Am J Transl Res 2022;14(7):4898-4917
www.ajtr.org /ISSN:1943-8141/AJTR0142573

Original Article
An inflammatory response-related
gene signature associated with immune
status and prognosis of acute myeloid leukemia
Xin Wu1*, Shiqin Li2*, Dongjie Chen3, Guiping Zheng4, Zhaohua Zhang4, Zian Li5, Xiaoying Sun6, Qiangqiang
Zhao4#, Jingjuan Xu7#
Department of Spine Surgery, The Third Xiangya Hospital, Central South University, Changsha 410013, Hunan,
China; 2Department of Cell Biology, School of Life Sciences, Central South University, Changsha 410013, Hunan,
China; 3Department of Hepatopancreatobiliary Surgery, The Third Xiangya Hospital, Central South University,
Changsha 410013, Hunan, China; 4Department of Hematology, The Qinghai Provincial People’s Hospital, Xining
810007, Qinghai, China; 5Department of Clinical Laboratory, Qinghai Provincial People’s Hospital, Xining 810007,
Qinghai, China; 6Department of Emergency, The Qinghai Provincial People’s Hospital, Xining 810007, China;
7
Department of Outpatient, The First People’s Hospital of Changzhou, Changzhou 213000, Jiangsu, China. *Equal
contributors. #Co-corresponding authors.
1

Received February 26, 2022; Accepted May 11, 2022; Epub July 15, 2022; Published July 30, 2022
Abstract: Objective: To determine the prognostic significance of inflammatory response-associated genes in acute
myeloid leukemia (AML). Methods: Transcriptomic profiles and related clinical information of AML patients were
acquired from a public database. To establish a multi-gene prognosis signature, we performed least absolute
shrinkage and selection operator Cox analysis for the TCGA cohort and evaluated the ICGC cohort for verification.
Subsequently, Kaplan-Meier analysis was carried out to compare the overall survival (OS) rates between high- and
low-risk groups. Biological function and single-sample gene set enrichment (ssGSEA) analyses were employed to
investigate the association of risk score with immune status and the tumor microenvironment. Prognostic gene expression levels in AML samples and normal controls were confirmed by qRT-PCR and immunofluorescence. Results:
We identified a potential inflammatory response-related signature comprising 11 differentially expressed genes,
including ACVR2A, CCL22, EBI3, EDN1, FFAR2, HRH1, ICOSLG, IL-10, INHBA, ITGB3, and LAMP3, and found that
AML patients with high expression levels in the high-risk group had poor OS rates. Biological function analyses
revealed that prognostic genes mainly participated in inflammation and immunity signaling pathways. Analyses of
cancer-infiltrating immunocytes indicated that in high-risk patients, the immune suppressive microenvironment was
significantly affected. The expression of the inflammation reaction-associated signature was found to be associated
with susceptibility to chemotherapy. There was a significant difference in prognostic gene expression between AML
and control tissues. Conclusion: A novel inflammatory response-related signature was developed with 11 candidate
genes to predict prognosis and immune status in AML patients.
Keywords: Acute myeloid leukemia, inflammatory response, prognostic gene signature, immune status, tumor
microenvironment, overall survival, drug sensitivity

Introduction
Acute myelogenous leukemia (AML) is among
the most common hematological malignancies;
it is characterized by abnormal molecular heterogeneity and immature myeloid progenitor
cells that accumulate in the bone marrow and
peripheral blood [1, 2]. In 2020, 19,940 patients were diagnosed with AML in the United States, and 11,180 AML-related deaths

occurred [3]. AML is a highly heterogeneous
malignancy for which chemotherapy is the primary treatment. Despite the standardization
of treatment, AML prognoses vary widely.
Although there have been significant efforts
toward developing targeted and/or combination
therapies, the 5-year survival rates for AML
patients remain unsatisfactory at less than
30%, partly due to resistance to antitumor
drugs [4, 5]. Therefore, it is imperative to deter-
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mine potential indicators that can promote the
diagnosis, therapy, and prognosis of AML
patients as well as monitor the disease.
Recently, a growing body of evidence has suggested that the bone marrow microenvironment plays a significant role in AML pathogenesis [6, 7]. Various hematologic malignancies
are characterized by an inflammatory response
in the bone marrow [8, 9]. Various studies have
highlighted the effects of inflammation on cancer progression [10-12]. For example, inflammation is a persistent and self-sustaining stimulus that forces malignant clones to generate
extra subclones by inducing additional mutations in hematopoietic cells [8]. In AML mouse
models, researchers have found that the microenvironmental modulation of hematopoietic
stem cells is remarkably disturbed by the
growth of leukemia cells [13]. Intriguingly, there
is a positive relationship between inflammatory
signaling and bone marrow structure remodeling [14]. Thus, exploring the mechanism by
which inflammatory event-associated genes
are regulated in the tumor immune microenvironment (TIME) of AML may reveal new therapeutic targets and interventions.
In this study, we acquired the mRNA expression
profiles of AML patients from a public database. Subsequently, in the TCGA cohort, we
established a prognosis hallmark with DEGs
associated with the inflammation reaction, and
the steadiness and effectiveness of the model
were further verified by the ICGC cohort.
Functional enrichment analysis and exploration
of prognostic gene expression associated with
tumor stemness and chemoresistance were
also performed. The expression of prognostic
genes at the mRNA and protein levels in AML
and normal samples was confirmed by experimental assays.
Materials and methods
Data collection and processing
The transcriptomic dataset and associated
clinical information of 151 AML patients were
acquired from the TCGA web site (TCGAAML Cohort, https://www.cancer.gov/aboutnci/organization/ccg/research/structural-genomics/tcga), and 264 normal samples were
acquired from GTEx web site (GTEx-Normal
Cohort, https://xena.ucsc.edu/). The transcriptomic dataset and clinical data of 356 AML
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specimens were acquired from the ICGC website (LAML-US Cohort, https://dcc.icgc.org/).
The patients whose data were included in these sets were primarily American citizens, and
all were diagnosed with AML. The information
from TCGA, GTEx, and ICGC is publicly available
in accordance with their data acquisition and
publication protocols.
Establishment and verification of a prognostic
inflammation reaction-associated genetic signature
First, as presented in Supplementary Table 1,
we acquired 200 inflammation reaction-related
genes (IRRGs) from the Molecule Signature
data base. Then, per the standards of fold
change > 2 and a false discovery rate (FDR) <
0.05, we determined the DEGs between AML
specimens and healthy specimens within the
TCGA cohort with “limma” R software. Least
absolute shrinkage and selection operator
(LASSO)-penalized Cox regressive analysis was
used to establish a prognosis model and
reduce the risk of overfitting to a minimum [15].
The “glmnet” R package was used to select and
shrink variates, equaling certain regression
coefficients to 0 and yielding a rational model.
Patient risk scores were computed based on
the expression level of all evaluated inflammatory reaction-associated genes and their relevant regression coefficients. The calculation
was carried out according to the following equation: risk score= esum (every genetic expression × relevant coefficient)
. Then, patients were separated into riskhigh
and risklow groups based on the mid-value of
the risk score. PCA analysis was further
employed to study the distributional status of
prognostic genes in various groups with “Rtsne”
and “ggplot2” R packages.
To study the overall survival (OS) of the riskhigh
group and risklow group, survival analysis was
performed using the “survminer” R package.
Moreover, the “survival” and “timeROC” R programs were implemented to complete timereliant receiver operating characteristic (ROC)
curve analyses to assess the prediction potential of the prognosis hallmark.
Functional enrichment analysis of inflammatory reaction-related DEGs
To reveal the potential roles of the prognostic
signature, we employed functional enrichment
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analyses, like gene ontology, Kyoto Encyclopedia of Genes and Genomes (KEGG), and gene
set enrichment analysis (GSEA) with program
4.1 according to the DEGs between the riskhigh
group and risklow group [16]. The BanjaminiHochberg (BH) adjusted P < 0.05 was considered statistically significant.
Tumor microenvironment (TME) and immune
response analysis
Immunity and stroma score was carried out to
measure the infiltrative status of immunocytes
and stromal cells across the two groups [17].
Spearman’s correlation was employed to examine the association of risk score with
immune and stromal score. Moreover, tumor
stem cell-like characteristics, including RNA
stemness score (RNAss) and DNA stemness
score (DNAss), were analyzed using the
PanCancer TCGA database of tumor stem cell
transcriptome and epigenetic data [18]. The
stemness indices of RNA and DNA were calculated according to mRNA expression and DNA
methylation, respectively [19]. The correlation
between cancer stemness and risk score was
identified using Spearman correlative analyses.
Analysis of chemosensitivity
The NCI-60 database covers 60 tumor lineage
cell lines from nine different cancer types hosted on the Cell Miner website (https://discover.
nci.nih.gov/cellminer). A Pearson correlative
assay was performed to explore the relationship between genetic expression prognosis and
drug susceptibility. The association assay was
performed on 216 medicines, selected from
medications with FDA approval or those undergoing clinical trial testing (Supplementary Table
2).
Validation of prognosis gene expression between AML and control samples by qRT-PCR
Ten paired AML tissue and corresponding normal peripheral blood samples were acquired
from Qinghai Provincial People’s Hospital. The
mRNA expression levels of 11 prognosis genes
were measured in all samples using qRT-PCR.
Based on the manufacturer’s specifications,
the target RNAs were extracted using TRIzol
reagent (Servicebio). Extracted RNAs were then
converted into cDNA by reverse transcription
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using the Revert Aid First Strand cDNA Synthetic Tool (Thermo). Fast Start Universal SYBR
Green Master Mix (Roche) was used to complete the qRT-PCR assay using StepOne
(Applied Biosystems). The relevant primer
sequences are listed in Supplementary Table
3. Each RNA sampling procedure was repeated
three times. The comparative expression levels
of IRRGs were computed using the 2-ΔΔCt
approach to compare expression levels across
samples.
Validation of prognostic gene expression between AML and control samples by immunofluorescence (IF)
Paraffin-embedded tumor tissues were deparaffinized for antigen repair. IF staining was
performed using anti-ACVR2A, CCL22, EBI3,
EDN1, FFAR2, HRH1, ICOSLG, IL-10, INHBA,
ITGB3, and LAMP3 antibodies, according to
the standard protocol. The nuclei were then
stained with DAPI (Invitrogen), and imaging
results were observed and analyzed via fluorescence microscopy.
Statistics
The Wilcoxon test was used to compare DEGs
between AML and control samples, and the chisquare test was used to compare the percentages. The Mann-Whitney test was employed to
contrast the ssGSEA score of immunocytes or
immunity paths between the riskhigh and risklow
groups, and the BH approach was utilized to
modify the P result. K-M analyses were used to
compare the OS among the diverse groups. The
association between prognosis model risk
score, prognosis genetic expression, stemness
and stroma score, immunity score, and medicine susceptibility was further determined via
Spearman and Pearson correlative analyses.
To generate plots, R program 3.6.3, including
the various packages of venn, igraph, ggplot2,
pheatmap, ggpubr, corrplot, and survminer
were employed. Finally, a two-tailed P value <
0.05 was considered statistically significant.
Results
Determination of prognostic inflammationassociated DEGs in the TCGA cohort
A flow diagram of this study is presented in
Figure 1. The research subjects comprised 151
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Figure 1. The flow chart including data collection, analyses and representative experimental results in this study.

AML patients from the TCGA-AML cohort, 264
normal samples from the GTEx cohort, and 356
AML patients from the ICGC (LAML-US) cohort.
In AML and neighboring normal samples, 79
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DEGs associated with inflammatory response
and 49 prognostic genes were identified (Figure
2A). The heatmap shows the expression levels
of the 21 overlapping genes in AML and normal
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Figure 2. Determination of the candidate inflammatory response-related genes in the TCGA cohort. A. Venn diagram to determine DEGs between AML samples and
normal controls. B. Heat map showing the expression levels of 21 overlapping genes between AML samples and normal controls. C. Forest plots revealing the results
of the correlation between expression of 21 overlapping gene and OS. D. The correlation network of 21 overlapping genes.
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samples (Figure 2B). Univariable Cox analysis
revealed an association between the expression levels of 49 prognosis genes and OS
(Supplementary Figure 1A). The 21 inflammatory response-related genes were correlated
with OS and were expected to be potential
prognostic markers. The hazard rate of CCL22
gene was 18.178 (95% CI = 4.296-76.910, P <
0.001, Figure 2C). As shown in Figure 2D, we
determined the correlative network of these
genes.
Establishment of a prognostic model for the
TCGA cohort
LASSO-Cox regressive analysis was performed
to construct the prognostic model of the aforementioned 21 genes, which were identified based on the optimum value of λ
(Supplementary Figure 1B, 1C). The patients’
risk scores were assessed as follows: risk score = 0.120 * expression level of ACVR2A +
1.530 * expression level of CCL22 + 0.168 *
expression level of EBI3 + 0.691 * expression
level of EDN1 + 0.066 * expression level of
FFAR2 + 0.661 * expression level of HRH1 +
0.313 * expression level of ICOSLG + 0.033 *
expression level of IL10 + 0.095 * expression
level of INHBA + 0.019 * expression level of
ITGB3 + 1.103 * expression level of LAMP3.
Subsequently, patients were separated into
riskhigh and risklow groups based on the mid-value cut-off (Figure 3A). Early mortality was
observed more frequently for Riskhigh patients
than for risklow patients (Figure 3B). Furthermore, PCA analyses revealed that patients in
the riskhigh and risklow groups were mainly distributed in two orientations (Figure 3C). Similarly, the K-M curve revealed that riskhigh
patients displayed a remarkably inferior OS
compared to risklow patients (Figure 3D, P <
0.001). ROC curves were used to forecast OS
in the constructed prognostic model, and the
AUC was 0.799 at 1 year, 0.803 at 2 years,
and 0.780 at 3 years (Figure 3E). To reveal the
association between the 11 prognosis genes
and prognoses, we performed survival analyses according to the optimum threshold of
each prognosis gene. The results revealed that
for all genes, high expression levels were significantly related to worse OS (Supplementary
Figure 2A-K, P < 0.001). As presented in
Supplementary Figure 3, the expression levels
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of each of the 11 prognostic genes were higher
in AML samples than in the normal controls,
which is consistent with the results shown in
Figure 2B.
Validation of gene signatures in the ICGC cohort
AML patients within the ICGC cohort were
separated into riskhigh and risklow groups according to the mid-value of the TCGA cohort to
determine the validity of the established prognosis model (Figure 3F). However, all patients
with survival data in the ICGC cohort died, so
the data were unsuitable for comparing mortality in the different risk groups (Figure 3G).
As per PCA analysis, the results verified the
scattered distribution of AML patients in riskhigh
and risklow groups, showing similar results to
those obtained from the TCGA cohort (Figure
3H). As shown in Figure 3I, patients in the
riskhigh group exhibited a lower survival rate
than those in the risklow group. In addition, the
AUC of the 11-gene hallmark reached 0.738 at
1 year, 0.745 at 2 years, and 0.789 at 3 years,
indicating that the risk score yielded satisfactory prognostic predictability (Figure 3J).
Biological function and pathway analyses
The different OS rates of patients in the riskhigh
group and risklow group were studied, and
GSEA was further employed to explore the
underlying diversity of biological functions and
pathways between them. GO term analysis
revealed that the biological process of T cell
proliferation was remarkably enriched in
riskhigh patients (Figure 4A; Supplementary
Figure 4). In addition, five KEGG pathways were
mainly sponged in the riskhigh patients, with a
FDR < 0.05, which is presented in Figure 4B
and Supplementary Figure 5. The pathways of
the KEGG database demonstrated that the
remarkably expressed DEGs in the riskhigh
patients were predominantly associated with
the pathways relevant to the inflammatory
response, including B cell receptor, chemokine,
and Fc-g receptor-mediated phagocytosis.
These data indicate that these DEGs may be
highly influential on the immunoresponse.
Potential relevance of gene signature in TIME
The TME immune status is mainly associated
with cancer development, drug tolerance, and
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Figure 3. Prognostic analysis of the eleven genes’ signature model in the TCGA cohort and ICGC cohort. TCGA cohort (A-E), ICGC cohort (F-J). (A, F) The median value
and distribution of the risk scores. (B, G) The distribution of OS with risk scores. (C, H) PCA plot analysis of patients in the high- and low-risk groups. (D, I) KaplanMeier curves for OS of patients in the high- and low-risk groups. (E, J) AUC time-dependent ROC curves for OS at 1, 2, 3 years.
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Figure 4. Gene set enrichment analysis of biological functions and pathways. A. Analysis of Gene Ontology (GO). B.
Analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG).

clinical results. To evaluate the association
between risk score and immune status, ssGSEA was performed to study the enrichment
score of diverse immunocyte subset-related
roles and pathways. All genes relevant to ssGSEA analysis are presented in Supplementary
Table 4. We discovered that the process of antigenic presentation within the TCGA cohort,
such as iDCs, pDCs, APC co-suppression, APC
co-activation, HLA, and MHC class I, was signifi-
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cantly promoted in riskhigh patients with a modified P < 0.05 (Figure 5A, 5B). Moreover, the
ratio of Tfh cells, Th1 cells, Treg cells, T cell coactivation, and T cell co-suppression was higher in riskhigh patients than in risklow patients,
suggesting that differences in T cell regulation
may play a potential role in observed differences in riskhigh and risklow groups. In addition, our
team observed that CCR, checkpoint, macrophage, neutrophilic cell, inflammation-facilitat-
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Figure 5. Analyses of immune status and the relationship between risk score and TME in the high- and low-risk
groups. TCGA cohort (A, B), ICGC cohort (C, D). (A, C) The boxplots of showing the score of 16 immune cells and (B,
D) 13 immune-related functions. (E) The relationship of risk score with RNAss, DNAss, Stromal Score and Immune
Score. P values were presented as: ns, no significance; *P < 0.05; **P < 0.01; ***P < 0.001.

ing activity, and type II IFN reaction activity
scores were also higher in riskhigh patients than
in risklow patients with a modified P < 0.05
(Figure 5A, 5B). The comparisons of the above indicators within the ICGC cohort between
the two risk groups resembled that within the
TCGA cohort with a modified P < 0.05 (Figure
5C, 5D).
To further study whether risk score was associated with cancer stemness and TIME, RNAss
and DNAss were performed to measure tumor
stemness. Stroma and immunity score were
also employed to assess TIME. As presented
in Figure 5E, our team discovered that the risk
score was not remarkably associated with
DNAss but remarkably positively correlated
with stromal and immune scores (P < 0.001)
and negatively correlated with RNAss (P <
0.001).
In addition, PD-1/PD-L1 and PD-1/PD-L2 paths
are critical modulators of tumor immunoescape. Thus, testing the expression levels of
immunity checkpoints like PD-L1 and PD-L2 is
a vital approach for immunological therapy. In
comparison with the risklow patients, the expression levels of PD-L1 and PD-L2 were
higher in the riskhigh patients (Figure 6A, 6B),
and the relationship between the expression
levels of PD-L1 and PD-L2 and the risk score
was positive (Figure 6C, 6D).
Prognostic gene expression and oncocyte susceptibility to chemotherapy
The multidrug resistance-associated protein
(MRP) family is essential for modulating drug
resistance-associated tumor genes. We found
that patients in riskhigh group exhibited higher
expression levels of MRP2 and MRP3 than
risklow patients (Figure 6E, 6F). Additionally, the
expression levels of MRP2 and MRP3 were
positively related to the risk score (Figure 6G,
6H).
Subsequently, in NCI-60 lineage cells, we measured the expression of prognosis genes and
investigated the association between their
expression levels and medicine susceptibility
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(Supplementary Table 5). The results suggested that the prognostic genes were related to
certain chemotherapeutic drug sensitivities (P
< 0.01). Representative results are as follows:
elevated expression levels of INHBA, HRH1,
and IL-10 were associated with elevated susceptibility of oncocytes to dasatinib, midostaurin, lomustine, and azacitidine. In contrast, the
increased expression levels of CCL22 and
ACVR2A were associated with decreased susceptibility of oncocytes to midostaurin and etoposide (Figure 7). Notably, the elevated expression of both INHBA and HRH1 was related to
increased drug susceptibility of oncocytes to
dasatinib, which was accepted by the FDA as a
first-line therapy for AML in 2006.
Verification of prognosis gene expression between AML and control samples by qRT-PCR
and IF
To validate the diverse expression of the 11
prognostic genes (ACVR2A, CCL22, EBI3,
EDN1, FFAR2, HRH1, ICOSLG, IL-10, INHBA,
ITGB3, and LAMP3) between AML and corresponding healthy samples, the expression
level of mRNA and protein was analyzed by qRTPCR and IF. As expected, the prognosis gene
expression levels were higher in AML specimens than in healthy specimens based on the
qRT-PCR assay (Figure 8, P < 0.001). As depicted in Figure 9, the results of IF were similar
to those of qRT-PCR (P < 0.01). These experimental results further confirmed the mRNA levels of 11 prognostic genes in the TCGA database (Supplementary Figure 3).
Discussion
AML is a prevalent hematological carcinoma
characterized by the accumulation of immature
myeloid progenitor clones [20]. The development of targeted molecular and immunization
therapies has benefited AML patients, but the
5-year prognoses of AML remain unsatisfactory because of the high relapse rates [4, 5]. A
high-accuracy prognosis prediction method
supports the decision-making capability of
healthcare practitioners to develop individual-
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Figure 6. Analyses of detecting expression levels of PD-L1, PD-L2, MRP2 and MRP3 between different groups and the correlation between risk score and the expression of PD-L1, PD-L2, MRP2 and MRP3. A, C. PD-L1. B, D. PD-L2. E, G. MRP2. F, H. MRP3.
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Figure 7. Representative top 9 scatter diagram of association between prognostic gene expression and drug susceptibility. A-I. Scatter plots sorted by Cor value. A, C, I. INHBA. B. CCL22. D, F. HRH1. E, H. IL 10. G. ACVR2A.

ized therapy programs by designating riskhigh
and risklow groups using dependable gene signatures [21]. In this study, we comprehensively
studied the expression of 200 IRRGs in AML
samples and their association with OS. We
identified 79 DEGs in the TCGA cohort.
Univariate Cox analyses revealed that 21
DEGs were associated with OS. Subsequently,
a prognosis model involving 11 IRRGs was
established via LASSO regressive analyses
and verified within the ICGC cohort. We separated the patients into riskhigh and risklow groups according to the mid-value of the risk score
and found that riskhigh patients exhibited significantly poorer OS in contrast to risklow patients
as per the K-M analyses. We aimed to verify
the prediction ability of the hallmark and
obtained an AUC of 0.780 for 3-year OS.
Moreover, the AUCs of 1-year and 2-year OS
were 0.799 and 0.803, respectively, suggesting that the signature had good predictive
capability.
Determining gene signatures using transcriptome profiles is an attractive method for evaluating tumor risks and associated prognoses
[22]. The prognostic model constructed in this
study comprised 11 inflammatory reactionassociated genes, including ACVR2A, CCL22,
EBI3, EDN1, FFAR2, HRH1, ICOSLG, IL-10,
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INHBA, ITGB3, and LAMP3. They were downregulated in AML samples, and this difference was associated with a worse prognosis.
Specifically, ACVR2A is an activin A acceptor,
which has a vital effect on tumorigenesis and
progression by modulating cell differentiation,
proliferation, and apoptosis in cancer cells
[23-27]. Studies conducted on Th2 cell-related
chemokine (CCL22) expressive levels and Th2
cells in tumors indicated that the expression
level of CCL22 serves as a risk prognosis factor
in mammary, colonic, and rectal carcinomas
[28, 29]. It has been reported that CCL22, acting as a receptor for CCR4, partially promotes
ATL cell survival through the PI3K-Akt pathway. These results suggested that the inhibition of CCR4 signaling may have therapeutic
potential in this refractory malignancy [27, 30].
Epstein-Barr virus-induced protein-3 (EBI3)
was found to be activated by IL-18 [31] and
IL-35 [32], which play key roles in inducing Th1
immune responses and are correlated with
AML clinical staging. The PI3K/mTOR dual
suppressor BEZ235 impacts the chemosensitivity of AML cells by elevating the expression
of miR-1-3p, resulting in EDN1, BAG4, and
ABCB1 downregulation and thus regulating cell
apoptosis, migration, and multidrug resistance
[33]. Lower expression levels of FFAR2 have
been reported in breast cancer, prostate can-

Am J Transl Res 2022;14(7):4898-4917

Inflammatory-related gene predict the prognosis of AML

Figure 8. The mRNA expression
analysis of the prognostic genes
between AML tissues and normal
controls by qRT-RCR. A. ACVR2A.
B. CCL22. C. EBI3. D. EDN1. E.
FFAR2. F. HRH1. G. ICOSLG. H. IL10. I. INHBA. J. ITGB3. K. LAMP3.
***P < 0.001.
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Figure 9. The protein expression analysis of the prognostic genes between AML tissues and normal controls by IF. The nucleus was stained with DAPI. A. ACVR2A. B.
CCL22. C. EBI3. D. EDN1. E. FFAR2. F. HRH1. G. ICOSLG. H. IL-10. I. INHBA. J. ITGB3. K. LAMP3. Scale bars are 50 µm. Magnifications are 20X.
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cer, and blood disorders, especially leukemia,
which coincide with the outcomes of this study
[34, 35]. The expression level of HRH1 is associated with the prognosis of various cancers,
such as hematological cancers, in which HRH1
can affect differentiation sensitivity and solid
carcinoma development [36]. ICOSLG, a component of the B7 ligand family, is vital for modulating the T cell (Treg)-mediated immune
response, and its expression in plasmacytoid
dendritic cells (DCs) promotes tumor development by accumulating immune suppressive
CD4+ T cells [37, 38]. Additionally, in myeloproliferative diseases, CD86 and ICOSLG expression is associated with poor clinical prognosis
and disease severity [39]. The IL-10 receptor is
overexpressed in most AML cells, plays a vital
role in facilitating leukemia cell stemness, and
has been explored as a new potential therapeutic candidate for AML [40]. INHBA modulates
various critical mechanisms involved in the
progression of chemoresistance in pancreatic
cancer, such as the enhancement of stem celllike properties and tumorigenicity of pancreatic cancer cells [41]. The expression level and
clinical value of INHBA in AML were also investigated, and the results indicated that high
INHBA expression was an unfavorable prognosis factor for de novo AML [42]. ITGB3 has been
reported to be a promoting factor for tumorigenesis in various malignancies, such as breast cancer [43] and hepatocellular carcinoma
[44]. ITGB3 has been reported to interact with
STAT6 to participate in AML progression [45].
Furthermore, Fuentes et al. demonstrated that
integrin ITGB3 has a pivotal effect on intracellular crosstalk through the interaction and activation of FAK, which is crucial for tumor metastasis [43]. LAMPs are a family of glycosylated
proteins presenting primarily on lysosome
membranes, including LAMP3, which is overexpressed in a variety of cancers in which it is
related to an unsatisfactory prognosis and may
be pivotal for tumor metastasis [46-48].
Whether these genes influence prognosis in
AML patients via inflammation pathways
remains elusive considering that few studies
have focused on this relationship. According to
the GSEA analysis reported herein, inflammation-associated signal pathways, such as B
cell receptor, chemokine, and Fc-g receptormediated phagocytosis pathways, were remarkably enriched in riskhigh patients, which sub-
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stantiated that the inflammation reaction is
closely related to tumor progression. Furthermore, high-risk patients displayed a higher ratio
of macrophages, neutrophils, Th1 cells, and
Tregs. To create and sustain an immune-permissive environment, tumors attract immune
suppressive cells, such as M2 (or cancer-related) macrophages, DC subtypes, and myeloidderived suppressor cells (MDSC) [49]. For
instance, oncocytes and cancer-infiltrating
macrophages generate the chemotactic factor CCL22, which attracts Tregs into the TME,
thus hindering the antitumor immune response [50]. Previous studies have shown that
increased numbers of cancer-related macrophages [51, 52], neutrophilic cells [53], Th1
cells [54, 55], and Treg cells [56, 57] are associated with unsatisfactory prognoses in AML
patients, partially due to the immune evasion
effect.
Tumor immunotherapies targeting immune
checkpoints such as PD-L1 have exhibited significant clinical activity in various cancer types
[58-60]. The increased expression of immune
checkpoints inhibits the anticancer immune
response of T cells by elevating the expression
levels of PD-1 and BRD4, and studies on immunity checkpoint inhibitors have led to
remarkable advancements in AML therapies
[61]. In this study, the score of immunity checkpoints in riskhigh patients was greater than that
in risklow patients, and the risk score was positively related to the expression levels of PD-L1
and PD-L2. Thus, the prognostic model could
be employed to forecast the expression levels
of immunity checkpoints and facilitate immunotherapy. Moreover, the score in riskhigh patients
was related to mitigation of the type I IFN reaction, which exerted a pivotal effect on cancer
immunity monitoring, thus activating anticancer immune activity and facilitating cancer
eradication [62-66]. In addition, elevated activities of Tfh cells, Treg cells, Th1 cells, T cell coactivation, and T cell co-suppression in riskhigh
patients revealed that the immunoregulatory
role was disrupted in riskhigh patients. Thus, it is
rational to hypothesize that anticancer immune
activity is weakened in riskhigh patients, which
may significantly increase the likelihood of a
poor prognosis.
The different environments of immune, carcinoma, and matrix cells in the TME form a
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dynamic landscape, facilitating interactions
between tumors and immunocytes, and these
interactions may be affected by cancer type
[67, 68]. Tregs are an important component of
the microenvironment, characterized by the
expression of the transcriptional factor Foxp3,
which maintains immunity homeostasis and
prevents excess tissular impairment [69]. The
formation of Tregs relies on endocellular signaling stimulated by the T-cell receptor (TCR),
costimulatory molecules, and cytokines. In particular, the ICOS/ICOSL axis is pivotal for Treg
cell function by promoting Treg differentiative
activity by activating the PIK3/AKT signaling
pathway [70]. The expression of ICOSL in the
TME may be foundational in mediating the costimulation of cancer-infiltrating lymph cells as
a positive feedback mechanism that further
promotes AML cell proliferation [71]. In addition, cancer stem cell-like cells (CSCs) are selfrenewing cells that may have diverse origins,
such as long-lived stem cells and progenitor
cells, and converting from non-stem cells via
de-differentiation process [19, 72]. CSCs can
promote tumorigenesis, metastasis, and resistance to cancer therapy [73]. Transcriptomic
analysis of various tumor types indicated a
potential relationship between stemness and
immune signatures, suggesting that such biological interactions are vital in the development
of tumors [74]. Based on the ESTIMATE algorithm, the risk score was positively associated
with the immune score, implying that AML tissues were remarkably infiltrated by immunocytes in riskhigh patients.
According to the data of the NCI-60 lineage
cells, our team revealed that the elevated
expression levels of certain prognosis genes
were related to elevated drug tolerance to various chemotherapy drugs with FDA approval,
including dasatinib, midostaurin, etoposide,
lomustine, and azacitidine. For instance, increased INHBA and HRH1 expression levels
were related to the susceptibility of oncocytes
to dasatinib, which was accepted by the FDA
as a first-line therapy for AML in 2006. Furthermore, the MRP family is composed of 13
components, among which MRP1 to MRP9 act
as the primary transporters involved in triggering multidrug tolerance via the extrusion of
antitumor drugs from tumor cells [75]. In summary, the association between risk score and
medicine tolerance genes such as MRP3
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revealed that targeting camera medicine tolerance genes seem to be an effective treatment
for riskhigh patients with AML. These outcomes
revealed that certain prognosis genes are
expected to be utilized as treatment targets to
tackle medicine tolerance and auxiliary medicine susceptibility.
Conclusion
This study constructed a prognostic inflammation-associated signature composed of 11
DEGs to predict the OS of AML patients. The
signature was proven to be independently
related to OS in the training (TCGA and GTEx)
and ICGC verification cohorts. Further analyses
of biological function, TME, and drug susceptibility provided insights into the prediction of
AML prognoses. The underlying mechanism
between inflammatory response-associated
genes and cancer immune activity in AML
remains elusive and deserves further investigation. This study is expected to lay the groundwork for unveiling the effects of prognostic
inflammation-related signatures on tumorigenesis, especially in terms of immune response,
the TME, and drug tolerance, which is crucial
for developing individualized treatments for
AML.
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Supplementary Table 3. The primer sequences of the eleven prognostic genes
Gene
ACVR2A
CCL22
EBI3
END1
FFAR2
HRH1
ICOSLG
IL-10
INHBA
ITGB3
LAMP3

Forward Primer
GGAACTGGCTTCTCGCTGTACTG
TGTCCTCGTCCTCCTTGCTGTG
CATGGCTCCCTACGTGCTCAATG
ACTTCTGCCACCTGGACATCATTTG
TCCTGGTGTGCTTCGGACCTTAC
GATGCCAAGAAACCAGGGAAGGAG
AGAAGGAAGTCAGAGCGATGGTAGG
ACATCATTGTGTTTGGGAAGGC
CAAGGACATCGGCTGGAATGACTG
AGAAGAGCCAGAGTGTCCCAAGG
GAACAGAGCCTCCAGTTGTCAGC

Reverse Primer
GCACAACAACTTCCTGCATGTCTTC
AGGAGTCTGAGGTCCAGTAGAAGTG
GTCGGGCTTGATGATGTGCTCTG
CGGTCTGTTGCCTTTGTGGGAAG
AGACTGGCGTTGAGTGAACTGAAC
GACTTCAAGACAGATCCACCACCAG
GCTGTTCTGTGGGATGTGGTAGG
CCCTGCTCGTAATCTTCCACAT
TGCGGTAGTGGTTGATGACTGTTG
TCGGTCGTGGATGGTGATGAGG
TCAGACGAGCACTCATCCACATTTC

Supplementary Figure 1. Construction of an 11-gene signature in the TCGA cohort. A. Forest plots revealing the
results of the association between expression of 79 DEGs and OS. B. LASSO coefficient expression profiles of 21
candidate genes. C. The penalty parameter (λ) in the LASSO model was chosen through 10 cross-verifications.
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Supplementary Figure 2. Survival analysis of prognostic genes based on the optimumal cut-off expression value. TCGA cohort (A-K). (A) ACVR2A. (B) CCL22. (C) EBI3.
(D) EDN1. (E) FFAR2. (F) HRH1. (G) ICOSLG. (H) IL-10. (I) INHBA. (J) ITGB3. (K) LAMP3. All adjusted P < 0.05.
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Supplementary Figure 3. Every prognostic gene expression between AML samples and normal controls in TCGA cohort. A. ACVR2A. B. CCL22. C. EBI3. D. EDN1. E.
FFAR2. F. HRH1. G. ICOSLG. H. IL-10. I. INHBA. J. ITGB3. K. LAMP3.
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Supplementary Figure 4. Significant GO terms related to high-risk patients. A. Leukocyte cell adhesion. B. Regulation of leukocyte proliferation. C. Regulation of T
cell activation. D. T cell proliferation. E. Tumor necrosis factor mediated signaling pathway.

Supplementary Figure 5. Significant KEGG pathways related to high-risk patients. A. B cell receptor signaling pathway. B. Chemokine signaling pathway. C. Cytokine
receptor interaction. D. Fc-γ receptor mediated phagocytosis. E. Leishmania infection.
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