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Abstract
Background: Hepatocellular carcinoma (HCC) is one of the major causes of 
cancer-related deaths globally. The tumor microenvironment (TME) plays a cru-
cial role in the prognosis and treatment of HCC. Hence, it is important to exploit 
new biomarkers for survival surveillance and TME estimation of HCC.
Methods: HCC samples data was collected from The Cancer Genome Atlas 
(TCGA) and International Cancer Genome Consortium (ICGC) database, and 
clinical samples were collected from our center. The TME of HCC were explored 
with ESTIMATE (Estimation of STromal and Immune cells in MAlignant Tumor 
tissues using Expression data), ssGSEA (single sample Gene Sets Enrichment 
Analysis) and CIBERSORT algorithm. Differentially expressed genes were ana-
lyzed with functional enrichment analysis. Immunohistochemistry was imple-
mented to validate the results.
Results: Based on TCGA database, we found that Neutrophil Cytosolic Factor 2 
(NCF2) was significantly associated with the prognosis of HCC patients, involved 
in immune-related biological processes of HCC and closely associated with some 
types of immunocompetent cells. The survival analysis based on NCF2 expres-
sion assessed by immunohistochemistry also confirmed that NCF2-positive group 
had a shorter relapse free survival (RFS) and overall survival (OS) than NCF2-
negative group. Multivariate Cox regression revealed NCF2 expression level and 
lymphovascular space invasion (LVSI) were independent risk factors for HCC 
patients. Receiver operating characteristic curves showed that the combination of 
NCF2 and LVSI had higher predictive efficacy on the 1-year RFS rate and 5-year 
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1   |   INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most diag-
nosed malignant tumor and the third leading cause of 
cancer-related death worldwide.1 Cirrhosis, resulting from 
virus infection, alcohol abuse, nonalcoholic fatty liver 
disease, etc., is the major risk factor of HCC. Usually the 
OS rate of HCC patients at locally advanced stage is less 
than 10% in 5 years.2 In addition, disease recurrence hap-
pens to 70% patients following curative-intent therapy.3 
Traditional risk factors for recurrence of HCC include 
tumor size, satellite nodules, microvascular invasion and 
poor tumor differentiation.4–6 And AFP is still thought 
highly in the evaluation of HCC recurrence and patients' 
survival. In spite of the remarkable therapeutic progres-
sion, the mortality of HCC patients is still high. Specific 
features and sensitive biomarkers facilitate the prediction 
of prognosis, and help doctors to adjust therapeutic regi-
men. Therefore, developing new and more reliable strate-
gies for survival and recurrence surveillance is beneficial 
to clinical practice and disease outcome.

The tumor microenvironment (TME), comprising im-
mune cells, stromal cells, blood vessels and extracellular 
matrix, is gradually revealed to have influence on the prog-
nosis of cancer patients and continuously evolving for its 
interaction with cancer cells, including HCC. Natural killer 
(NK) cells contribute to innate immune response against 
virus and tumors, and they account for 30%~50% of intra-
hepatic lymphocytes.7 The abundance and infiltration of 
NK cells in peripheral blood and TME are correlated with 
the relapse and overall survival of HCC patients.8,9 FoxP3 
is widely regarded as a marker of regulatory T (Treg) cells, 
and it has been found independently associated with mi-
crovascular invasion, tumor size and envelope invasion 
in HCC, and significantly correlated with the recurrence 
of HCC.10 In addition, Tumor-associated macrophages 
(TAMs) are arousing increasing focus from researchers. 
M2 macrophages were reported as an adverse predictive 
factor for HCC patients.11,12 Immunity plays an important 
role in carcinogenesis and cancer progression, and finding 

out how it works matters a lot to the prognosis and ther-
apy of cancer. However, little work has been done to study 
the relationship between the TME and cancer prognosis.

Recently, TCGA (https://cance​rgeno​me.nih.gov/), a 
database recording genomics, proteomics, mutation and 
clinical data of various tumor samples, has been fre-
quently used by many researchers to exploit the unknown 
information contained in nucleic acid and protein. In 
addition, some practical algorithms like the ESTIMATE 
algorithm,13 ssGSEA algorithm14 and CIBERSORT algo-
rithm15 are also universally used for the assessment of 
TME. Based on gene sets of specific cells, all these algo-
rithms help to better present stromal and immune cells 
infiltration landscapes in tumor tissue. Therefore, making 
good and proper use of these bioinformatics technologies, 
we can find out the TME of HCC in greater detail, and get 
inspiration for further study.

Herein, we used transcriptome and clinical data from 
TCGA to screen out a novel prognosis-related gene for 
HCC patients, and then explored its prognostic value by 
using the clinical tumor samples. Furthermore, we eval-
uated the immune cells infiltration in the TME of HCC 
and predicted its relationship with the prognosis-related 
gene. Not only did our study reveal a novel biomarker for 
predicting the outcome of HCC patients, but also implied 
a potential mechanism that it might influence the progres-
sion of HCC by regulating the TME of HCC, which could 
eventually provide a new idea for clinical treatment.

2   |   MATERIALS AND METHODS

2.1  |  Assessment of the TME of HCC and 
DEGs Identification

RNA-Seq and relevant clinical data of 424 HCC samples 
(TCGA cohort, 50 normal samples vs. 374 tumor samples) 
were obtained from TCGA in January, 2022. Another 
242 HCC samples were downloaded from ICGC data-
base (LIRI-JP dataset). The infiltration of stromal cells 

OS rate than each of them alone. Besides, the expression level of NCF2 was posi-
tively associated with M0 and M2 macrophages infiltration. Furthermore, NCF2 
expression was positively correlated with CSF1, IL4, IL10, CD206, CD163, CSF1R 
and TGFβ1.
Conclusion: We proposed that higher NCF2 expression predicted an adverse 
prognosis and more M2 macrophages infiltration in HCC patients.

K E Y W O R D S
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and immune cells in the microenvironment of HCC and 
tumor purity of HCC were assessed with ESTIMATE algo-
rithm, and measured by StromalScore, ImmuneScore and 
ESTIMATEScore, respectively. The relative abundance of 
tumor infiltrating immune cells (TIICs) were evaluated by 
ssGSEA16,17 and CIBERSORT algorithm (perm = 1000, re-
sults with p < 0.05 were considered credible) with R (ver-
sion 3.6.3).

Differentially expressed genes (DEGs) were screened 
out with “limma” package in R (version 3.6.3). The DEGs 
were determined at the absolute value of log2 fold change 
(|log2FC|) > 1 and the false discovery rate (FDR) < 0.05. 
The “VennDiagram” package was utilized to extract the 
genes which were expressed at similar level in both im-
mune and stromal cells.

2.2  |  Functional analysis of DEGs

Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analyses were executed with R 
(version 3.6.3) packages “ggplot2,” “enrichplot,” and 
“clusterProfiler”, which showed the biological processes, 
cellular components, molecular functions and pathways 
related to the DEGs. The statistical significance was con-
sidered as q-value <0.05.

Gene Set Enrichment Analysis (GSEA) was imple-
mented using GSEA software (version 4.1.0, Broad 
Institute, Cambridge, MA, United States) to testify the 
pathways associated with NCF2. NOM p-value <0.05 and 
FDR <0.25 was thought significantly different.

To explore the interaction among DEGs, the protein–
protein interactions (PPI), of whom the interactive con-
fidence was greater than 0.95 on the STRING platform 
(version 11.5), were selected to establish an interaction 
network with Cytoscape software (version 3.8.2).

2.3  |  Prognostic model

The prognostic model was constructed with “survival” 
package in R (version 3.6.3). The genes included in 
this model was selected in the prognosis and immune 
related genes with function “step” in “survival” pack-
age, which can optimize the model. The prognostic 
model was represented by riskScore  =  Σ gene expres-
sion (FPKM) × coef.

2.4  |  Clinical specimens and follow-up

Thirty-two HCC clinical samples (Table  S1) from 
Hepatobiliary Surgery Department, Cancer Hospital 

Chinese Academy of Medical Sciences (CHCAMS cohort) 
were used in the present study. All HCC tissues received 
a histopathological diagnosis. The patients received op-
eration during April, 2012 to December, 2013, and then 
experienced standard follow-up carried out through 
hospital-based follow-up visit and/or phone call until 
January 10, 2022. The interval of postoperative follow-up 
was 3 months for the first 2 years and thereafter 6 months. 
Each follow-up visit included Alpha-fetoprotein (AFP), 
liver function, enhanced computed tomography (CT) and 
digital subtraction angiography (DSA). Any suspicious re-
currence of HCC was confirmed by enhanced magnetic 
resonance imaging (MRI). Relapse free survival (RFS) was 
defined as the time between operation and recurrence, 
and OS was defined as the time between operation and 
death or the last follow-up visit.

2.5  |  Immunohistochemistry

Paraffin embedded HCC tissues of CHCAMS Cohort 
were used for immunohistochemistry (IHC). After de-
paraffinization and hydration, heat-induced method 
was performed for antigen retrieval. Primary antibody of 
NCF2 (ab109366, 1:25, Abcam, USA) was incubated at 
4°C overnight. Sections were washed with TBS-T buffer, 
and then incubated with secondary antibody, and finally 
stained with DAB. Semiquantitative assessment of the 
stained sections were determined by the proportion of 
positive cells and the staining intensity: “−”  =  no posi-
tive cells; “+” = 0 ~ 25% and weak or moderate intensity; 
“++”  =  25% ~ 50% and moderate intensity, or 0 ~ 25% 
and strong intensity, or 50% ~ 100% and weak intensity; 
“+++”  =  50% ~ 100% and strong intensity. All the sec-
tions were scored independently by two experienced 
pathologists.

2.6  |  Statistical analysis

Data are presented as mean ± SEM. Cut-offs were provided 
by X-tile software (Yale School Of Medicine, USA, version 
3.6.1).18 Survival analysis was conducted by Kaplan–Meier 
method and Log-rank test, and patients without com-
pleted follow-up data were excluded. Differences between 
two groups were compared with t test. The independent 
risk factor analysis was conducted with univariate and 
multivariate Cox regression analysis (backward LR), and 
patients without any one characteristic were excluded. 
The correlation between two variables was determined 
with spearman's correlation analysis. Statistically signifi-
cant difference was set as p < 0.05. All statistical analyses 
were performed utilizing R (version 3.6.3) (Figure S1).
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3   |   RESULTS

3.1  |  837 DEGs were identified based 
on the different stromal and immune 
infiltration

After analyzing the gene expression profile from TCGA 
database with ESTIMATE algorithm, StromalScore, 
ImmuneScore and ESTIMATEScore of each sample 
were obtained. For each score, we picked the best cut-
off (−922.6 for StromalScore, 34.0 for ImmuneScore 
and − 930.5 for ESTIMATEScore) to divided samples 
into high- and low-score groups for survival analysis. 
And the results indicated that the prognoses of high-
StromalScore group, high-ImmuneScore group and high-
ESTIMATEScore group were respectively better than that 
of the low-StromalScore group, low-ImmuneScore group 
and low-ESTIMATEScore group (Figure  1A, p  =  0.005, 
HR  =  0.61, 95%CI 0.41–0.90; Figure  1B, p  =  0.032, 
HR  =  0.67, 95%CI 0.44–1.01; Figure  1C, p  =  0.009, 
HR = 0.61, 95%CI = 0.40–0.94).

Since the prognosis was significantly different between 
high- and low-score groups, we screened out the DEGs 
between groups. There were 1208 genes upregulated and 
81 genes downregulated in high-StromalScore group 
(Figure 1D,F,G), and 1125 genes upregulated and 89 genes 
downregulated in high-ImmuneScore group (Figure  1 E–G).  
DEGs referred to genes commonly upregulated and 
downregulated in both two groups, and totaled 837 genes 
(Figure 1F,G).

3.2  |  ITGB6, NCF2 and PLAUR were 
identified as TME and prognosis-related 
genes for HCC patients

In order to explore the functions of DEGs, and figure out 
whether they were related to immune, we performed 
functional enrichment analysis. GO analysis showed the 
DEGs-associated biological processes, and KEGG analysis 
demonstrated the pathways in which these DEGs partici-
pated. Most DEGs function in cell adhesion, T cell acti-
vation, mononuclear cell differentiation, etc. (Figure 2A), 
and they engage in many immune-related pathways, such 
as cytokine-cytokine receptor interaction, chemokine 
signaling pathway, PI3k-Akt pathway and hematopoietic 
cell lineage (Figure 2B). Figure 2C,D respectively shows 
the top 5 biological functions and pathways in which most 
DEGs were enriched.

To investigate the interactive relationship among 
DEGs, we built the PPI network (Figure 2E), and found 
21 prognosis-related genes by employing univariate Cox 
regression (Figure  2F). Then we exerted an intersection 

analysis between the top 100 PPI hub genes and the 21 
prognostic genes, and found three intersection genes, 
ITGB6, NCF2 and PLAUR (Figure 2G), which meant they 
could have an active effect on the TME of HCC and the 
prognosis of HCC patients.

In addition, we constructed a prognostic model with 
the prognosis and immune related genes mentioned 
above. The genes included in this model and the asso-
ciated parameters like coefficient, HR, HR95%CI were 
shown in Figure S2A. All samples were divided into high 
risk and low risk group by the median value of riskScore 
(Figure S2B). As expected, high risk group showed poor 
prognosis compared with low risk group (Figure  S2C). 
And the expression discrepancy of these genes between 
high and low risk group were consistent with the coeffi-
cient (Figure S2D). In order to appraise the efficacy of this 
model, we performed survival analysis, ROC curve anal-
ysis and Cox regression analysis. It turned out that high 
risk group had worse prognosis (Figure 3A). Furthermore, 
this model did well in predicting 1-year (Figure  3B, 
AUC = 0.744), 3-year (Figure 3C, AUC = 0.714) and 5-year 
(Figure  3D, AUC  =  0.692) survival. The Cox regression 
analysis showed that the riskScore was an independent 
prognostic factor (Figure 3E). When we applied this model 
to LIRI-JP dataset, we found it excellent (Figure 3F,G).

3.3  |  NCF2 acts as an independent 
prognostic factor in HCC patients

Gene expression difference analysis manifested that 
NCF2 was differentially expressed in normal and tumor 
tissue, rather than ITGB6 and PLAUR (Figure  4A–F). 
Next, we dissected the prognostic value of these three 
genes mentioned above. We divided the TCGA cohort 
into 2 groups with the median expression value of these 
genes as a threshold, and performed survival analysis. It 
turned out that higher expression level of NCF2, ITGB6 
and PLAUR predicted a poor prognosis (Figure  4G, 
p  =  0.013, HR  =  1.55, 95%CI 1.10–2.19; Figure  4H, 
p = 0.004, HR = 1.65, 95%CI 1.17–2.33; Figure 4I, p = 0.02, 
HR = 1.50, 95%CI = 1.07–2.12).

Then we further explore the prognostic value of these 
three genes. Univariate and Multivariate Cox regression 
analysis showed that NCF2 expression level could be an in-
dependent risk factor for HCC patients (Figure 4J, p < 0.001, 
HR = 1.087, 95%CI = 1.050–1.126). Whereas the expres-
sion level of ITGB6 and PLAUR were not independent 
risk factors, for their prognostic value was not significant 
when combined with clinicopathological characteristics 
like age, gender, grade, stage, T, N and M classification 
(Figure 4J, p = 0.572, HR = 0.915, 95%CI = 0.671–1.246; 
p = 0.48, HR = 1.008, 95%CI = 0.986–1.031).
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3.4  |  IHC analysis confirmed the 
prognostic role of NCF2 in HCC patients

To further prove the prognostic role of NCF2 in HCC pa-
tients, we detected its expression at protein level with IHC. 

According to the result of semiquantitative assessment of 
the stained sections, the CHCAMS cohort was divided into 
2 groups. 13 samples were marked “−”, and were defined 
into NCF2-negative group, while 19 samples, marked “+” or 
“++”, were defined into NCF2-positive group (Figure 5A).

F I G U R E  1   (A) Survival analysis of high- and low-stromal-score groups based on the cut-off −922.6 (n = 371). (B) Survival analysis of 
high- and low-immune-score groups based on the cut-off 23.82 (n = 371). (C) Survival analysis of high- and low-estimate-score groups based 
on the cut-off −930.5 (n = 371). (D) A heatmap displaying the DEGs between high- and low-stromal-score groups. (E) A heatmap displaying 
the DEGs between high- and low-immune-score groups. (F) A venn diagram showing genes that were upregulated in high-stromal and high-
immune score groups. (G) A venn diagram showing genes that were downregulated in high-stromal and high-immune score groups.
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With the follow-up data, we performed survival anal-
ysis, which validated that NCF2 was a prognostic factor 
for both RFS and OS of HCC patients. It turned out that 
NCF2-negative group had higher RFS rate (Figure  5B, 
p  =  0.038, HR  =  2.31, 95%CI  =  1.05–5.06) and OS rate 

(Figure 5C, p = 0.013, HR = 3.23, 95%CI = 1.40–7.44) than 
NCF2-positive group. Then, we implemented univariate 
Cox regression analysis, combining NCF2 expression level 
with some clinicopathological information we had got, 
such as age, gender, tumor size, differentiation, cirrhosis, 

F I G U R E  2   (A) Bubble plot and (C) circle plot of GO analysis, showing the molecular functions of DEGs. (B) Bubble plot and (D) circle 
plot of KEGG analysis, showing the relevant pathways of DEGs. (E) PPI network showing the interaction of DEGs. (F) Univariate Cox 
regression analysis of DEGs (n = 371). (G) Venn diagram providing three common genes (ITGB6, NCF2, PLAUR) of the results of PPI and 
Cox regression analysis.
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lymphovascular space invasion (LVSI), capsular invasion 
(CapI), and necrosis. The factors with p < 0.1 were enrolled 
in multivariate Cox regression analysis. Interestingly, the 
results showed that NCF2 expression level and LVSI were 
both independent prognostic factors for the OS and RFS 
of HCC patients (Figure 5D, p = 0.015, HR = 3.079, 95%CI 
1.243–7.624; p =  0.002, HR =  3.783, 95%CI 1.641–8.721; 
Figure  5E, p  =  0.01, HR  =  4.662, 95%CI 1.453–14.953; 
p < 0.001, HR = 7.859, 95%CI 2.759–22.381). And these re-
sults were consistent with what we had discovered from 
the TCGA cohort.

Next, we compared the predictive efficacy of NCF2, 
LVSI and the combination of them on RFS and OS. The 
receiver operating characteristic (ROC) curve showed 

that the combination had higher predictive efficacy for 
1-year RFS rate (Figure  5F, AUC of NCF2 + LVSI vs. 
NCF2 vs. LVSI  =  0.795 vs 0.656 vs. 0.688) and 5-yeas 
OS rate (Figure  5G, AUC of NCF2 + LVSI vs. NCF2 vs. 
LVSI = 0.867 vs. 0.631 vs 0.775).

3.5  |  NCF2 could influence the  
infiltration of macrophages in the 
TME of HCC

Considering that NCF2 was one of the DEGs between 
high- and low-score group, we thus speculated that NCF2 
might have effect on immune infiltration of HCC. We 

F I G U R E  3   (A) Survival analysis based on the riskScore (n = 371). (B–D) 1-year, 3-year, 5-year ROC of the prognostic model. (E) 
Univariate and multivariate Cox Regression analysis of riskScore and other characteristics (n = 235). (F) The survival analysis of LIRI-JP 
dataset in ICGC database based on the prognostic model. (G) The ROC of LIRI-JP dataset in ICGC database based on the prognostic model.
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firstly demonstrated the infiltration of some categories of 
immune cells in the TME of the TCGA cohort by ssGSEA 
analysis (Figure 6A). The correlation analysis showed the 
relevance between the expression level of NCF2 and im-
mune cells infiltration (Figure 6B). Then, to confirm the 
previous results, we used CIBERSORT algorithm to reas-
sess the infiltration of immune cells of the TCGA cohort, 
and the assessment of 40 samples was reliable (p < 0.05, 
Figure  6C). The correlation analysis revealed that the 

increase in infiltration of M0 and M2 macrophages par-
alleled the rise in NCF2 expression level (Figure  6D,E), 
and the decrease in infiltration of activated NK cells and 
CD8+ T cells paralleled the rise in NCF2 expression level 
(Figure  6F,G). For further validation, we evaluated the 
immune cells infiltration of 232 HCC samples from ICGC 
database with CIBERSORT algorithm (Figure S3A), and 
explored the correlation between NCF2 expression level 
and immune cells infiltration, it showed that M0 and M2 

F I G U R E  4   (A) Differential expression of NCF2 between unpaired tumor and normal tissue. (B) Differential expression of NCF2 
between paired tumor and normal tissue. (C) Differential expression of ITGB6 between unpaired tumor and normal tissue. (D) Differential 
expression of ITGB6 between paired tumor and normal tissue. (E) Differential expression of PLAUR between unpaired tumor and 
normal tissue. (F) Differential expression of PLAUR between paired tumor and normal tissue. (G) Result of survival analysis based on 
NCF2 expression level of the TCGA cohort (n = 371). (H) Result of survival analysis based on ITGB6 expression level of the TCGA cohort 
(n = 371). (I) Result of survival analysis based on PLAUR expression level of the TCGA cohort (n = 371). (J) Result of univariate and 
multivariate Cox regression analysis of the TCGA cohort (n = 235).
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macrophages were positively correlated with NCF2 ex-
pression (Figure S3B,C), and M1 macrophages was nega-
tively correlated with NCF2 expression (Figure S3D).

Noteworthily, both two algorithms presented a signifi-
cant correlation between the infiltration of macrophages 
and NCF2 expression level. Therefore, we conducted GSEA 
to explore the underlying mechanisms. The result showed 
that many immune-related pathways (Figure  S3E), in-
cluding chemokine signaling pathway (Figure 6H), were 
enriched with higher expression level of NCF2. Colony 
Stimulating Factor (CSF) 1, interleukin (IL) 4 and IL10 
are chemokines that promote the transformation of M0 
macrophages into M2 macrophages, and CD206, CD163, 
CSF1R and Transforming Growth Factor (TGF) β1 are 
markers of M2 macrophages, for which we analyzed the 
correlation between their and NCF2 expression. As ex-
pected, the expression level of CFS1, IL4, IL10, CD206, 
CD163, CSF1R and TGFβ1 were strongly and positively 

correlated with NCF2 expression level (Figure 6I), and the 
tendencies of their expression were similar to that of NCF2 
(Figure  S3F). Finally, we divided the TCGA cohort into 
two groups according to the M2 macrophages abundance 
in CIBERSORT results and NCF2 expression level for sur-
vival analysis. Both NCF2lowM2low and MCF2highM2high 
groups contained 12 samples respectively. The survival 
analysis showed that NCF2lowM2low group potentially 
had higher OS rate than NCF2highM2high group (Figure 6J, 
p = 0.054, HR = 2.97, 95%CI 0.87–10.10).

4   |   DISCUSSION

NCF2 is a cytoplasmic component of NADPH oxidase,19 
and it engages in the production of reactive oxygen spe-
cies (ROS). NCF2 has been proved to play an important 
role in the microbial phagocytosis, and its mutation can 

F I G U R E  5   (A) Stained sections of Immunohistochemistry. (B) Relapse free survival analysis of the CHCAMS cohort based on IHC 
of NCF2. (C) Overall survival analysis of the CHCAMS cohort based on IHC of NCF2. (D) Result of Cox regression analysis of relapse free 
survival of the CHCAMS cohort. (E) Result of Cox regression analysis of overall survival of the CHCAMS cohort. (F) A ROC curve showing 
the predictive efficacy of NCF2, LVSI and their combination on 1-year RFS rate. (G) A ROC curve showing the predictive efficacy of NCF2, 
LVSI and their combination on 5-year OS rate.
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F I G U R E  6   (A) A heatmap showing the immune cells infiltration assessed by ssGSEA algorithm. (B) The correlation between NCF2 
expression level and each types of immune cells infiltrating in HCC tissue based on ssGSEA result. (C) A bar plot showing the immune 
cells infiltration assessed by CIBERSORT algorithm. (D) Positive correlation between M0 macrophages and NCF2 expression based on 
CIBERSORT result. (E) Positive correlation between M2 macrophages and NCF2 expression based on CIBERSORT result. (F) Negative 
correlation between activated NK cells and NCF2 expression based on CIBERSORT result. (G) Negative correlation between CD8+ T cells 
and NCF2 expression based on CIBERSORT result. (H) GSEA of chemokine signaling pathway induced by higher NCF2 expression level. 
(I) Correlation among NCF2, CSF1, IL4, IL10, CD206, CD163, CSF1R and TGFβ1 expression level. (J) Survival analysis of different NCF2 
expression and M2 macrophages infiltration groups.
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cause chronic granulomatous disease.20,21 Hence, NCF2 
may function as an immune molecule to regulate anti-
tumor immunity and influence the prognosis of cancer 
patients. The role of NCF2 in the prognosis of cancer pa-
tients has previously been investigated by researchers. In 
lung cancer, the single nucleotide polymorphism of NCF2 
was related to the prognosis.22 In gastrointestinal cancer, 
high expression level of NCF2 was associated with the 
poor prognosis of esophageal squamous cell carcinoma,23 
and Zhang et al. revealed that upregulation of NCF2 pro-
moted the angiogenesis and metastasis of gastric cancer 
through NF-κB pathway.24 Besides, NCF2 was selected to 
construct a Macrophage-Related Gene Prognostic Index 
for glioblastoma,25 and methylation of CpG sites of NCF2 
was associated with the risk of breast cancer.26

However, the effect of NCF2 on the prognosis of HCC 
has not been explored before. In present study, we ex-
plored the role of NCF2 in the prognosis of HCC patients. 
From the results obtained so far, it seemed that NCF2 was 
an independent risk factor for HCC patients, and it could 
influence RFS and OS. Thereby our study presented some 
cues for forward studies.

ROS, including H2O2, superoxide anion and hydroxyl 
radical, can induce the oxidation of cellular components, 
like lipid, proteins and DNA. The consistent generation of 
ROS can trigger somatic mutation and cancerous transfor-
mation. Besides, ROS is an upstream molecule in NF-κB 
signaling pathway, through which it can promote the pro-
liferation of cancer cells. Interestingly, NCF2 was identi-
fied as a target gene of p53, with response elements of p53 
in the promotor region.27 Overexpression of p53 induced 
the expression of NCF2, and p53 could inhibit apoptosis 
via p53 - NCF2 - ROS axis in HCT116 and HaCat cells.27 
Recently, Kim J. et al confirmed the mutation of p53 was 
rarely observed in HCC, and wild-type p53 could promote 
the proliferation of HCC cells by regulating metabolism 
with the participation of PUMA.28 All these imply wild-
type p53 might contribute to the progression of HCC by 
altering the metabolism of cancer cells via upregulating 
NCF2 expression.

Apart from the mechanisms mentioned above, NCF2 
could also impact the outcome of HCC patients by regu-
lating anti-tumor immunity. In our study, the infiltration 
of M2 macrophages in the TME of HCC was positively 
associated with expression level of NCF2. Furthermore, 
NCF2 had strong and positive relationship with CSF1, 
IL4, IL10, CD206, CD163, CSF1R and TGFβ1, which in-
dicates that NCF2 probably impact the RFS rate and OS 
rate by participating in the polarization of macrophages in 
the TME of HCC. Zhang et al.29 found that NOX4-induced 
ROS could stimulate the production of various cyto-
kines, including CSF1, CCL7 and IL8, via PI3K/Akt sig-
naling pathway in non-small cell lung cancer. And these 

cytokines can help with the polarization of stromal mac-
rophages into M2 macrophages. Similar to NOX4, NCF2 is 
also involved in the generation of ROS when joins to form 
a NADPH-oxidase complex. So, the mechanism men-
tioned above probably exist in HCC as well. Some studies 
showed that ROS promoted the polarization of TAMs to 
M2 macrophage through ROS/ERK and mTOR signaling 
pathway.30,31 Interestingly, these pathways can regulate 
gene expression and protein synthesis, in which way var-
ious chemokines and cytokines may be produced for the 
chemotaxis and polarization of TAMs. NF-κB signaling 
pathway is another probable mechanism in the regulation 
of macrophage polarization, for its activation can promote 
the production of some inflammatory cytokines. All these 
results may serve as references for further exploration on 
the function of NCF2.

Macrophages are rich in liver, and mainly divided into 
two types - Kupffer cells and monocyte-derived macro-
phages. TAMs play an important role in tumor-associated 
inflammation, and can be polarized to distinct pheno-
type, including M1 and M2 macrophages. It is generally 
accepted that M1 macrophages exhibit anti-tumor func-
tions, while M2 macrophages are engaged in pro-tumor 
process.32 IFN-γ and LPS have been proved to induce 
the polarization of TAMs to M1 macrophages, while IL4, 
CFS1 and IL10 can mediate the polarization of TAMs to 
M2 macrophages.33,34 It has been reported that M2 mac-
rophages could inhibited CD8+ T cells and NK cells, 
thus accelerating the malignant progression and bring-
ing worse prognosis.35,36 Additionally, cytokine produced 
by M2 macrophages could also directly act on HCC cells 
to transform them into cancer stem cells through IL16/
STAT3 signaling pathway, and promote their migration by 
CCL22-CCR4 interaction.37,38 In the last part of our study, 
we found that NCF2highM2high group potentially showed 
lower OS rate, which illustrated the relationship between 
NCF2 expression and M2 macrophages infiltration from 
another prospective, and implied the role of NCF2 in the 
regulation of anti-tumor immunity. We believe that con-
ducting further experimental studies will bring intriguing 
results and provides broad mind for immunotherapy.

There were previously some studies that explored the 
relationship between TME and HCC with online data-
base. LOXL2 was proved to be associated with the progno-
sis of HCC via regulating immune cell infiltration,39 and 
even cuproptosis-related lncRNAs were corelated with 
immune response in HCC.40 In actuality, the TME was 
affected by diverse factors that are synergetic or antergic. 
To exploit new factors influencing the TME will help to 
reveal anti-tumor immunity and to explore novel therapy.

In the present study, another two genes, ITGB6 and 
PLAUR, were also screened out as immune-related genes. 
However, few studies have revealed their roles in HCC. 
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In another study,41 ITGB6 was identified as an immune-
related gene by mining TCGA dataset. PLAUR, also 
known as UPAR, plays an important role in the invasion 
and metastasis role in HCC,42 and could influence the im-
mune infiltration of HCC.43 Therefore, notwithstanding 
the result that ITGB6 and PLAUR were not independent 
prognostic factors in HCC, their effect in the progression 
of HCC is worth exploring.

This study still has some limitations. Firstly, our data 
were from TCGA database, and our clinical samples were 
collected from only one hospital, for which the biases of 
results are unavoidable. Secondly, we just implemented 
IHC to testify the prognostic role of NCF2 in HCC, while 
no experimental research was conducted to determine the 
mechanism by which NCF2 influences anti-tumor immu-
nity and the survival of HCC patients. Thirdly, although 
ssGSEA and CIBERSORT algorithms have been tested 
on reliability and are universally used, the real immune 
infiltration condition in HCC should be further affirmed. 
Overall, more studies are warranted to further explore the 
underlying mechanisms.

5   |   CONCLUSION

In summary, our research identified NCF2 as an inde-
pendent prognostic factor for HCC patients, with its high 
expression predicting a poor prognosis. Besides, NCF2 
could have effect on the infiltration of macrophages 
in the TME of HCC through some chemokines such as 
CSF1 and IL10. The present results may provide us with 
more precise methods for the prognosis of HCC patients 
and offer broad mind on the research of tumor immune 
microenvironment.

AUTHOR CONTRIBUTIONS
Ning Huang: Formal analysis (equal); investigation 
(equal); visualization (lead); writing – original draft (lead). 
Jing Zhang: Data curation (lead); formal analysis (equal); 
validation (equal). Shuwen Kuang: Data curation 
(equal); formal analysis (equal). Zhuo Li: Investigation 
(equal); validation (equal). Hong Zhao: Writing – review 
and editing (equal). Jianxiong Wu: Writing – review 
and editing (equal). Mei Liu: Conceptualization (lead); 
funding acquisition (equal); resources (equal); supervi-
sion (equal). Liming Wang: Conceptualization (equal); 
funding acquisition (equal); resources (equal); supervi-
sion (lead).

FUNDING INFORMATION
This work was supported by the CSCO-Bayer Research 
Foundation of Cancer (Y-bayer202001-0087), the National 
Natural Science Foundation (81641113, 81972767), and the 

Chinese Academy of Medical Sciences (CAMS) Innovation 
Fund for Medical Sciences (CIFMS) (2021-I2M-1-018, 
2021-I2M-1-066), PR China. The funders had no role in 
study design, data collection and analysis, interpretation 
of data, or preparation of the manuscript.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interests.

DATA AVAILABILITY STATEMENT
Due to the nature of this research, the clinical data that 
support the findings of this study are available from the 
corresponding authors, Liming Wang, upon reasonable 
request. The data from TCGA can be found on https://
cance​rgeno​me.nih.gov/, and that from ICGC can be found 
on https://dcc.icgc.org/.

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE
The study protocol was approved by the Independent 
Ethics Committee of Cancer Hospital Chinese Academy of 
Medical Sciences. All patients provided written informed 
consent in accordance with the Declaration of Helsinki.

ORCID
Ning Huang   https://orcid.org/0000-0002-8874-2601 
Mei Liu   https://orcid.org/0000-0002-7364-6318 

REFERENCES
	 1.	 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 

2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209-249.

	 2.	 Llovet JM, Bustamante J, Castells A, et al. Natural history of 
untreated nonsurgical hepatocellular carcinoma: rationale for 
the design and evaluation of therapeutic trials. Hepatology. 
1999;29(1):62-67.

	 3.	 Kumada T, Nakano S, Takeda I, et al. Patterns of recurrence 
after initial treatment in patients with small hepatocellular car-
cinoma. Hepatology. 1997;25(1):87-92.

	 4.	 Imamura H, Matsuyama Y, Tanaka E, et al. Risk factors con-
tributing to early and late phase intrahepatic recurrence 
of hepatocellular carcinoma after hepatectomy. J Hepatol. 
2003;38(2):200-207.

	 5.	 Ng IO, Guan XY, Poon RTP, Fan ST, Lee JMF. Determination of 
the molecular relationship between multiple tumour nodules 
in hepatocellular carcinoma differentiates multicentric origin 
from intrahepatic metastasis. J Pathol. 2003;199(3):345-353.

	 6.	 Roayaie S, Blume IN, Thung SN, et al. A system of classify-
ing microvascular invasion to predict outcome after resection 
in patients with hepatocellular carcinoma. Gastroenterology. 
2009;137(3):850-855.

	 7.	 Tian Z, Chen Y, Gao B. Natural killer cells in liver disease. 
Hepatology. 2013;57(4):1654-1662.

	 8.	 Cariani E, Pilli M, Zerbini A, et al. HLA and killer 
immunoglobulin-like receptor genes as outcome predictors of 

https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
https://dcc.icgc.org/
https://orcid.org/0000-0002-8874-2601
https://orcid.org/0000-0002-8874-2601
https://orcid.org/0000-0002-7364-6318
https://orcid.org/0000-0002-7364-6318


      |  9003HUANG et al.

hepatitis C virus-related hepatocellular carcinoma. Clin Cancer 
Res. 2013;19(19):5465-5473.

	 9.	 Chew V, Chen J, Lee D, et al. Chemokine-driven lymphocyte 
infiltration: an early intratumoural event determining long-
term survival in resectable hepatocellular carcinoma. Gut. 
2012;61(3):427-438.

	10.	 Liu J, Kuang S, Zheng Y, Liu M, Wang L. Prognostic and predic-
tive significance of the tumor microenvironment in hepatocel-
lular carcinoma. Cancer Biomark. 2021;32(1):99-110.

	11.	 Dong P, Ma L, Liu L, et al. CD86+/CD206+, diametrically po-
larized tumor-associated macrophages, predict hepatocellular 
carcinoma patient prognosis. Int J Mol Sci. 2016;17(3):320.

	12.	 Sia D, Jiao Y, Martinez-Quetglas I, et al. Identification of an 
immune-specific class of hepatocellular carcinoma, based on 
molecular features. Gastroenterology. 2017;153(3):812-826.

	13.	 Yoshihara K, Shahmoradgoli M, Martínez E, et al. Inferring 
tumour purity and stromal and immune cell admixture from 
expression data. Nat Commun. 2013;4:2612.

	14.	 Barbie DA, Tamayo P, Boehm JS, et al. Systematic RNA inter-
ference reveals that oncogenic KRAS-driven cancers require 
TBK1. Nature. 2009;462(7269):108-112.

	15.	 Newman AM, Liu CL, Green MR, et al. Robust enumeration 
of cell subsets from tissue expression profiles. Nat Methods. 
2015;12(5):453-457.

	16.	 Hänzelmann S, Castelo R, Guinney J. GSVA: gene set variation 
analysis for microarray and RNA-seq data. BMC Bioinform. 
2013;14:7.

	17.	 Charoentong P, Finotello F, Angelova M, et al. Pan-cancer 
Immunogenomic analyses reveal genotype-Immunophenotype 
relationships and predictors of response to checkpoint block-
ade. Cell Rep. 2017;18(1):248-262.

	18.	 Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new 
bio-informatics tool for biomarker assessment and 
outcome-based cut-point optimization. Clin Cancer Res. 
2004;10(21):7252-7259.

	19.	 Wientjes FB, Hsuan JJ, Totty NF, Segal AW. p40phox, a third 
cytosolic component of the activation complex of the NADPH 
oxidase to contain src homology 3 domains. Biochem J. 
1993;296(Pt 3):557-561.

	20.	 Leusen JH, Verhoeven AJ, Roos D. Interactions between the 
components of the human NADPH oxidase: intrigues in the 
phox family. J Lab Clin Med. 1996;128(5):461-476.

	21.	 Roos D. The genetic basis of chronic granulomatous disease. 
Immunol Rev. 1994;138:121-157.

	22.	 Yang S, Tang D, Zhao YC, et al. Potentially functional variants 
of ERAP1, PSMF1 and NCF2 in the MHC-I-related pathway 
predict non-small cell lung cancer survival. Cancer Immunol 
Immunother. 2021;70(10):2819-2833.

	23.	 Qin K, Zheng Z, He Y, et al. High expression of neutrophil cyto-
solic factor 2 (NCF2) is associated with aggressive features and 
poor prognosis of esophageal squamous cell carcinoma. Int J 
Clin Exp Pathol. 2020;13(12):3033-3043.

	24.	 Zhang JX, Chen ZH, Chen DL, et al. LINC01410-miR-532-
NCF2-NF-kB feedback loop promotes gastric cancer angiogen-
esis and metastasis. Oncogene. 2018;37(20):2660-2675.

	25.	 Ji H, Liu Z, Wang F, et al. Novel macrophage-related gene 
prognostic index for glioblastoma associated with M2 
macrophages and T cell dysfunction. Front Immunol. 
2022;13:941556.

	26.	 Tian T, Fu JM, Li DP, et al. Methylation of immune-related 
genes in peripheral blood leukocytes and breast cancer. Front 
Oncol. 2022;12:817565.

	27.	 Italiano D, Lena AM, Melino G, Candi E. Identification 
of NCF2/p67phox as a novel p53 target gene. Cell Cycle. 
2012;11(24):4589-4596.

	28.	 Kim J, Yu L, Chen W, et al. Wild-type p53 promotes cancer met-
abolic switch by inducing PUMA-dependent suppression of ox-
idative phosphorylation. Cancer Cell. 2019;35(2):191-203.

	29.	 Zhang J, Li H, Wu Q, et al. Tumoral NOX4 recruits M2 tumor-
associated macrophages via ROS/PI3K signaling-dependent 
various cytokine production to promote NSCLC growth. Redox 
Biol. 2019;22:101116.

	30.	 Shan M, Qin J, Jin F, et al. Autophagy suppresses isoprenaline-
induced M2 macrophage polarization via the ROS/
ERK and mTOR signaling pathway. Free Radic Biol Med. 
2017;110:432-443.

	31.	 Zhang Y, Choksi S, Chen K, Pobezinskaya Y, Linnoila I, Liu ZG. 
ROS play a critical role in the differentiation of alternatively 
activated macrophages and the occurrence of tumor-associated 
macrophages. Cell Res. 2013;23(7):898-914.

	32.	 Mantovani A, Sica A. Macrophages, innate immunity and 
cancer: balance, tolerance, and diversity. Curr Opin Immunol. 
2010;22(2):231-237.

	33.	 Martinez FO, Sica A, Mantovani A, et al. Macrophage activa-
tion and polarization. Front Biosci. 2008;13:453-461.

	34.	 Murray PJ. Macrophage polarization. Annu Rev Physiol. 
2017;79:541-566.

	35.	 Eggert T, Wolter K, Ji J, et al. Distinct functions of senescence-
associated immune responses in liver tumor surveillance and 
tumor progression. Cancer Cell. 2016;30(4):533-547.

	36.	 Li X, Yao W, Yuan Y, et al. Targeting of tumour-infiltrating mac-
rophages via CCL2/CCR2 signalling as a therapeutic strategy 
against hepatocellular carcinoma. Gut. 2017;66(1):157-167.

	37.	 Wan S, Zhao E, Kryczek I, et al. Tumor-associated macro-
phages produce interleukin 6 and signal via STAT3 to promote 
expansion of human hepatocellular carcinoma stem cells. 
Gastroenterology. 2014;147(6):1393-1404.

	38.	 Yeung OW, Lo CM, Ling CC, et al. Alternatively activated (M2) 
macrophages promote tumour growth and invasiveness in he-
patocellular carcinoma. J Hepatol. 2015;62(3):607-616.

	39.	 Zhao N, Chen C, Guo Y, et al. LOXL2 serves as a prognos-
tic biomarker for hepatocellular carcinoma by mediating 
immune infiltration and vasculogenic mimicry. Dig Liver 
Dis. Published online September 30, 2022. doi:10.1016/j.
dld.2022.09.003

	40.	 Zhang Q, Huang Y, Xia Y, Liu Y, Gan J. Cuproptosis-related ln-
cRNAs predict the prognosis and immune response in hepato-
cellular carcinoma. Clin Exp Med. Published online September 
24, 2022. doi:10.1007/s10238-022-00892-3

	41.	 Deng Z, Wang J, Xu B, et al. Mining TCGA database for tumor 
microenvironment-related genes of prognostic value in hepato-
cellular carcinoma. Biomed Res Int. 2019;2019:2408348.

	42.	 Dubuisson L, Monvoisin A, Nielsen BS, le Bail B, Bioulac-Sage 
P, Rosenbaum J. Expression and cellular localization of the 
urokinase-type plasminogen activator and its receptor in human 
hepatocellular carcinoma. J Pathol. 2000;190(2):190-195.

	43.	 Edwards S, Lalor PF, Tuncer C, Adams DH. Vitronectin in 
human hepatic tumours contributes to the recruitment of 

https://doi.org//10.1016/j.dld.2022.09.003
https://doi.org//10.1016/j.dld.2022.09.003
https://doi.org//10.1007/s10238-022-00892-3


9004  |      HUANG et al.

lymphocytes in an alpha v beta3-independent manner. Br J 
Cancer. 2006;95(11):1545-1554.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Huang N, Zhang J, 
Kuang S, et al. Role of NCF2 as a potential 
prognostic factor and immune infiltration indicator 
in hepatocellular carcinoma. Cancer Med. 
2023;12:8991-9004. doi:10.1002/cam4.5597

https://doi.org/10.1002/cam4.5597

	Role of NCF2 as a potential prognostic factor and immune infiltration indicator in hepatocellular carcinoma
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Assessment of the TME of HCC and DEGs Identification
	2.2|Functional analysis of DEGs
	2.3|Prognostic model
	2.4|Clinical specimens and follow-­up
	2.5|Immunohistochemistry
	2.6|Statistical analysis

	3|RESULTS
	3.1|837 DEGs were identified based on the different stromal and immune infiltration
	3.2|ITGB6, NCF2 and PLAUR were identified as TME and prognosis-­related genes for HCC patients
	3.3|NCF2 acts as an independent prognostic factor in HCC patients
	3.4|IHC analysis confirmed the prognostic role of NCF2 in HCC patients
	3.5|NCF2 could influence the infiltration of macrophages in the TME of HCC

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	REFERENCES


