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Abstract: NAA40 belongs to the N-terminal acetyltransferase (NATs) family, responsible for protein N-terminal modifi-
cation, and it exerts crucial roles across various cancers. However, its impact on patient prognosis and immune infil-
tration in hepatocellular carcinoma (HCC) remains elusive. To address this, our study delved into the comprehensive 
analysis of NAA40 in the context of cancer. Our pan-cancer analysis unveiled elevated NAA40 expression in multiple 
tumor types, including BLCA, BRCA, CHOL, COAD, ESCA, HNSC, LIHC, LUAD, LUSC, STAD, and THCA. Additionally, 
through a comprehensive examination across various cancer types within TCGA, we discovered that high NAA40 
gene expression correlated with poor prognosis in HCC, pointing toward its role in promoting oncogenesis. Further 
investigation illuminated the association of increased NAA40 expression with T stage, pathologic stage, tumor sta-
tus, and histologic grade. Interestingly, we noted a significant inverse correlation between NAA40 expression and 
the infiltration levels of immune cells, such as DC cells, neutrophils, NK cells, and T cells, in liver cancer. This obser-
vation underpins the hypothesis that NAA40 influences HCC development by modulating immune cell infiltration. 
Functional enrichment analysis provided valuable insights into the pathways influenced by NAA40. Enriched path-
ways encompassed oxidative phosphorylation, xenobiotic metabolism, bile acid metabolism, fatty acid metabolism, 
G2M checkpoint, and E2F targets. These findings collectively position NAA40 as a potential biomarker for prognostic 
prediction and monitoring the effects of immunotherapy in HCC.
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Introduction

In the realm of global cancer statistics, Hepa- 
tocellular carcinoma (HCC) stands out as a 
prominent malignant tumor, exhibiting a dis-
tressing surge in mortality rates in recent 
decades, with a survival rate of merely 21% [1]. 
Despite advancements in the diagnosis and 
surveillance of HCC, driven by novel biomar- 
kers and tailored screening recommendations 
based on the underlying causes of HCC2, the 
challenge persists [2]. Late-stage diagnosis 
and chemotherapy resistance render HCC vul-
nerable to recurrence and metastasis, result-
ing in unsatisfactory clinical outcomes [3]. 
Consequently, the imperative to identify novel 
molecular targets and enhance current treat-
ment strategies is paramount.

NAA40, also known as NatD or Nat4, assumes 
a significant role within the family of N-terminal 

acetyltransferases (NATs). This enzyme catalyz-
es the addition of acetyl groups to the primary 
α-amino group of proteins’ N-terminal residues 
[4]. The modification of protein N-terminal acet-
ylation exerts broad influence across biological 
functions, encompassing protein-protein inter-
actions, protein complex formation, apoptosis, 
rDNA transcriptional regulation, as well as pro-
tein subcellular localization and degradation 
[5]. Intriguingly, NatD’s impact extends to his-
tone H4 N-terminal acetylation at the slug pro-
moter, eliciting epithelial-to-mesenchymal tran-
sition (EMT) in lung cancer cells [6]. This under-
scores NatD’s role as a pivotal epigenetic regu-
lator of cellular invasion. Elevated levels of 
NA440 mRNA are observed across various 
tumor types, notably more pronounced in HCC 
patients. This elevated expression correlates 
with patient survival and suggests a potential 
mechanism for promoting hepatocellular carci-
noma progression through the inactivation of 
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the oncogene p53 [7-9]. Despite these insights 
into NA440’s significance within tumors, the 
clinical implications of NA440 expression in 
pan-cancer settings, its relation to prognosis, 
its role in HCC, and the associated pathogenic 
mechanisms remain unclear.

This study embarks on a multifaceted investi-
gation. It seeks to unravel the intricate relation-
ship between NAA40 expression and the clini-
cal prognosis of HCC. Moreover, it delves into 
the role of immune cell infiltration within the 
context of HCC through a bioinformatics lens. 
The overarching goal is to unearth the molecu-
lar mechanisms that underlie these phenome-
na. This endeavor, in turn, holds promise not 
only as a novel indicator but also as a potential 
therapeutic target.

Materials and methods

Data collection and processing

RNA-seq expression data and clinical records 
were downloaded from the Cancer Genome 
Atlas (TCGA) database and the Genotype Tissue 
Expression Project (GTEx). The utilization of 
these database was pivotal in examining the 
expression of NA440 in hepatocellular carcino-
ma (HCC) in this study.

Analysis of differences between high and low 
NA440 expression groups

HCC patients within the TCGA dataset were  
categorized into high and low NAA40 expres-
sion groups by the mean expression score. 
Differential expression analysis of genes (DEGs) 
between these groups was performed using 
the R package DESeq2. The criteria for defining 
DEGs included a significance threshold of 
adjusted p-value <0.05 and |log2-fold-change 
(FC)| >1.

Functional enrichment analysis

Enrichment analysis, including Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG), were conducted for the iden-
tified DEGs. Additionally, Gene set enrichment 
analysis (GSEA) was employed to assess statis-
tically concordant differences between groups 
and explore the functions of NAA40 based on 
all genes. A significance threshold of adjusted 
P<0.05 was applied in these analyses.

Immune infiltration analysis

Utilizing ssGSEA facilitated by the R package-
GSVA [1.46.0] [10], our study employed the 
immune cell markers from the Immunity article 
[11] to calculate the corresponding immune 
infiltration for 24 immune cell types. The differ-
ences in the level of immune infiltration were 
compared using the Wilcoxon rank-sum test.

Survival analysis

Survival outcomes were assessed using 
Kaplan-Meier curves along with the log-rank 
test. The impact of clinical variables on patient 
outcome were evaluated through univariate 
and multivariate Cox regression analyses, with 
a significance level set at P<0.05. To visually 
represent the results, a forest plot was gener-
ated using the R package ggplot2 in version 
4.2.1.

Statistical methods

Data were analyzed using R (v.4.2.1). Diffe- 
rences between non-paired and paired tissues 
were compared using the Wilcoxon rank-sum 
test or paired sample t-test as appropriate. 
Both of tests are two-sided P<0.05 was the 
threshold of significance.

Results

Higher expression of NAA40 in HCC than in 
paracancerous tissues

The pan-cancer analysis results revealed ele-
vated NAA40 expression in various tumor 
types, including BLCA, BRCA, CHOL, COAD, 
ESCA, HNSC, LIHC, LUAD, LUSC, STAD, and 
THCA (Figure 1A). This observation was sub-
stantiated by data from the TCGA and GTEx 
databases, indicating high expression across 
multiple tumor types, such as ACC, BLCA, 
CHOL, COAD, DLBC, ESCA, GBM, HNSC, LAML, 
LGG, OV, PAAD, PRAD, READ, SKCM, STAD, 
TGCT, THCA, THYM, UCEC, and UCS (Figure 1B).

Moreover, in HCC, NAA40 demonstrated signifi-
cantly higher expression levels compared to 
normal liver tissues (Figure 1C). This pattern 
remained consistent within paired HCC tissues, 
where NAA40 expression was elevated (Figure 
1D). Furthermore, the diagnostic potential of 
NAA40 expression was evaluated through the 
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ROC curve, demonstrating its ability to accu-
rately discriminate between tumor and normal 
tissue, as indicated by an area under the curve 
(AUC) of 0.939 (95% confidence interval [CI] 
=0.910-0.967) (Figure 1E).

NAA40 expression correlated with prognosis

The Cox analysis-based forest plot illustrating 
overall survival (OS) reveals a notable relation-
ship between OS prognosis across various can-
cer types. Specifically, elevated gene expres-
sion is linked to a poorer prognosis in hepato-

cellular carcinoma (HCC) (P=0.0019, HR=1.736, 
95% CI=1.22-2.46) (Figure 2A).

To assess the impact of NAA40 expression, 
patients were categorized into high and low 
expression groups based on the mean expres-
sion level. The correlation between NAA40 
expression and HCC patient prognosis was 
evaluated through Kaplan-Meier survival 
curves. Notably, higher NAA40 expression in 
HCC cases exhibited a significant association 
with unfavorable outcomes. This was evident in 
poorer overall survival (hazard ratio [HR] =2.36, 

Figure 1. Higher expression of NAA40 in HCC than in noncancerous tissues. (A) NAA40 expression levels in 33 types 
of cancer tissues and normal tissues in TCGA databases. (B) NAA40 expression levels in 33 types of cancer tissues 
and normal tissues in TCGA and GTEx databases. Based on TCGA dataset. Expression of NAA40 (C) in HCC and 
non-matched normal tissues, (D) in HCC and matched normal tissues. (E) The ROC curve of diagnosis to distinguish 
tumor from normal tissue.
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95% CI=1.66-3.35, P<0.001), disease-specific 
survival (DSS) (HR=2.55, 95% CI=1.63-4.00, 
P<0.001), and progression-free interval (PFI) 
(HR=1.96, 95% CI=1.45-2.66, P<0.001) (Figure 

2B-D). Collectively, these findings underscore 
the substantial impact of NAA40 overexpres-
sion on prognosis, indicating a significantly 
worse clinical outcome.

Figure 2. NAA40 expression correlated with prognosis. (A) The forest map based on multivariate Cox analysis for 
overall survival. The OS (B), DSS (C), and PFI (D) survival curves comparing patients with high (red) and low (blue) 
NAA40 expression in HCC were plotted at the threshold of P<0.05.
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Relationship between the expression of 
NAA40 and clinicopathologic variables

As depicted in Figure 3, the expression of 
NAA40 showed significant correlations with 
various clinical parameters. Notably, correla-
tion was observed with T stage (T1 vs. T2 & T4 
& T3, P<0.05), pathologic stage (stage I vs. 
stage II & stage III & stage IV, P<0.05), tumor 
status (tumor-free vs. with tumor, P<0.01), and 
histologic grade (G1 vs. G2 vs. G3 & G4, 
P<0.001).

Association between NAA40 expression with 
immune infiltration level

To examine the correlation between NAA40 
expression and immune infiltration levels in 
HCC, we conducted ssGSEA analysis. The 
results revealed a distinct pattern: immune 
cells with high NAA40 expression exhibited a 
lower degree of immune infiltration compared 
to the low expression group. Notable differenc-
es were observed across various cell types, 
including aDC, cytotoxic cells, DC, eosinophils, 

processes, cellular components, and molecular 
functions. In terms of biological processes, sig-
nificant terms included “nuclear division”, 
“xenobiotic metabolic process”, and “meiotic 
nuclear division”. Within molecular functions, 
prominent roles were associated with “iron ion 
binding”, “heme binding”, and “tetrapyrrole 
binding”. The cellular components category 
highlighted “apical plasma membrane”, “colla-
gen-containing extracellular matrix”, and “basal 
plasma membrane”. Furthermore, the KEGG 
pathway analysis revealed notable enrichment 
of DEGs in pathways such as “metabolism of 
xenobiotics by cytochrome p450”, “retinol 
metabolism”, and “drug metabolism - cyto-
chrome p450” (Figure 5B).

Subsequently, GSEA was utilized to compare 
the high and low NAA40 expression groups, 
uncovering significant enrichment of path- 
ways including oxidative phosphorylation, xeno-
biotic metabolism, bile acid metabolism, fatty 
acid metabolism, G2M checkpoint, and E2F 
targets (Figure 5C).

Figure 3. Relationship between the expression of NAA40 and clinicopatho-
logic variables. The expression of NAA40 notably correlated with T stage (A), 
pathologic stage (B), tumor status (C), and histologic grade (D). *P<0.05, 
**P<0.01, and ***P<0.001.

iDC, mast cells, neutrophils, 
NK CD56dim cells, NK cells, 
pDC, T helper cells, Tcm, Tem, 
Tgd, Th17 cells, and Th2 cells  
(Figure 4).

Functional enrichment analy-
sis

The volcano plot representing 
NAA40-related DEGs show-
cased significant down-regu-
lation in blue and up-regula-
tion in red, meeting the crite-
ria of adjusted p value <0.05 
and |log2-FC| >1. The results 
of DEGs are shown in Su- 
pplementary Table 1. Among 
the top up-regulated genes 
were TEX15, CDH10, MEGEA4, 
SLC6A15, and CEACAM7. 
Conversely, the leading down-
regulated genes comprised 
CYP1A2, ANKFN1, SPINT3, 
SMR3A, and KLK3 (Figure 
5A).

The GO enrichment analysis 
encompassed three key func-
tional categories: biological 
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Discussion

Currently, hepatocellular carcinoma (HCC) is 
marked by a dismal prognosis and elevated 
mortality rates, largely attributed to late-stage 
diagnosis, heightened metastasis rates, and 
rapid malignant progression [12]. Therefore, 
investigations into early diagnostic markers 
and effective therapeutic strategies hold sig-
nificant potential to enhance the survival pros-
pects of HCC patients. While NAA40 in the pro-

gression of numerous tumors is acknowledged, 
its precise influence on the prognosis and 
immune infiltration of HCC patients, along with 
the underlying mechanisms, remains largely 
unexplored.

In this study, we meticulously examined the 
expression level of NAA40 in HCC tissues, con-
trasting it with adjacent non-cancerous tissues, 
employing datasets from the TCGA and GETx 
databases. Notably, our findings underscored 

Figure 4. Association between NAA40 expression with immune infiltration level. *P<0.05, **P<0.01, and 
***P<0.001.

Figure 5. Functional annotations and predicted signaling pathways. A. Volcano plot of DEGs. B. GO term and KEGG 
pathway enrichment analyses. C. GSEA Halmark pathway analysis.
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higher NAA40 expression levels within HCC tis-
sues, further strengthening the notion of its 
potential role as a significant biomarker. Fur- 
thermore, our data illuminated a compelling 
association between elevated NAA40 expres-
sion and adverse outcomes in HCC patients, 
encompassing overall survival (OS), disease-
specific survival (DSS), and progression-free 
interval (PFI). This pivotal observation suggests 
that NAA40 plays a contributory role in HCC dis-
ease progression, serving as a prominent bio-
marker. These findings resonate with those 
reported in colorectal cancer [13] and breast 
cancer [14].

Additionally, our investigation revealed a signifi-
cant correlation between NAA40 expression 
and critical clinical parameters, including T 
stage (T2 & T4 & T3), pathologic stage (stage II 
& stage III & stage IV), and histologic grade (G3 
& G4). Previous studies have confirmed that 
high NAA40 expression is overexpressed in 
liver cancer [8], colorectal cancer [13, 15], lung 
cancer [5] and breast cancer [14]. However, 
there is still a lack of sufficient literature to 
explain the clinicopathological and prognostic 
significance of NAA40 overexpression in HCC. 
Our conclusion on the increased expression of 
NAA40 in liver cancer tissues based on the 
database was consistent with the results of 
Costas Koufaris et al. [9], but different from the 
results of Liu et al. [8], who emphasized that 
NAA40 was down-regulated in liver cancer tis-
sues. Since the sample size of Liu’s study was 
smaller, and the sample size of our experiment 
was more sufficient, we can believe that the 
conclusion of the upregulation of NAA40 
expression in HCC is more reliable in the results 
of this study.

Immunotherapy, positioned as the fourth treat-
ment modality alongside surgery, radiation, and 
chemotherapy, has garnered significant atten-
tion and is rapidly advancing as a frontline 
approach in diverse cancer treatments. The 
liver serves as a pivotal organ, initiating inflam-
matory responses that stimulate the body’s 
immune reaction to counteract unwelcome 
pathogenic threats and the initiation of tumors 
[16]. However, the evasion of immune surveil-
lance often stands as a pivotal characteristic 
driving the progression of hepatocellular carci-
noma (HCC) [17]. Consequently, there is an 
imperative to unravel the intricate immune pro-

cesses within HCC, with the goal of effectively 
harnessing anti-tumor immunity. Immuno- 
therapeutic strategies for HCC can be broadly 
classified into immune checkpoint blockade 
(ICB), cell-based (primarily DC)/non-cell-based 
vaccines, adoptive cell transfer (ACT), cytokine/
antibody immunization protocols, and combina-
tions of immunotherapy agents with other 
drugs. The exploration of immune cell infiltra-
tion states in HCC not only holds the potential 
to sharpen the focus of immunotherapy but 
also to provide predictive insights into HCC out-
comes. Tumors flourish within the tumor micro-
environment (TME), a milieu that extends 
beyond tumor cells to encompass innate and 
adaptive immune cells, stromal components, 
endothelial cells, and cancer-associated fibro-
blasts [18]. This TME significantly influences 
the proliferation, migration, and angiogenesis 
of tumor cells [19].

Our findings highlight a negative correlation 
between NAA40 overexpression and the infil-
tration of immune cells, including aDC, cytotox-
ic cells, DC, eosinophils, iDC, mast cells, neu-
trophils, NK CD56dim cells, NK cells, pDC, T 
helper cells, Tcm, Tem, Tgd, Th17 cells, and Th2 
cells. Notably, DC cells within the liver play a 
pivotal role in antigen uptake, migrating to 
regional lymph nodes where they mature and 
present antigens to non-allergic T cells. This 
dynamic process assumes a critical role in 
tumorigenesis and viral infections [20]. Si- 
milarly, NK cells in the liver exhibit robust activ-
ity and function as the frontline immune 
responders against tumor cells. However, their 
efficacy is compromised in various cancers, 
including HCC [21]. Reduced immune cell infil-
tration or suppressed immune cell function can 
lead to compromised human immune respons-
es, thus promoting HCC development. Colle- 
ctively, these findings suggest that NAA40 may 
potentially emerge as a novel target molecule 
implicated in HCC development, exerting influ-
ence over the TME and establishing associa-
tions with diverse immune cell infiltrations.

To delve deeper into the mechanistic underpin-
nings of NAA40’s functional effects in HCC, we 
conducted an analysis of genes significantly 
associated with NAA40. This analysis encom-
passed both up-regulated and down-regulated 
genes exhibiting substantial abnormal expres-
sion. Employing GSEA enrichment, we unveiled 
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that these co-expressed genes alongside 
NAA40 could expedite the progression of HCC 
by facilitating biological processes such as 
nuclear division and cell metabolism. Further- 
more, ample studies have underscored the 
involvement of the CYP450 family members in 
tumor diagnosis and treatment. For instance, 
downregulation of CYP39A1 has been correlat-
ed with adverse HCC carcinogenesis, tumor dif-
ferentiation, and overall survival [22]. Addi- 
tionally, CYP3A5 has demonstrated tumor-sup-
pressive attributes by regulating the mTORC2/
Akt signaling pathway in HCC [23]. Our KEGG 
analysis hinted at NAA40’s potential to inhibit 
cytochrome P450 enzymes present in the liver, 
thus impeding the metabolic transformation of 
numerous biological compounds and potential-
ly exacerbating HCC progression.

Additionally, we dissected the differences in 
GSEA outcomes within Hallmark pathways 
between high NAA40 gene expression and low 
NAA40 gene expression. These findings re- 
vealed a noteworthy up-regulation in G2M 
checkpoint and E2F targets enrichment in the 
high NAA40 gene expression group. Conversely, 
oxidative phosphorylation, xenobiotic metabo-
lism, bile acid metabolism, and fatty acid 
metabolism exhibited down-regulation. These 
findings necessitate further experimental vali-
dation to substantiate the biological function 
and role of NAA40 in HCC.

Despite providing fresh insights into the link 
between NAA40 expression and its prognostic 
significance in HCC, our study has certain limi-
tations that warrant consideration and further 
exploration. First and foremost, the precise 
mechanism through which NAA40 influences 
disease progression via immune infiltration 
requires in-depth exploration, necessitating rig-
orous in vitro and in vivo investigations to unveil 
the underlying biological functions and poten-
tial mechanisms. Second, a more extensive 
range of clinical trials and data is imperative  
to unravel the molecular mechanisms specific 
to HCC. Third, our findings should ideally under-
go validation via comprehensive genomics 
studies.

In summary, our study verifies the distinct 
expression patterns of NAA40 in cancerous 
and adjacent tissues, assesses the prognostic 
implications for both NAA40 and HCC patients, 
and initiates a preliminary exploration of molec-

ular functions and associated mechanisms at 
the level of immune infiltration of NAA40 in 
HCC. These outcomes corroborate the role of 
NAA40 in HCC development, potentially enrich-
ing our understanding of its pertinent biological 
functions. Furthermore, they propose NAA40 
as a novel prognostic biomarker target for the 
formulation of anti-cancer strategies tailored to 
HCC.
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