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Abstract

Background Acute myeloid leukemia (AML) is a highly aggressive hematologic malignancy with poor prognosis and high
relapse rates. While the TNFAIP8 gene family (TNFAIP8, TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3) is implicated in cancer
and immune regulation, its role in AML remains unclear. This study utilized bioinformatics analyses to investigate their
expression, prognostic significance, genetic alterations, and immune associations in AML.

Methods The expression levels and clinical significance of TNFAIP8 family genes in AML were evaluated using UCSC
XENA databases. Kaplan—Meier survival analysis was performed to assess overall survival (OS) differences, and receiver
operating characteristic (ROC) curves were utilized to evaluate the prognostic predictive abilities of these genes. Genetic
alterations were analyzed using the cBioPortal platform, while immune infiltration was examined through ssGSEA and
Spearman correlation analysis. Functional enrichment analysis of co-expressed genes was conducted using the KEGG
and GO databases.

Results TNFAIP8, TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3 were significantly overexpressed in AML tissues compared to
normal tissues (P <0.001). However, Kaplan—Meier survival analysis revealed no significant association between their
expression levels and OS in AML patients. ROC curve analysis showed that TNFAIP8L2 had the highest predictive accuracy
(AUC=1.000) among the family members, followed by TNFAIP8L1 (AUC=0.728), TNFAIP8 (AUC=0.709), and TNFAIP8L3
(AUC=0.629). Clinicopathological analysis indicated that TNFAIP8 and TNFAIP8L1 expressions were associated with poor
cytogenetic risk, while TNFAIP8L3 expression correlated strongly with elevated bone marrow blasts (P <0.001). Mutation
analysis revealed a low frequency of genetic alterations, with TNFAIP8L1 being the only gene with mutations in 0.53% of
cases. Immune infiltration analysis demonstrated that TNFAIP8 and TNFAIP8L3 were positively correlated with myeloid-
derived suppressor cells (MDSCs), while TNFAIP8L1 expression was associated with natural killer (NK) cell enrichment.
Conclusion TNFAIP8 family genes play distinct roles in AML pathogenesis and immune regulation. TNFAIP8L2 shows
promise as a prognostic biomarker, while TNFAIP8 and TNFAIP8L1 may indicate adverse cytogenetic risk. The study
highlights their potential as therapeutic targets in AML.
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1 Introduction

Acute myeloid leukemia (AML) is a highly heterogeneous and aggressive hematologic malignancy characterized by
the abnormal proliferation of myeloid progenitor cells in the bone marrow, which impairs normal hematopoiesis [1,
2]. Despite recent advances in molecular targeted therapy and immunotherapy, which have significantly improved
the prognosis for some patients, the majority of AML patients still face poor survival rates and high relapse rates
[2, 3]. Therefore, it is urgent to uncover the molecular mechanisms underlying AML pathogenesis and identify new
biomarkers and potential therapeutic targets.

The TNFAIP8 (tumor necrosis factor-induced protein 8) gene family comprises a group of members closely
associated with cell survival, proliferation, apoptosis, and immune evasion, including TNFAIP8, TNFAIP8L1, TNFAIP8L2,
and TNFAIP8L3 [4, 5]. These family members have been found to be involved in the development and progression of
various cancers, such as pancreatic, ovarian, and lung cancer [4, 6, 7]. Altough, the role of TNFAIP8 family genes in AML
remains unclear. Existing studies suggest that the TNFAIP8 family genes may influence the tumor microenvironment
and tumor cell survival by regulating inflammation and immune responses [4-6, 8]. Therefore, investigating the
potential functions of this gene family in AML could deepen our understanding of the molecular mechanisms of
AML and provide new insights into its diagnosis and treatment.

In recent years, bioinformatics analyses have gained increasing prominence in oncology research, providing
valuable insights into diverse human malignancies and playing a pivotal role in advancing our understanding of
cancer biology [4, 9, 10]. This study focuses on the TNFAIP8 family based on its important roles in various cancers
and its potential to influence the biological behavior of AML by modulating the tumor immune microenvironment.
Through bioinformatics analysis, we aim to systematically explore the differential expression, genetic mutations,
and prognostic relevance of TNFAIP8 family genes in AML, further investigating their association with the immune
microenvironment. This research not only helps elucidate the functional role of TNFAIP8 family genes in AML but
may also provide new potential biomarkers and therapeutic targets for personalized treatment strategies in AML.

2 Methods

2.1 Expression profile analysis, survival analysis, and clinicopathological features of the TNFAIP8 family
in AML

This study utilized the UCSC XENA database (https://xenabrowser.net) to investigate the expression patterns of
TNFAIP8 family genes across multiple datasets, such as The Cancer Genome Atlas (TCGA) [11, 12]. The expression
levels were depicted graphically using the"ggplot2"package in R, a widely used tool for generating detailed and
flexible visual representations. Kaplan-Meier survival analysis was conducted to assess the association between
TNFAIP8 gene expression and patient prognosis [13]. This method estimates survival rates over time and compares
them between different patient groups. Hazard ratios (HR) and P-values were calculated to evaluate the significance
and strength of these associations. The relationship between TNFAIP8 mRNA levels and clinicopathological features
in AML was also examined and visualized via"ggplot2."The ROC curve analysis was applied to assess the performance
of a binary classification model, with the curve illustrating sensitivity (true positive rate) against 1-specificity (false
positive rate). The AUC (Area Under the Curve) was computed to evaluate model accuracy, with values nearing 1
indicating superior performance. The pROC package in R was utilized to create and analyze these ROC curves [14].

2.2 cBioPortal analysis of TNFAIP8 family genes in AML

The cBioPortal platform (https://www.cbioportal.org/) was employed to analyze genetic alterations in TNFAIP8 family
genes within the TCGA dataset [15, 16]. All four members of TNFAIP8, TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3 were
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investigated across the AML cohort of the TCGA pan-cancer atlas. The gene names were entered into relevant fields,
and alterations were retrieved using the"OncoPrint"and"Cancer Types Summary"tools available on cBioPortal.

2.3 Immune-related analysis of TNFAIP8 family genes in AML

The infiltration of 24 immune cell types within AML tissue samples was evaluated using the ssGSEA algorithm [17].
Correlations between the expressions of TNFAIP8 family genes and immune cells were examined via Spearman correlation
analysis. These associations were visualized using both the"ggplot2"and"pheatmap"packages. Additionally, the Wilcoxon
rank-sum test was performed to investigate the enrichment of immune cells in AML patients with varying levels of
TNFAIP8 gene expression.

2.4 Functional analysis of biological processes

Gene expression data for AML patients, measured in TPM, were obtained from the TCGA. Co-expression analysis was
performed using Pearson correlation coefficients (P <0.05, |[R|> 0.4) to identify genes co-expressed with TNFAIP8,
TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3. Venn diagrams were used to display overlaps among significantly related genes.
Functional enrichment analysis, including the Kyoto Encyclopedia of Genes and Genomes (KEGG) [18] and Gene Ontology
(GO) [19] analyses, was conducted using the"clusterProfiler"package.

2.5 Statistical analysis

Normally distributed data were expressed as means + standard deviation. The Wilcoxon rank-sum and Wilcoxon signed-
rank tests in SPSS 23.0 software were used to compare TNFAIP8 family gene expression (TNFAIP8, TNFAIP8L1, TNFAIP8L2,
and TNFAIP8L3) between normal and AML tissues. The association between TNFAIP8 expression and clinicopathological
variables was analyzed via chi-square tests. A P-value of <0.05 was considered statistically significant.

3 Results
3.1 Expressions of TNFAIP8 family in AML

The expression patterns of TNFAIP8 family members in AML were analyzed using data from the UCSC XENA database,
which included 70 normal samples and 173 tumor samples (supplementary 1 provides details on sample sizes and gene
expressions). As shown in Fig. 1, the expression levels of TNFAIP8, TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3 were significantly
elevated in AML tissues compared to normal tissues (P< 0.001).
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3.2 Survival analysis of TNFAIP8 family in AML

This research evaluated the association between TNFAIP8 family expression levels and patient survival outcomes
using Kaplan—-Meier curves, derived from TCGA data, with supplementary 2.1-2.4 providing relevant sample sizes and
survival information. The analysis focused on determining the overall survival (OS) characteristics of AML patients
(Fig. 2). No statistically significant differences were identified between high and low expression levels of TNFAIPS,
TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3 in terms of OS (P =0.564, P=0.829, P= 0.055, P = 0.628, respectively). Then,
We used GEPIA2 (http://gepia2.cancer-pku.cn/#analysis) to analyze the disease-free survival (DFS) significance
map data (setting Group cutoff = median) of TNFAIP8 family genes in LAML. We also found that there were no
statistically significant differences between high and low levels of TNFAIP8, TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3
in DFS (Supplementary Fig. 1).

3.3 Receiver operating characteristic (ROC) analysis of TNFAIP8 family in AML

ROC curve analysis was performed to enhance understanding of the prognostic predictive capabilities of TNFAIP8
family members. Supplementary 3.1-3.4 provide details on the sample sizes used for this analysis. Results indicated
that TNFAIP8 (AUC =0.709), TNFAIP8L1 (AUC =0.728), TNFAIP8L2 (AUC =1.000), and TNFAIP8L3 (AUC =0.629)
demonstrated notable predictive accuracy for AML (Fig. 3).
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3.4 Clinicopathological features of TNFAIP8 family of AML patients

In Table 1, the clinical characteristics of patients with low and high expression levels of TNFAIP8 family members
(TNFAIP8, TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3) are compared. Each characteristic, such as gender, race, age, WBC
count, and BM blasts, is assessed for statistical significance using P-values to indicate whether there are meaningful
differences between the two expression groups. Across all TNFAIP8 family members, the analysis shows no significant
gender distribution differences between the low and high expression groups (male vs. female). Additionally, race
distribution does not exhibit significant differences for any TNFAIP8 family member, as indicated by P-values
exceeding 0.5, reflecting similar racial composition regardless of expression levels. Age distribution also remains
consistent across low and high expression groups for all TNFAIP8 family members, with P-values greater than 0.1.
However, TNFAIP8 shows a marginally significant difference (P =0.059), implying that higher WBC counts might be
associated with elevated TNFAIP8 expression, though the other members do not display such associations. TNFAIP8L3,
however, presents a highly significant association (P <0.001), suggesting that elevated BM blast counts are strongly
linked to high TNFAIP8L3 expression. No significant associations were observed between PB blasts and TNFAIP8
family members. Cytogenetic risk analysis reveals that both TNFAIP8 and TNFAIP8L1 display significant differences (P
<0.001), indicating that patients categorized with poor cytogenetic risk may exhibit higher expression of these genes.
TNFAIP8L2 (P =0.009) and TNFAIP8L3 (P =0.002) also show significant differences concerning FAB classifications,
suggesting certain FAB subtypes, such as MO and M4, might be linked to higher expression. Mutations in FLT3, IDHT,
and RAS do not show significant differences across expression levels for any TNFAIP8 family member. TNFAIP8L1,
however, shows a notable difference (P =0.033), with the NPM1 mutation being more common in the high-expression
group. No differences in overall survival (OS) were observed between the low and high expression groups for any
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of the TNFAIP8 family members. However, significant differences in cytogenetic abnormalities, such as + 8, del(5),
and complex karyotypes, were found for TNFAIP8 and TNFAIP8L1, indicating that these abnormalities are associated
with higher gene expression. Overall, these findings suggest that certain clinical characteristics, including BM blasts,
cytogenetic risk, FAB classifications, and specific cytogenetic abnormalities, are significantly linked to the expression
of TNFAIP8 family members. TNFAIP8L3, in particular, demonstrates a strong correlation with BM blasts, while TNFAIP8
and TNFAIP8L1 show associations with cytogenetic risk, underscoring their potential role in prognostic assessments
for hematological malignancies.

3.5 Mutation and correlation analysis of TNFAIP8 family in AML

Epigenetic modifications are pivotal in the early stages of malignancy development. An investigation was conducted
using the cBioPortal online platform to explore alterations, such as mutations and copy number changes, within the
TNFAIP8 family in AML. The genetic variants and their associated alteration frequencies are depicted in Fig. 4A. Notably,
mutations were identified exclusively in TNFAIP8L1 (0.53%), which included amplification. These genetic alterations
in the TNFAIP8 family affected 0.53% of the 190 AML patients, as shown in Fig. 4B. Additionally, a Pearson correlation
analysis was carried out to evaluate the relationships between the TNFAIP8 family members. The results, illustrated in
Fig. 4C, demonstrate statistically significant positive correlations between TNFAIP8 and both TNFAIP8L2 and TNFAIP8L3
(P <0.05). In contrast, a significant negative correlation was observed between TNFAIP8 and TNFAIP8L1 (P < 0.05). No
notable correlation was found between TNFAIP8L1 and either TNFAIP8L2 or TNFAIPSL3 (P > 0.05).

3.6 Correlation between expressions of TNFAIP8 family and tumor immunity in AML

The relationships between the relative abundance of 24 immune cell types and TNFAIP8 family gene expression in
AML were assessed using the ssGSEA algorithm (Fig. 5). Supplementary data 4.1-4.4 provide detailed information
on the expression of TNFAIP8 family genes and the immune cell types. TNFAIP8 expression was positively linked with
multiple immune cells, such as Neutrophils, Eosinophils, Macrophages, Tem, iDC, DC, and Th17 cells. On the contrary,
a significant negative association was noted between TNFAIP8 expression and immune cells like NK CD56 dim cells,
CD8T cells, TFH, Th1 cells, NK cells, and NK CD56bright cells (Fig. 5A). TNFAIP8L1 expression was observed to have a
positive correlation with nine immune cell types, including NK cells, Mast cells, NK CD56bright cells, pDC, T cells, CD8
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T cells, NK CD56 dim cells, Cytotoxic cells, and B cells (Fig. 5B). However, TNFAIP8L1 expression displayed a negative
relationship with Neutrophils, DC, and Th2 cells. Differential expression patterns of TNFAIP8L2 were found across
different immune cells, such as iDC, Neutrophils, Th17 cells, Tem, Eosinophils, DC, and TReg. A negative correlation
was discovered between TNFAIP8L2 expression and CD8T cells, Tcm, and T helper cells (Fig. 5C). Regarding TNFAIP8L3,
there was a positive correlation between its expression and immune cells like Macrophages, iDC, Tem, Th1 cells,
Neutrophils, Th17 cells, Cytotoxic cells, NK CD56 dim cells, and T cells. aDC showed a negative correlation with
TNFAIP8L3 expression (Fig. 5D).

The Wilcoxon Rank-Sum test was applied to evaluate immune cell presence in AML patients (Fig. 6). Supplementary
data 5.1-5.4 contain details on enriched immune cells in the high and low expression groups of TNFAIP8 family genes.
Significantly enriched immune cells, such as Eosinophils, iDC, Macrophages, Neutrophils, and Tcm, were found in the
TNFAIP8 high expression group when compared to the low expression group (Fig. 6A). Conversely, immune cells like
NK CD56bright cells, NK cells, and TH1 cells were negatively enriched in the TNFAIP8 high expression group. A higher
enrichment of CD8T cells, NK CD56bright cells, and NK cells was seen in the TNFAIP8L1 high expression group compared
to the low expression group (Fig. 6B). Elevated enrichment levels of iDC, Macrophages, Neutrophils, and Tem were
observed in the TNFAIP8L2 high expression group compared to the low group (Fig. 6C). Similarly, iDC, Macrophages,
Neutrophils, Tem, TFH, and Th1 cells were significantly enriched in the TNFAIP8L3 high expression group compared to
the low expression group (Fig. 6D).

To further detect the association between TNFAIP8 family genes and immune regulation, we do an extensive correlation
analysis between TNFAIP8 family genes levels and immune checkpoint genes in LAML. The correlation analysis between
TNFAIP8 family genes levels and immune checkpoints in LAML are shown in supplementary 6. As shown in the Fig. 7, a
significant positive correlation between TNFAIP8 and CD96, SCF1R, ENTPD1. HAVCR2, SIGLEC15, TGFBR1, TNFRSF9 and
VSIR, while a significant negative association was found in LAG3 and PDCD1. TNFAIP8L1 exhibited a consistent positive
correlation with 17 checkpoint genes, including ASORA2 A, BTLA, CD160, CD244, CD27,CD274,1COS, KIR2DL1, KIR2DL3,
LAG3, LGALS9, TGFB1, TGFBR1, TIGIT, TNFRSF18, TNFRSF4 and TNFRSF14. Similarly, a significantly positive association was
found between TNFAIP8L2 and 12 check points genes, including BTLA, CSF1R, ENTPD1, HAVCR2, IL10, LGALS9, SIGLEC15,
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Fig.7 The correlation analysis between TNFAIP8 family genes levels and immune checkpoints in LAML. *P <0.05, **P <0.01, ***P <0.001
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TGFBR1, TNFRSF9, TNFRSF14 and VSIR. While, TNFAIP8L2 and KDR showed a negative correaltion in LAML. Moreover,
TNFAIP8L3 expression positively correlates with CTLA4, ENTPD1, ICOS, IL10, KDR, TNFRSF18, TNFRSF9 and TNFRSF14.
Conversely, negative correlations were observed bentween TNFAIP8L3 and CD244 and LGALS9.

3.7 Genes co-expressed with TNFAIP8 family in AML and enrichment analysis

Analysis of TCGA AML transcriptome data showed that TNFAIP8, TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3 were significantly
co-expressed with 366, 9433, 1209, and 94 genes, respectively, using criteria of |R|> 0.4 and P < 0.05 (sample sizes are
provided in supplementary 7.1-7.4). Figure 8A-D illustrate the top ten co-expressed genes (five positively correlated
and five negatively correlated) with each TNFAIP8 family member (sample sizes are provided in supplementary 8.1-8.4).
In Fig. 8A, TNFAIP8 displayed significant positive correlations with genes such as TAX1BP1, UEVLD, CCPG1, TANK, and
OSTMT1, and negative correlations with NUDT8, RPL18 A, MACROD1, RAC3, and PAFAH1B3. In Fig. 8B, TNFAIP8L1 was
positively correlated with LRRC8 A, DPF2, GATAD2 A, GRAMD1 A, and SIPA1L3, while negatively correlated with CCL23,
MT-CO3, DNAJC5B, MT-ND6, and IL22RA2. For TNFAIP8L2, significant positive correlations were found with NAGA, RGS19,
TMEM127, CAP1, and ARHGAP30, and negative correlations with CSPP1, MED17, PTBP2, ZNF709, and SH3D19 (Fig. 8C).
Lastly, TNFAIP8L3 was positively correlated with MRAS, FAM114 A1, TDRD9, MYO1 C, and TAMALIN, and negatively
correlated with SCD5, POLR1D, TMEM156, OCIAD2, and RAB37 (Fig. 8D).

A Venn diagram (Fig. 9A) displays the 37 intersecting genes co-expressed with TNFAIP8 family members, including
CACNA2D2, GAL, and GUCY2 C (sample sizes provided in Supplementary 9). To further explore the functional roles of
the TNFAIP8 family in AML, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were
conducted on these co-expressed genes. The GO analysis results indicated that the TNFAIP8 family co-expressed genes
were involved in processes such as passive transmembrane transporter activity, channel activity, and ion channel activity
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Fig.9 Co-expression analysis of TNFAIP8 family genes in AML, including Gene Ontology (GO) and KEGG enrichment analysis. The Venn
diagram shows the overlap of co-expressing genes (A), while bubble charts represent GO (B) and KEGG (C) enrichment terms

(Fig. 9B). KEGG analysis revealed that these co-expressed genes played roles in Neuroactive ligand-receptor interaction,
GnRH secretion, bile secretion, among others (Fig. 9C).

4 Discussion

Acute myeloid leukemia (AML), a fast-developing cancer of the blood and bone marrow, is the most prevalent type
of acute leukemia found in adults [20]. An accurate evaluation of prognosis is essential for guiding early therapeutic
decisions and improving patient outcomes. The use of biomarkers in cancer treatment has the potential to enhance
prognostic accuracy in certain malignancies. This study performed an in-depth analysis of four TNFAIP8 family mol-
ecules in AML, utilizing self-developed indicators to evaluate their expression patterns, prognostic significance,
immune involvement, and other relevant factors. It is the first research exploring the expression and prognostic roles
of different TNFAIP8 family members in AML. The findings are expected to contribute to advancements in current
understanding.

The upregulation of TNFAIP8 family members (TNFAIP8, TNFAIP8L1, TNFAIP8L2, and TNFAIP8L3) observed in AML
tissues compared to normal tissues highlights their potential role in AML pathogenesis. This differential expression,
statistically significant across all family members (P <0.001), suggests that the TNFAIP8 family may contribute to the
oncogenic processes in AML. The substantial overexpression in tumor samples aligns with previous findings where
dysregulation of TNFAIP8 family genes has been linked to tumor development and progression in other malignan-
cies [4, 6, 21, 22]. Given that aberrant expression patterns in oncogenes or tumor suppressors often correlate with
disease initiation or progression, further studies on the mechanistic contributions of these genes in AML could help
clarify their specific oncogenic roles.

Survival analysis revealed no statistically significant differences in overall survival (OS) between high and low
expression groups for TNFAIP8 family members in AML. While TNFAIP8L2 approached significance (P =0.055), the
results for the other members (TNFAIP8, TNFAIP8L1, and TNFAIP8L3) showed no strong survival associations (P >0.5).
This finding indicates that while these genes may be upregulated, their expression levels might not directly influ-
ence patient survival outcomes. However, this lack of association with OS does not rule out the possibility of these
genes contributing to other aspects of AML prognosis, such as disease progression, resistance to therapy, or relapse
potential [23]. Further investigation into the molecular pathways regulated by TNFAIP8 family genes could shed light
on their role in clinical outcomes beyond survival.

ROC analysis showed that TNFAIP8L2 had an exceptional AUC value of 1.000, indicating perfect accuracy in predict-
ing AML, while TNFAIP8, TNFAIP8L1, and TNFAIP8L3 also demonstrated moderate predictive abilities (AUC values of
0.709, 0.728, and 0.629, respectively). These findings suggest that TNFAIP8 family genes, particularly TNFAIP8L2, may
serve as valuable biomarkers for diagnosing AML. Given the high accuracy of TNFAIP8L2 in distinguishing between
normal and tumor samples, it could be explored as a potential diagnostic marker, warranting further validation in
clinical settings.

The clinical significance of TNFAIP8 family expression was further supported by the associations with specific
clinicopathological features. TNFAIP8L3 expression was significantly correlated with higher bone marrow (BM) blast
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counts (P <0.001), suggesting its potential role in disease severity. Similarly, both TNFAIP8 and TNFAIP8L1 were associ-
ated with poor cytogenetic risk (P <0.001), indicating that their elevated expression may be linked to more aggres-
sive disease forms. Additionally, TNFAIP8L2 and TNFAIP8L3 were significantly associated with specific FAB subtypes,
hinting at their involvement in the differentiation states of AML cells. Interestingly, TNFAIP8L1 showed a significant
association with NPM1 mutation, a common genetic alteration in AML, suggesting that its high expression could
serve as a surrogate marker for this mutation. These findings highlight the potential utility of TNFAIP8 family genes
in stratifying AML patients based on clinical characteristics, which could guide personalized therapeutic approaches.

Epigenetic alterations play a crucial role in the early stages of tumor development [24]. Genetic alterations in the
TNFAIP8 family were minimal, with only TNFAIP8L1 showing amplification (0.53%), indicating that mutations in these
genes are not a common feature in AML. However, the significant positive correlations between TNFAIP8 and TNFAIP8L2/
TNFAIP8L3, and the negative correlation with TNFAIP8L1, suggest that these family members may interact or regulate
common pathways. Understanding the functional interplay between these genes could provide insights into their collec-
tive roles in AML pathogenesis [25]. The absence of frequent mutations suggests that the TNFAIP8 family’s contribution
to AML may occur primarily at the transcriptional or post-transcriptional levels, rather than through genomic alterations.

Tumor cells interact with the immune microenvironment, influencing both tumor initiation and progression [26].
The immune cells that infiltrate the tumor are essential in shaping this microenvironment [27]. The high expression of
TNFAIP8 is positively correlated with various myeloid immune cells, including neutrophils, eosinophils, macrophages,
and dendritic cells, while showing a negative correlation with adaptive immune cells such as CD8" T cells, NK cells, TFH
cells, and Th1 cells. This trend may reflect the myeloid cell-dominant characteristics of the AML microenvironment and
could be associated with immune evasion mechanisms in AML. Previous studies have demonstrated that myeloid-derived
suppressor cells (MDSCs) are highly enriched in AML and promote disease progression by secreting immunosuppressive
cytokines such as TGF-$ and IL-10, thereby inhibiting the antitumor activity of T cells and NK cells [28]. Furthermore,
TNFAIP8 has been reported to facilitate tumor cell survival and immune evasion in certain cancer types, and its role in
AML may involve the regulation of myeloid immune cell function to reinforce the immunosuppressive microenvironment.
In contrast, TNFAIP8L1 exhibits a distinct expression pattern, with high expression positively correlated with effector
cells such as NK cells and CD8* T cells, suggesting a potentially different role from TNFAIP8 in AML antitumor immunity.
However, TNFAIP8L1 overexpression is also accompanied by a reduction in neutrophils and dendritic cells, implying a
dual role in modulating immune activation. Additionally, the expression of TNFAIP8L2 and TNFAIP8L3 is associated with
specific pro-inflammatory and immunosuppressive cell types, further supporting the hypothesis that the TNFAIP8 family
genes may play a complex regulatory role in the AML immune microenvironment.

These findings provide evidence that the TNFAIP8 family may influence AML progression by shaping the tumor
immune microenvironment. Exploring these interactions could help in the development of immune-based therapies
targeting TNFAIP8 family-mediated immune evasion mechanisms [29, 30]. The association between TNFAIP8 family genes
and immune cell infiltration suggests that they may play a critical role in the immune evasion of AML and serve as poten-
tial therapeutic targets. Notably, the high expression of TNFAIP8 is correlated with a reduction in NK cells and CD8* T
cells, indicating that it may promote leukemia cell survival by shaping the immunosuppressive microenvironment of
AML. Therefore, targeting TNFAIP8 inhibition could help restore antitumor immunity and enhance the responsiveness
of AML patients to immunotherapy. Furthermore, the expression pattern of TNFAIP8L1 suggests that it may enhance
anti-AML immune responses under specific conditions, warranting further investigation into its regulatory role in dif-
ferent immune states. Additionally, the expression characteristics of TNFAIP8L2 and TNFAIP8L3 indicate their potential
involvement in modulating the inflammatory microenvironment of AML, offering new directions for the development
of personalized immunotherapeutic strategies.

Our findings also presented here in illuminate the intricate interplay between TNFAIP8 family genes and immune
checkpoint regulation in LAML, offering a novel perspective on the immunomodulatory landscape of this aggressive
malignancy. The robust positive correlations observed between TNFAIP8 and key immune checkpoint genes such as
CD96, CSF1R, ENTPD1, HAVCR2, SIGLEC15, TGFBR1, TNFRSF9, and VSIR suggest a potential role for TNFAIP8 in promot-
ing an immunosuppressive tumor microenvironment (TME). This is particularly intriguing given the known functions of
these checkpoint molecules in dampening anti-tumor immune responses. For instance, HAVCR2 (TIM-3) and SIGLEC15
are well-documented mediators of immune evasion in various cancers, including LAML [31, 32]. The negative correlation
with LAG3 and PDCD1 (PD-1), however, hints at a more complex regulatory mechanism, possibly indicating a dual role of
TNFAIP8 in immune modulation. The consistent positive correlation of TNFAIP8L1 with a broad spectrum of checkpoint
genes, including CD274 (PD-L1), LAG3, and TGFB1, further underscores the potential involvement of this gene family in
immune evasion strategies. TGFB1, in particular, is a critical player in the immunosuppressive TME, promoting regulatory
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T cell (Treqg) differentiation and inhibiting cytotoxic T cell activity [33]. The association of TNFAIP8L1 with these genes
suggests its potential as a therapeutic target to reverse immune suppression in LAML. Similarly, TNFAIP8L2's positive
correlation with genes like CSF1R, HAVCR2, and TGFBRT1 aligns with emerging evidence that these pathways are pivotal
in myeloid-derived suppressor cell (MDSC) expansion and T cell exhaustion. The negative correlation with KDR (VEGFR2)
is noteworthy, as VEGF signaling is known to contribute to immunosuppression and angiogenesis in LAML. This inverse
relationship may imply a compensatory mechanism whereby TNFAIP8L2 expression modulates angiogenic and immune
responses in the TME. TNFAIP8L3's positive correlation with CTLA4 and TNFRSF18 (GITR) is particularly compelling, as
these checkpoints are central to T cell activation and tolerance [34]. The negative correlations with CD244 and LGALS9,
however, suggest a divergent role for TNFAIP8L3 in immune regulation, potentially influencing natural killer (NK) cell and
macrophage activity. These findings resonate with recent studies highlighting the heterogeneity of immune checkpoint
expression in LAML and its impact on clinical outcomes. For instance, the upregulation of PD-L1 and TIM-3 has been
associated with poor prognosis and resistance to immunotherapy in LAML patients [35]. The involvement of TNFAIP8
family genes in these pathways positions them as potential biomarkers forimmune checkpoint blockade response and
as targets for combination therapies. In the context of global research, these results align with the growing recognition
of the TNFAIP8 family’s role in cancer immunity. Studies in solid tumors have implicated TNFAIP8 in promoting tumor
progression and immune evasion, but its role in hematologic malignancies remains underexplored. Our findings bridge
this gap, providing a foundation for future investigations into the therapeutic potential of targeting TNFAIP8 family
genes in LAML. Our study elucidates the complex relationship between TNFAIP8 family genes and immune checkpoint
regulation in LAML, offering new insights into the molecular mechanisms underlying immune evasion. These results
underscore the need for further functional studies to validate these associations and explore their therapeutic implica-
tions. The integration of these findings with existing knowledge on LAML immunology could pave the way for innovative
treatment strategies that harness the immune system to combat this devastating disease.

The co-expression analysis identified several genes significantly associated with TNFAIP8 family members, with each
gene potentially contributing to the oncogenic processes in AML. TANK, as a crucial regulatory protein of TRAF (TNF
receptor-associated factor), played a significant role in the modulation of the NF-kB signaling pathway and the Type |
interferon (IFN-I) pathway [36]. TANK seems to be already studied in AML, so their positive correlation makes more sense
according to other studies [37, 38] and our results. Enrichment analysis indicated that TNFAIP8 family co-expressed genes
are involved in ion channel and transporter activity, as well as pathways related to neuroactive ligand-receptor interaction
and bile secretion. These biological processes and pathways may provide novel insights into the molecular mechanisms
underlying AML progression and offer potential therapeutic targets for future investigations.

The significant correlations between TNFAIP8 family expression and clinicopathological features, along with their
immune interactions, underscore their potential as both diagnostic and prognostic biomarkers in AML. The high predic-
tive accuracy of TNFAIP8L2, in particular, suggests that this gene could be incorporated into clinical diagnostic panels
for early AML detection. Moreover, the associations with immune cell infiltration indicate that TNFAIP8 family members
may serve as targets for immune-modulatory therapies. Given the evolving landscape of AML treatment, particularly
with the rise of immune-based therapies, targeting TNFAIP8 family-mediated immune interactions could open new
avenues for treatment strategies.

5 Limitations

Despite the comprehensive analysis of the TNFAIP8 family in AML, this study has several limitations that should be
acknowledged: The study primarily relies on publicly available datasets, such as UCSC XENA and TCGA, which may
introduce biases related to data collection, processing, and patient selection. The inclusion of additional independent
cohorts would enhance the generalizability of the findings. The study is based solely on bioinformatics analyses with-
out experimental validation. Functional assays, such as in vitro and in vivo experiments, are necessary to confirm the
biological roles of TNFAIP8 family members in AML progression and immune interactions. The Kaplan-Meier survival
analysis did not show statistically significant associations between TNFAIP8 family expression and overall survival (OS),
and disease-free survival (DFS). This may be due to sample size limitations, patient heterogeneity, or the influence of
other unmeasured prognostic factors. The importance of exploring alternative survival endpoints, such as event-free
survival (EFS) and relapse-free survival (RFS), is better assess the prognostic significance of the TNFAIP8 family genes in
AML. However, due to data availability constraints in publicly accessible databases, we were unable to retrieve reliable
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EFS and RFS data. The future studies should incorporate these additional survival endpoints. Our study provides a static
snapshot of TNFAIP8 family expression in AML. Longitudinal studies tracking expression changes over the course of dis-
ease progression and treatment would provide more dynamic insights into their prognostic and therapeutic potential.
So, future research integrating multi-omics data, experimental validation, and clinical trials is necessary to fully elucidate
the role of TNFAIP8 family members in AML pathogenesis and their potential as therapeutic targets.

6 Conclusion

In summary, the TNFAIP8 family displays significant expression alterations, clinical associations, and immune interac-
tions in AML. These findings highlight the potential clinical utility of the TNFAIP8 family as diagnostic biomarkers and
therapeutic targets, particularly in modulating the immune microenvironment. Further studies are needed to validate
these findings and explore the mechanistic pathways regulated by these genes in AML.
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