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Abstract
Background: I kappa B kinase interacting protein (IKBIP) is dysregulated and closely correlated with
prognosis in tumor. However, the potential functions of IKBIP have not been utterly revealed in
hepatocellular carcinoma (HCC). Thus, we explored the clinical values of IKBIP and its correlation with
immune in�ltrates in HCC.

Methods: IKBIP expression in different tumor types was analyzed through the Tumor Immunity
Evaluation Resource (TIMER) database. IKBIP expression between HCC and normal tissues were readily
available for retrospective analyses from GEPIA, UALCAN and the Cancer Genome Atlas (TCGA)
databases. The association between clinical features and IKBIP expression in HCC was analyzed by the
Wilcoxon signed-rank test and logistic regression. Human Protein Atlas (HPA) was used to analyze the
protein expression of IKBIP. A receiver operating characteristic (ROC) curve was performed to explore
diagnostic potential of IKBIP. Kaplan-Meier (K-M) method and Cox regression were conducted to evaluate
the in�uence of IKBIP on the prognosis of HCC patients. Protein-protein interaction (PPI) networks were
established using STRING. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
were used for gene functional enrichment analysis. The interrelation between IKBIP expression and
immune in�ltrates in HCC was analyzed through TIMER and tumor-immune system interaction database
(TISIDB).

Results: Our results revealed that IKBIP expression was abnormally upregulated in HCC, and ROC curve
analysis con�rmed the diagnostic power of IKBIP. High IKBIP expression was related to tumor sizes,
pathologic stage and histologic grade. K-M plotter analysis showed that high IKBIP expression was
correlated with poor prognosis of HCC patients. Moreover, multivariate Cox analysis further veri�ed that
high IKBIP expression was an independent risk factor in HCC patients. Correlation analysis found that
IKBIP expression was associated with in�ltrating immune cells.

Conclusion: High IKBIP expression is associated with poor prognosis and immune in�ltrates, which may
serve as a prognostic biomarker and therapeutic target for HCC.

Introduction
Hepatocellular carcinoma (HCC), approximately accounting for 75%-85% of all primary liver
malignancies, is one of the leading causes of cancer-related mortality around the world (1–3). In recent
years, new targeted and immune therapies could improve overall survival and improve quality of life in
HCC patients. However, the prognosis still remains unsatisfactory, and the 5-year survival rate is only 7%
(4–6). Thus, more potential molecular targets are urgently needed for improving the treatment of HCC
patients.

I kappa B kinase interacting protein (IKBIP) was found to be located on human chromosome 12. Hofer-
Warbinek et al. showed that IKBIP was a target gene of p53 and promoted the apoptosis (7). A recent
paper reported that IKBIP was upregulated and closely correlated with aggressive phenotypes in glioma.
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High IKBIP expression was correlated with poor prognosis of patients with glioma. Moreover, IKBIP was
closely related to a series of EMT-related biological processes, which indicated that IKBIP might
contribute to tumorigenesis and progression of glioma through EMT induction(8). However, the potential
functions of IKBIP in HCC still remain unclear. We hypothesized that, similar to glioma, the level of IKBIP
is closely related to survival in HCC. Thus, we further explored the diagnostic and prognostic values of
IKBIP in HCC and its correlation with immune in�ltration based on multiple databases in this study.

Materials And Methods

Analysis of Tumor Immune Estimation Resource (TIMER)
database
TIMER (https://cistrome.shinyapps.io/timer/) is a comprehensive portal for the systematic assessment
of immune in�ltrations in different tumor types (9). In this study, IKBIP expression in diverse cancer types
was analyzed via the “Diff Exp” module. Additionally, the “Gene” module was used to investigate the
relationship between IKBIP expression and tumor-in�ltrating immune cells (TILs).
Analysis of the Cancer Genome Atlas (TCGA) database

The IKBIP expression data and relevant clinical information in HCC patients were obtained from TCGA
website (http://cancergenome.nih.gov/)(10). Besides, we eliminated any samples with duplicate or
insu�cient information in this study.

Analysis of GEPIA and UALCAN databases

GEPIA (http://gepia.cancerpku.cn/) and UALCAN (http://ualcan.path.uab.edu) were the online databases
to analyzed gene expression data from TCGA(11, 12). In this study, we utilized GEPIA and UALCAN
databases to analyze IKBIP expression in HCC and normal tissues. 

Analysis of Human Protein Atlas (HPA)

The protein expression of normal and tumor tissues was assessed via HPA(13). Thus, we used HPA
to analyze the protein expression of IKBIP in HCC and tumor tissues.

Analysis of Kaplan–Meier (K-M) plotter database

The K–M plotter (http://kmplot.com/analysis/) can assess the effect of various biomolecules in tumor
on the survival rate(14). In this study, the K–M plotter was performed to assess the prognostic potential
of IKBIP in HCC patients. 

Analysis of Protein-Protein Interaction (PPI) and gene functional enrichment analysis

The PPI network of IKBIP was established by STRING online database (https://string-db.org/)(15).
Meanwhile, Gene ontology (GO) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) were
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used for analyzing the possible biological functions of IKBIP.

Analysis of Tumor-Immune System Interaction database (TISIDB)

TISIDB is an online web for analyzing tumor-immune system interaction(16). We utilized TISIDB to
analyze IKBIP expression and TILs in various cancers. Meanwhile, the interrelations between IKBIP
expression and TILs were also evaluated by TISIDB.

Statistical Analyses

Mann-Whitney U-test and Paired t-test were performed to compare IKBIP expression levels between HCC
and normal tissues. The ROC curve was conducted to assess the diagnostic potential of IKBIP. Wilcoxon
signed-rank test and logistic regression were performed to analyze the correlation between clinical
features and IKBIP expression in HCC. K–M plotter was used for assessing the in�uence of IKBIP
on survival. Univariate and multivariate Cox analyses were performed to explore the potential prognostic
factors in HCC. The nomogram and calibration curves were conducted to predict 1-, 3- and 5-year overall
survival (OS) for HCC patients. P value < 0.05 was considered as statistically signi�cant.

Results

IKBIP expression was elevated in HCC and other cancers
IKBIP expression in various types of cancer was �rst analyzed using TIMER database. Higher expression
of IKBIP was signi�cantly elevated in bladder urothelial carcinoma (BLCA), breast invasive carcinoma
(BRCA), cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD), esophageal carcinoma (ESCA),
head and neck squamous cell carcinoma (HNSC), kidney chromophobe (KICH), kidney renal clear cell
carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), liver hepatocellular carcinoma (LIHC),
lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), pheochromocytoma and
paraganglioma (PCPG), prostate adenocarcinoma (PRAD), rectum adenocarcinoma (READ), stomach
adenocarcinoma (STAD), thyroid carcinoma (THCA) and uterine corpus endometrial carcinoma (UCEC)
compared with the corresponding normal tissues (Figure 1). Further studies showed that IKBIP expression
in HCC patients was also elevated in GEPIA and UALCAN databases (Figure 2A-B). Moreover, we found
consistent results in the TCGA database (Figure 2C), and paired data analyses indicated that IKBIP
expression in HCC tissues (n =50) was signi�cantly higher than those in normal tissues (n = 50) (Figure
2D). Besides, we found that IKBIP protein expression was upregulated in HCC tissue by
immunohistochemical staining from HPA (Figure 2E). In TCGA database, the ROC analysis suggested
that the level of IKBIP expression had a diagnostic potential in HCC patients (Figure 2F).

Correlations between IKBIP expression and clinical features in HCC patients

The clinical features and gene expression data of HCC patients were obtained from TCGA database.
Wilcoxon signed-rank test and logistic regression were performed to evaluate the association between
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IKBIP expression and clinical features. High IKBIP expression was signi�cantly correlated with T stage (P
< 0.001), pathologic stage (P < 0.001) and histologic grade (P = 0.002) (Table 1 and Figures 3A–H). While
it was not associated with other features, including age (P = 0.055), gender (P = 0.377), N stage (P =
0.623), M stage (P = 1.000) and residual tumor (P = 0.898). The univariate analysis indicated that IKBIP
expression was correlated with the poor prognostic for HCC patients. High IKBIP expression was
signi�cantly associated with T stage (T3&T4 vs T1&T2: OR = 2.484, 95% CI = 1.530-4.100, P < 0.001),
pathologic stage (Stage III&Stage IV vs. Stage I&Stage II: OR =2.643, 95% CI = 1.611-4.411, P < 0.001) and
histologic grade (G3&G4 vs. G1&G2: OR = 2.148, 95% CI = 1.399-3.324, P < 0.001) (Table 2).



Page 6/19

Table 1
Correlation between IKBIP expression and clinical features of patients with HCC

(TCGA).
Characteristic Low IKBIP expression High IKBIP expression P

N (%) N (%)

Age     0.055

<=60 79 (21.2%) 98 (26.3%)

>60 108 (29%) 88 (23.6%)

Gender     0.377

Female 56 (15%) 65 (17.4%)

Male 131 (35%) 122 (32.6%)

T stage     < 0.001

T1 110 (29.6%) 73 (19.7%)

T2 44 (11.9%) 51 (13.7%)

T3 29 (7.8%) 51 (13.7%)

T4 2 (0.5%) 11 (3%)

N stage     0.623

N0 123 (47.7%) 131 (50.8%)

N1 1 (0.4%) 3 (1.2%)

M stage     1.000

M0 133 (48.9%) 135 (49.6%)

M1 2 (0.7%) 2 (0.7%)

Pathologic stage     < 0.001

Stage I 105 (30%) 68 (19.4%)

Stage II 43 (12.3%) 44 (12.6%)

Stage III 27 (7.7%) 58 (16.6%)

Stage IV 3 (0.9%) 2 (0.6%)

Residual tumor     0.898

R0 171 (49.6%) 156 (45.2%)

R1 8 (2.3%) 9 (2.6%)
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R2 1 (0.3%) 0 (0%)

Histologic grade     0.002

G1 36 (9.8%) 19 (5.1%)

G2 97 (26.3%) 81 (22%)

G3 46 (12.5%) 78 (21.1%)

G4 6 (1.6%) 6 (1.6%)

Table 2
IKBIP expression associated with clinicopathologic features using logistic regression

Characteristics Total
(N)

Odds Ratio (OR) P
value

Age (>60 vs. <=60) 373 0.657 (0.436-0.987) 0.044

Gender (Male vs. Female) 374 0.802 (0.519-1.238) 0.320

T stage (T3&T4 vs. T1&T2) 371 2.484 (1.530-4.100) <0.001

N stage (N1 vs. N0) 258 2.817 (0.355-
57.360)

0.373

M stage (M1 vs. M0) 272 0.985 (0.117-8.308) 0.988

Pathologic stage (Stage III&Stage IV vs. Stage I&Stage
II)

350 2.643 (1.611-4.411) <0.001

Residual tumor (R1&R2 vs. R0) 345 1.096 (0.418-2.876) 0.850

Histologic grade (G3&G4 vs. G1&G2) 369 2.148 (1.399-3.324) <0.001

The independent risk factor and prognostic potential of IKBIP expression in HCC patients

The survival analysis demonstrated that high expression of IKBIP was related to poor OS (P = 0.002)
(Figure 4A), and the K-M plotter showed that high IKBIP expression was also associated with poor OS (P =
3.4e-05) (Figure 4B), poor progression-free survival (PFS) (P = 8.7e-0.5) (Figure 4C) and poor disease-free
survival (DFS) (P < 0.001) (Figure 4D). In multivariate Cox analysis, T stage (HR = 0.394, 95% CI = 10.277-
0.560, P < 0.001), pathologic stage (HR = 0.408, 95% CI = 0.282-0.592, P < 0.001), and IKBIP expression
(HR = 1.543, 95% CI = 1.256-1.896, P < 0.001) were signi�cantly correlated with poor OS. Moreover,
multivariate regression analysis further con�rmed that only IKBIP expression was an independent
prognostic factor in HCC (HR = 1.506, 95% CI = 11.149-1.973, P < 0.01) (Table 3). Besides, the nomogram
was conducted to predict the 1, 3, 5-year OS of HCC patients (Figure 5A), and the accuracy of prediction
was evaluated by Calibration curve (Figure 5B).
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Table 3
Associations with clinical features in HCC patients using cox regression.

Characteristics Total(N) Univariate analysis   Multivariate
analysis

Hazard ratio
(95% CI)

P
value

Hazard
ratio
(95% CI)

P
value

Gender (Female vs Male) 370 0.816
(0.573-
1.163)

0.260      

Age (>60 vs<=60) 370 1.248
(0.880-
1.768)

0.214      

T stage (T3&T4 vs T1&T2) 367 0.394
(0.277-
0.560)

<0.001   0.350
(0.046-
2.676)

0.312

N stage (N1 vs N0) 256 0.499
(0.122-
2.037)

0.333      

M stage (M1 vs M0) 270 0.248
(0.078-
0.789)

0.018   0.401
(0.121-
1.321)

0.133

Pathologic stage (Stage III & Stage IV
vs Stage I & Stage II)

346 0.408
(0.282-
0.592)

<0.001   1.175
(0.152-
9.102)

0.877

Residual tumor (R1&R2 vs R0) 341 0.637
(0.322-
1.258)

0.194      

Histologic grade (G3&G4 vs G1&G2) 365 0.893
(0.623-
1.281)

0.539      

IKBIP 370 1.543
(1.256-
1.896)

<0.001   1.506
(1.149-
1.973)

0.003

PPI networks and gene functional enrichment analysis

We explored PPI networks and gene functional enrichment by using STRING database, GO and KEGG
analyses. As shown in Figure 6A-B, the network of IKBIP, GO and KEGG analyses indicated IKBIP was
correlated with endocytosis, Golgi-associated vesicle membrane, coated membrane, membrane coat and
vesicle coat. The interrelation analyses between IKBIP expression and 10 co-expressed genes were shown
in Figure 6C–L.

Correlation analysis between IKBIP expression and immune in�ltrations in HCC
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We utilized TIMER database to analyze the association between IKBIP expression and TILs. IKBIP
expression was associated with tumor purity (r = -0067, P = 2.11e-01), B cell (r = 0.347, P = 3.45e-11),
CD8+ T cell (r = 0.368, P = 2.15e-12), CD4+ T cell (r = 0.328, P = 4.79e-10), macrophage (r = 0.486, P =
1.34e-21), neutrophil (r = 0.425, P = 1.33e-16), dendritic cell (r = 0.446, P = 5.42e-18) (Figure 7A).
Moreover, we also used TISIDB database to evaluate the interrelation between IKBIP expression and TILs
(Figure 7B), and the �ndings indicated IKBIP expression was related to the Act-CD4+ T cells (r = 0.479, P <
2.2e-16), Tem-CD4+ T cells (r = 0.256, P = 5.88e-07), NKT cells (r =0.222, P = 1.6e-05) and Th2 cells (r =
0.346, P = 8.46e-12) (Figure 7C). 

Discussion
HCC has become a major health problem worldwide with the characteristics of invasion, metastasis and
frequent recurrence(17, 18). The treatment of HCC has made great progress, but the prognosis of HCC
still remains unsatisfactory(19). Thus, it is necessary to explore new immunotherapy targets for HCC.
IKBIP is located on chromosome 12, which was described as the target of p53 with pro-apoptotic
activity(20). A recent paper reported that IKBIP was upregulated in glioma and correlated with an
unsatisfactory prognosis (21). However, the clinical values of IKBIP have not been utterly revealed in HCC.

In this study, our results found that IKBIP was elevated in various cancers by pan-cancer analysis.
Moreover, we also con�rmed that IKBIP expression in HCC was signi�cantly upregulated in multiple
databases. The IKBIP expression was associated with tumor sizes, high pathologic stage and histologic
grade. ROC curve analysis found that IKBIP serves as a promising diagnostic biomarker in HCC patients.
Based on K-M plotter and univariate analysis, we found that high IKBIP expression was related to short
OS, PFS and DFS. Univariate Cox analysis further con�rmed that the level of IKBIP was risk factors for the
prognosis in HCC. These results indicated that IKBIP might serve as a novel prognostic factor and a
potential new target for the treatment of HCC patients.

Recent studies have demonstrated that IKBIP could promote the occurrence and development of tumor by
Epithelial-to-mesenchymal transition (EMT) induction(8). EMT plays a crucial role not only in promoting
tumor invasion and migration, but also in tumor recurrence and treatment resistance(22, 23). Besides,
IKBIP has also been shown to be related to immune and in�ammatory responses (24). Based on these,
we conclude that IKBIP may play an immunosuppressive role in tumor. However, the biological function
of IKBIP has not been investigated in HCC. Thus, we further elucidated the function of IKBIP in HCC. We
found that Hub genes of IKBIP in PPI network were apoptotic protease-activating factor 1 (APAF1),
GTPase-activating protein 3 (ARFGAP3), clathrin light chain B (CLTB), NFU1, protein kinase C and casein
kinase substrate in neurons 2 (PACSIN2), patched domain containing 3 (PTCHD3), RAB11 family
interacting protein 1 (RAB11FIP1), RPUSD4, serine/arginine-rich splicing factor 7 (SRSF7) and TTLL1. GO
and KEGG analysis indicated that KIBIP and its co-expressed genes were enriched in endocytosis, Golgi-
associated vesicle membrane, coated membrane, membrane coat and vesicle coat. Among co-expressed
genes, ARFGAP3, a GTPase-activating protein, which was correlated with the Golgi-apparatus and involve
in the vesicular tra�cking pathway, and it has been con�rmed that ARFGAP3 could promote the
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proliferation and migration of prostate cancer cell(25). RAB11FIP1, also known as Rab-coupling protein
(RCP), which was involved in tumor invasion and metastasis in breast cancer(26). SRSF7 was frequently
upregulated in colon and lung cancer, which supported that SRSF7 might serve as a proto-oncogene(27).
These �ndings indicated IKBIP might be involved in the occurrence and development of tumors by
synergizing other tumor-related genes.

In recent years, the role of the immune system in cancer has been received increasing attention with the
wide application of tumor immunotherapy (28, 29). Accumulating studies demonstrated that immune
cells in the tumor microenvironment (TME) contribute to tumor occurrence and progression (30).
Therefore, we explored the interrelation between IKBIP expression and TILs. In this study, we found that
IKBIP expression was closely correlated with to six tumor in�ltrating immune cells (B cell, CD8+ T cell,
CD4+ T cell, macrophage, neutrophil, dendritic cell) in HCC. Besides, we also found IKBIP expression was
positively correlated with Act-CD4+ T cells, Tem-CD4+ T cells, NKT cells and Th2 cells. Our results
suggested that there was a potential interrelation between IKBIP and immune in�ltration cells in HCC.
Nevertheless, relevant research should be explored to verify the above �ndings in future studies.

There are some limitations to address in this study. First, IKBIP expression and its prognostic value were
analyzed by online public databases, which should be required to be validated in large-scale clinical
samples. Second, the vivo/vitro experiments are needed to further explore the in�uence of IKBIP on the
immune in�ltrations in HCC.

In conclusion, we �rst found that IKBIP expression was upregulated and correlated with tumor sizes,
pathologic stage and histologic grade in HCC. Moreover, IKBIP expression was also closely associated
with the poor prognosis and immune in�ltrations. Therefore, our �ndings suggested that IKBIP could
serve as a potential biomarker for poor prognosis and might play a crucial role in immune in�ltrations in
HCC.
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Figure 1

IKBIP expression in various types of cancers in TIMER database. *P < 0.05; **P < 0.01; ***P < 0.001.

Figure 2
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IKBIP expression was elevated and correlated with diagnosis in HCC. (A) The level of IKBIP expression
between normal and tumor tissues in GEPIA database, (B) The level of IKBIP expression between normal
and tumor tissues in UALCAN database, (C) The level of IKBIP expression between normal and tumor
tissues in the TCGA database, (D) The level of IKBIP expression in 50 HCC and matched-adjacent normal
tissues in the TCGA database, (E) The protein level of IKBIP based on HPA, (F) The diagnostic value of
IKBIP in HCC. ***P < 0.001.

Figure 3

Correlations between IKBIP expression and clinical pathological features of HCC patients. (A) Age, (B)
Gender, (C) M stage, (D) N stage, (E) T stage, (F) Pathologic stage, (G) Residual tumor, (H) Histologic
grade. ns P > 0.05, *P < 0.05, ***P < 0.001.
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Figure 4

The prognostic potential of IKBIP expression in HCC patients. (A) The survival analysis of OS in TCGA
database, (B) K–M plotter analysis of OS, (C) K–M plotter analysis of PFS, (D) K–M plotter analysis of
DFS.
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Figure 5

The nomogram and calibration for predicting the 1-, 3- and 5-year OS of HCC patients. (A) Nomogram
curve, (B) Calibration curve.
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Figure 6

PPI networks and gene functional enrichment analysis. (A) The network of IKBIP and its co-expression
genes, (B) GO and KEGG analyses of IKBIP and its co-expression genes, (C–K) The interrelation analyses
between IKBIP expression and co-expressed genes in HCC.
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Figure 7

Correlation analysis between IKBIP expression and immune in�ltrations. (A) Correlation between IKBIP
expression and tumor purity, B cell, CD8+ T cell, CD4+ T cell, macrophage, neutrophil, dendritic cell in HCC,
(B) Correlation between IKBIP expression and TILs in various cancers, (C) Correlation between IKBIP
expression and Act-CD4+ T cells, Tem-CD4+ T cells, NKT cells and Th2 cells.


