). KEGG pathway analysis demonstrated that 
IQGAP3 and its functional partners were significantly 
enriched in several tumor-related signaling pathways, 
such as cell cycle, DNA replication, p53 signaling path-
way, and MicroRNAs in cancer (Figure 7).

Association Between IQGAP3 and TIICs
Tumor-infiltrating immune cells are a portion of the tumor 
microenvironment that could modulate the progression of 
tumor. In this study, we performed 21 kinds of immune cell 
profiles in ccRCC samples using the CIBERSORT algorithm, 

Figure 2 The relationship between IQGAP3 expression levels with clinical features of ccRCC. (A) Age; (B) Gender; (C) Stage; (D) Grade; (E) T stage; (F) N stage; (G) M stage. 
Notes: *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 8A shows the proportion of 21 kinds of TIICs in 
ccRCC tumor samples. Column names of plot were sample 
ID. Figure 8B shows the correlation between two kinds of 
cells, and Pearson coefficient was used for significance test. 
For further exploration, we found that five kinds of TIICs were 
positively correlated with IQGAP3 expression, including CD8 
+ T cells ((p < 0.01)), CD4+ memory activated T cells (p < 
0.01), follicular helper T cells (p < 0.001), regulatory T cells 
(Tregs) (p < 0.001), and M0 Macrophages (p < 0.01); and six 
kinds of TIICs were negatively correlated with IQGAP3 
expression, including naive B cells (p < 0.05), memory 
B cells (p < 0.05), CD4 memory resting T cells (p < 0.05), 
Monocytes (p < 0.01), activated Dendritic cells (p < 0.001) and 
Mast cells resting (p < 0.001) (Figure 8C).

Relationship Between IQGAP3 and 
Immunosuppressive Molecules
Tumor growth and progression are significantly correlated 
with immune suppression, immunosuppressive molecules 
are the culprit in the process, such as cytotoxic 
T-lymphocyte–associated protein-4 (CTLA4), programmed 

cell death-1 (PD-1) and Lymphocyte activation gene-3 
(LAG3). Hence, in the current study, we estimate the asso-
ciation between IQGAP3 and several common immunosup-
pressive molecules (Figure 9A), and results showed that 
IQGAP3 was positively associated with PD-1 (p < 0.001), 
LAG3 (p < 0.001), CTLA4 (p < 0.001), TIGIT (p < 0.001), 
CD276 (p < 0.001), and HAVCR2 (p < 0.01) (Figure 9B–G); 
whereas negatively associated with VSIR (p < 0.05) 
(Figure 9H). However, no correlation between IQGAP3 
and CD274 was found (Figure 9I).

Construction and Validation 
a Nomogram for Predicting OS of ccRCC
A nomogram is a robust tool, which was widely utilized to 
predict tumor prognosis. Herein, we employed the inde-
pendent prognostic factors based on multivariate Cox 
regression analysis to construct a predictive nomogram. 
Age, grade, stage and IQGAP3 were included in the 
nomogram (Figure 10A). Additionally, calibration curves 
indicated that actual and predicted survival matched very 
well in terms of 1-year (Figure 10B), 3-year (Figure 10C) 
and 5-year OS (Figure 10D). Taken together, the nomo-
gram-based results confirmed a very effective accuracy for 
predicting the 1-, 3- and 5-year survival of ccRCC 
patients.

Discussion
Renal clear cell carcinoma is one of the lethal cancers and 
its treatment faces enormous challenges, especially for 
patients with advanced and metastatic. IQGAP3 is 
a member of the IQGAP gene family, which was reported 
to participate in different cellular processes. Accumulating 
evidence confirmed its carcinogenic role in the cancer 
process. However, there are few reports on the role of 
IQGAP in ccRCC.

Herein, we comprehensively discussed the roles 
IQGAP3 in ccRCC. Firstly, we demonstrated that 
IQGAP3 was highly expressed in ccRCC specimens, and 
overexpression IQGAP3 phenotype was significantly asso-
ciated with high histological grade, advanced clinical 
stage, TNM classification and poor prognosis. Moreover, 
univariate Cox regression and multivariate Cox regression 
analyses confirmed that IQGAP3 was an independent risk 
factor for ccRCC patients. All results indicated that 
IQGAP3 might serve as an oncogene in ccRCC. 
Abnormal genetic alteration might affect the expression 
of genes,21 so we explored the potential genetic alteration 

Table 2 Association of IQGAP3 Expression with 
Clinicopathological Characteristics (Logistic Regression Analysis)

Clinical Parameters Odds Ratio 
in IQGAP3 
Expression

OR.95L OR.95H p-value

Age

<60 vs ≥60 1.313 0.934 1.848 0.118

Gender

Female vs Male 1.180 0.826 1.688 0.363

Stage

Stage II vs Stage I 0.939 0.519 1.673 0.831

Stage III vs Stage I 1.773 1.153 2.738 **

Stage IV vs Stage I 3.784 2.221 6.646 ***

Grade

Grade 2vs.Grade 1 2.545 0.770 11.477 0.160

Grade 3vs.Grade 1 4.369 1.319 19.733 *

Grade 4vs.Grade 1 8.833 2.483 41.920 **

T

T2vs.T1 1.014 0.590 1.727 0.960

T3vs.T1 2.394 1.629 3.541 ***

T4vs.T1 13.982 2.623 258.434 *

M

M1 vs.M0 3.477 2.052 6.115 ***

N

N1vs.M0 7.805 2.120 50.402 **

Notes: *p<0.05; **p<0.01; ***p<0.001.
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of IQGAP3 in ccRCC. We found that 40 of the 537 
patients had genetic mutations in IQGAP3, with the most 
common type of mutation being mRNA high, and patients 
in the mutated group showed a worse prognosis. The 

results indicated that IQGAP3 genetic alteration might be 
responsible for their overexpression in ccRCC and the 
unfavorable influence on the prognosis of ccRCC patients. 
Co-expressed genes might have the similar function in the 

Table 3 Association of IQGAP3 Expression with Clinicopathological Characteristics (Fisher's Exact Test or Chi-Square Test)

Characteristics Type Total High Expression Low Expression p-value

Age >60 266(50.19%) 136(51.32%) 130(49.06%) 0.664
≤60 264(49.81%) 129(48.68%) 135(50.94%)

Gender FEMALE 186(35.09%) 86(32.45%) 100(37.74%) 0.237
MALE 344(64.91%) 179(67.55%) 165(62.26%)

Grade G1 14(2.68%) 5(1.92%) 9(3.45%) **

G2 227(43.49%) 105(40.23%) 122(46.74%)

G3 206(39.46%) 100(38.31%) 106(40.61%)
G4 75(14.37%) 51(19.54%) 24(9.2%)

Stage Stage I 265(50.28%) 122(46.39%) 143(54.17%) 0.085
Stage II 57(10.82%) 25(9.51%) 32(12.12%)

Stage III 123(23.34%) 67(25.48%) 56(21.21%)

Stage IV 82(15.56%) 49(18.63%) 33(12.5%)

T T1 271(51.13%) 126(47.55%) 145(54.72%) **

T2 69(13.02%) 28(10.57%) 41(15.47%)
T3 179(33.77%) 102(38.49%) 77(29.06%)

T4 11(2.08%) 9(3.4%) 2(0.75%)

N N0 239(93.73%) 115(90.55%) 124(96.88%) 0.068

N1 16(6.27%) 12(9.45%) 4(3.12%)

M M0 420(84.34%) 202(81.12%) 218(87.55%) 0.064

M1 78(15.66%) 47(18.88%) 31(12.45%)

Note: **p<0.01.

Figure 3 Survival analysis and Cox regression analysis (A) Kaplan–Meier survival analysis showed that patients of the high-IQGAP3 expression subgroup had a worse overall 
survival rate; (B) Independent prognostic factors identified by multivariate Cox regression analysis. 
Notes: *p < 0.05, **p < 0.01, ***p < 0.001.
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cancer’s progression.22 We obtained the most important 
co-expressed genes by calculating the correlation coeffi-
cient. Among them, KIF18B, HJURP and TROAP were 
strongly associated with IQGAP3. Further analysis 

showed that KIF18B, HJURP and TROAP were also 
highly expressed in ccRCC tissues, and higher expression 
level of them indicated a poorer prognosis for ccRCC 
patients.

Table 4 Association with Overall Survival and Clinicopathological Characteristics in Patients from the TCGA Database Using Cox 
Regression. TCGA, The Cancer Genome Atlas

Variables Univariate Cox Regression Multivariate Cox Regression

HR HR.95L HR.95H p-value HR HR.95L HR.95H p-value

age (>60 vs ≤60) 1.033 1.019 1.047 *** 1.038 1.022 1.053 ***
gender (male vs female) 0.931 0.675 1.284 0.663

grade (G3/G4 vs G1/G2) 2.293 1.854 2.836 *** 1.431 1.124 1.822 **

stage (III/IV vs I/II) 1.889 1.649 2.164 *** 1.560 1.004 2.425 *
T (T3/T4 vs T1/T2) 1.941 1.639 2.299 *** 0.911 0.610 1.360 0.648

M (M1 vs M0) 4.284 3.106 5.908 *** 1.341 0.695 2.586 0.381

IQGAP3(High vs Low) 2.027 1.641 2.505 *** 1.534 1.217 1.935 ***

Notes: *p<0.05; **p<0.01; ***p<0.001.

Figure 4 Genetic mutation analyses of IQGAP3 in clear cell renal cell carcinoma (ccRCC) (cBioPortal database). (A) IQGAP3 are altered in 40/537 (7.45%) of 537 cases; (B) 
The OncoPrint visual summary of alteration on a query of IQGAP3; (C and D) The Kaplan–Meier curves between IQGAP3 altered group and unaltered group.
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KIF18B, a member of kinesin superfamily, has a long- 
reported significant effect on the onset and progression of 
cancer.23,24 Wang et al25 have identified KIF18B as a risk 

gene in the metastasis of ccRCC. HJURP, a histone H3 
chaperone, was identified as a crucial factor in DNA 
binding and phosphorylation, which promotes 

Figure 5 Co-expression analysis. (A) The top 20 positively and negatively genes associated with IQGAP3; (B–D) KIF18B, HJURP and TROAP were strongly associated with 
IQGAP3; (E–G) KIF18B, HJURP and TROAP were highly expressed in ccRCC tissues; (H–J) Survival analysis results showed that higher expression level of KIF18B, HJURP 
and TROAP indicated a worse OS for patients with ccRCC. 
Note: ***p < 0.001.
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chromosome segregation and cell mitosis.26 HJURP has 
been demonstrated to be significantly overexpressed in 
several tumors, such as hepatocellular carcinoma, breast 
cancer, lung cancer, bladder cancer and glioma.27 TROAP, 
a cytoplasmic protein required for microtubular cytoskele-
ton regulation and spindle assembly, has been reported to 
play an important role in various cancers.28 Although there 
was no direct evidence of a link between IQGAP3 and 
KIF18B, HJURP, and TROAP. Given the role of the latter 

three genes in other cancers, their association was worthy 
of further investigation.

Next, we perform functional enrichment analysis to 
explore the potential mechanisms of IQGAP3 and its co- 
expressed genes. Results showed that these genes were 
significantly several cancer-related biological processes 
and pathways, such as cell cycle, DNA replication, DNA 
repair. These processes and pathways are significantly 
critical in the development of cancer. For example, cell 

Figure 6 Biological processes enrichment analysis of IQGAP3 and its functional partners (Metascape database). (A) Heatmap of the biological processes enriched terms 
colored by P-values; (B) Network of biological processes enriched terms colored by P-value; (C) Network of biological processes enriched terms colored by clusters.
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cycle was the one of the most important signaling path-
ways and abnormal cell cycle regulation would lead to the 
onset and development of cancers.29 DNA replication and 
DNA repair were at the heart of the cancer process.30 

Dysregulation of DNA replication and DNA repair 
would promote the development of cancer, and inhibition 
of DNA replication or DNA repair would prevent cancer 
cells from replicating, leading to cell death.31

Tumour immune infiltrating cells, the key component 
of the tumor microenvironment, played a crucial role in 
the cancer’s progression.32 However, the interaction 
between TIICs and IQGAP3 in ccRCC is still unknown. 
In this study, we calculated the content of 21 immune cells 
in each sample by the CIBERSORT algorithm. Then, we 
further analyzed the differences in tumour immune infil-
trating cells between high and low-IQGAP3 expression 

Figure 7 Signaling pathways enrichment analysis of IQGAP3 and its functional partners (Metascape database). (A) Heatmap of the pathways enriched terms colored by 
P-values; (B) Network of pathways enriched terms colored by P-value; (C) Network of pathways enriched terms colored by clusters.
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groups. High expression group showed high level immune 
infiltrates of CD8+ T cells, CD4+ memory activated 
T cells, follicular helper T cells, regulatory (Tregs) 
T cells and M0 Macrophages. Regulatory (Treg) T cells 
were the main mediators of immunosuppression and an 
increase in regulatory (Treg) T cells was strongly corre-
lated with poor prognosis in a variety of malignancies.33 

Additionally, elevated immune infiltrate level of M0 
macrophages has been reported to be associated with 
poor clinical prognosis in cancer.34 Immune checkpoints 
can help tumor cells evade immune surveillance and the 
use of immune checkpoint inhibitors (ICIs) has proved to 
be one of the most promising approaches in the field of 
cancer treatment.35 Here, we assessed the relationship 

Figure 8 Correlation of TIICs proportion with IQGAP3 expression. (A) Barplot showing the proportion of 21 kinds of TIICs in ccRCC tumor samples; (B) Heatmap 
showing the correlation between 21 kinds of TIICs and numeric in each tiny box indicating the p value of correlation between two kinds of cells. The shade of each tiny color 
box represented corresponding correlation value between two cells, and Pearson coefficient was used for significance test; (C) Barplot showed the ratio differentiation of 21 
kinds of immune cells between ccRCC tumor samples with low or high IQGAP3 expression relative to the median of IQGAP3 expression level, and Wilcoxon rank sum was 
used for the significance test. 
Notes: *p < 0.05, **p < 0.01, ***p < 0.001.
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between IQGAP3 and PD-1, LAG3, CTLA4, TIGIT, 
CD276, HAVCR2, VSIR and PD-L1. Results showed 
that IQGAP3 was positively correlated with PD-1, 
LAG3, CTLA4, TIGIT, CD276, and HAVCR2. Of all the 
immunosuppressive molecules, PD-1, CTLA-4 were two 
of the first and most promising targets to be identified. PD- 
1 could inhibit CD8 T cell activation and promote 
depletion.36 CTLA-4, expressed in activated CD 4 and 
CD 8 T cells, suppresses the activated T cell response 
and mediates the immunosuppressive function of Tregs.37 

Recently, research found that blocking LAG-3 resulted in 

higher T cell activation by comparison with PD-1/PD- 
L1.38 TIGIT can inhibit immune cell function at multiple 
steps in the tumor immune cycle.39 All the above analyses 
suggested that CCRCC patients with high IQGAP3 
expression had a strong immunosuppressive effect, which 
may be an important reason for their poor prognosis, and 
also suggested that patients with high IQGAP3 expression 
subgroup might benefit more from ICIs.

In the current study, we found that IQGAP3 may serve as 
a key oncogene and potential therapeutic target in ccRCC. 
Nomogram based on IQGAP3 expression, age, grade, and 

Figure 9 Correlation of immunosuppressive molecules expression with IQGAP3 expression. (A) Circle diagram of correlation between immunosuppressive molecules 
expression and IQGAP3 expression; (B–E) Correlation analysis results showed that IQGAP3 was positively associated with PD-1, LAG3, CTLA4, and TIGIT; (F–H) 
Correlation analysis results showed that IQGAP3 was negatively associated with B7H3, TIM3 and VSIR (I) No correlation between IQGAP3 and PD-L1 was found.
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stage could well predict the prognosis of ccRCC patients. 
However, some limitations should not be ignored. This is 
a retrospective study based on several public databases, and 
the precise mechanism of IQGAP3 impact ccRCC patient 
prognosis has not been fully illustrated. Further substantial 
proofs, such as cell-based protein expression assays and 
other basic medical experiments should be carried out to 
confirm our conclusions.
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