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Background: Acute myeloid leukemia (AML) is a highly heterogenous disease with varying clinical outcomes among patients. 
Epithelial-mesenchymal transition (EMT) is an important mechanism underlying cancer metastasis and chemotherapy resistance. 
However, few EMT-based signatures have been established to predict AML prognosis and treatment efficacy.
Methods: By conducting comparative RNA-seq analysis, we discovered the differential expression of EMT genes between AML 
patients with relapse and those without relapse. Based on the prognostic analysis of the differentially expressed EMT genes, 
a metastasis-related EMT signature (MEMTs) was constructed. An analysis was conducted on both TARGET and TCGA cohorts to 
explore the possible association between MEMTs and prognosis in AML. Three separate chemotherapy treatment cohorts were utilized 
to assess the predictive efficacy of MEMTs for chemotherapy response. In addition, the potential correlation between MEMTs and the 
tumor microenvironment was also investigated. Finally, random forest analysis and functional experiments were conducted to verify 
the key MEMTs gene associated with AML metastasis.
Results: Based on expression and prognostic analysis, we constructed MEMTs that include three EMT genes (CDH2, LOX, and 
COL3A1). Our findings suggested that the MEMTs could act as a prognostic factor for AML patients, and furthermore, it proved to be 
a predictor of their response to chemotherapy. Specifically, high MEMTs was associated with worse prognosis and poor response to 
chemotherapy, while low MEMTs was linked to better prognosis and higher response rates. Random forest and functional experiments 
demonstrate that CDH2 is a key gene promoting leukemia cell metastasis among the three MEMTs genes.
Conclusion: The identification of MEMTs could potentially act as a predictor for the prognosis and the response to chemotherapy in AML 
patients. Individual tumor evaluation based on MEMTs could provide personalized treatment options for AML patients in the future.
Keywords: acute myeloid leukemia, prognosis, metastasis, epithelial-mesenchymal transition, chemotherapy

Introduction
Acute Myeloid Leukemia (AML) is an intricate illness with diverse genetic alterations and heterogeneous clinical outcomes.1–3 It 
is a highly aggressive malignancy that is associated with high relapse rates and poor overall survival outcomes.4 Chemotherapy is 
an effective treatment for AML, but it is heterogeneous in its effectiveness.5 While many patients with AML respond well to 
chemotherapy and achieve remission, others may have a poorer response or experience relapse despite treatment. This hetero-
geneity is likely due to the genetic and clinical diversity of AML, as well as the varying responses of individual patients to 
chemotherapeutic agents.6–8 Therefore, there is a pressing need to create novel molecular markers that can precisely classify 
subtypes of AML patients who may derive greater benefits from specific treatment strategies.
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Epithelial-mesenchymal transition (EMT) is a biological phenomenon in which epithelial cells undergo 
a transformation and acquire mesenchymal characteristics, resulting in weakened cell-cell adhesion, enhanced motility, 
and invasiveness.9–11 The importance of EMT in tumorigenesis and tumor advancement lies in its ability to facilitate 
cancer cell invasion into adjacent tissues and spread to distant locations.12,13 Specifically, EMT facilitates the detachment 
of tumor cells from their primary site, as well as their migration into the circulatory system for eventual colonization in 
secondary organs. Moreover, EMT has been linked to drug resistance, immune evasion, and stem cell-like properties in 
cancer cells, further underscoring its impact on cancer pathogenesis.14–20 Currently, there is a growing interest in 
developing prognostic models for cancer using EMT features. Recent studies have shown that EMT-related gene 
expression signatures can predict patient survival and clinical outcomes across various cancer types, including breast, 
lung, and colon cancers.21–24 Additionally, a number of bioinformatic tools and algorithms have been developed to 
analyze EMT-related features and build predictive models using machine learning and other techniques. The potential of 
EMT-based prognostic models to improve cancer patient stratification and treatment decision-making continues to 
generate interest and investment in the research community.

In this study, our study involved establishing a MEMTs signature linked to AML metastasis and scrutinizing the 
transcriptomic, genomic, and tumor microenvironment facets of various MEMTs subtypes, alongside their reaction to 
chemotherapy treatment. We concluded that MEMTs is an effective prognostic biomarker that can reliably predict the 
response of AML to chemotherapy treatment.

Methods
Clinical Data Acquisition
We acquired mRNA-seq expression profiles and clinical data of patients with Acute myeloid leukemia from the TARGET 
database (https://ocg.cancer.gov/programs/target/data-matrix), The Cancer Genome Atlas (TCGA) database (https://tcga- 
data.nci.nih.gov/tcga/), and Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/). The GEO 
database includes the GSE10358, GSE107465, and GSE213056 cohort.

Identification of Differentially Expressed EMT Genes
To distinguish the expression patterns of EMT genes among relapsed and non-relapsed AML cases in the TARGET-AML 
dataset, we employed the limma package for differential gene expression analysis. The log2(fold change) > 1.5 and 
False-discovery rate (FDR) < 0.05 were filtered as the statistically significant.

Survival Prognosis Analysis
To evaluate and compare the rates of disease-free survival (DFS) and overall survival (OS) in AML patients, we 
employed Kaplan-Meier curves supplemented by the log rank test.

Least Absolute Shrinkage and Selection Operator (LASSO) Analysis
LASSO is a widely used method for regression analysis of high-dimensional data. It can identify gene pairs that are 
related to prognosis of AML by shrinking regression coefficients. We employed a grid search method in a 10-fold cross- 
validation process to determine the optimal penalty weight for the Lasso-Cox model. The LASSO method allowed us to 
reduce the coefficients of most genes to zero, while highlighting a small number of genes with non-zero coefficients, 
which were found to be significantly associated with AML prognosis. These genes were used to construct a MEMTs 
model. The MEMTs score was calculated as follows: 0.056×expression level of CDH2 + 0.029 × expression level of 
LOX + 0.026 × expression level of COL3A1. LASSO regression analysis allowed us to divide AML patients into 
MEMTs-low and MEMTs-high subtypes based on the median MEMTs score.
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Drug Sensitivity Analysis
To identify molecular compounds that could potentially be used for targeted therapy, we conducted a drug sensitivity analysis on 
MEMTs genes utilizing the Gene Set Cancer Analysis (GSCA) website (http://bioinfo.life.hust.edu.cn/web/GSCALite/)25 as 
a tool in our study.

Single-Cell Level Analysis
The Tumor Immune Single-cell Hub 2 (TISCH2)26 is a dedicated platform that focuses on the tumor microenvironment (TME), 
leveraging scRNA-seq database (http://tisch.comp-genomics.org/home/) to provide a rich, detailed and comprehensive set of cell- 
type annotations at the single-cell level. This platform enables us to investigate the intricacies of the TME in various types of 
cancer.

Cell Culture
HL-60 cells were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA) and were cultured 
in RPMI1640 medium containing 10% FBS. The cells were seeded in 6-well plates at 5.0×105 cells/well. The culture 
medium was changed every two days, and the cells were subcultured using 0.25% trypsin/EDTA solution when they 
attained about 80% confluency.

Cell Transfection
Transfection of CDH2-shRNA plasmids and control plasmids was performed according to the Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) manual. HL-60 cells with stable transfection of CDH2 shRNA were selected by 700 μg/mL G418 (Sigma, 
Louis, MI, USA) for 1 week and maintained with 100 μg/mL G418. The target sequence of CDH2-shRNAs is described as 
follows:CDH2-shRNA1:5’-CACCGCTGGGCAACAATTCTCCTTTTCAAGAGAAGGAGAATTGTTGCCCAGCTTTTG 
-3’;CDH2-shRNA2:5’-CACCGCGCAGTATAATTTTCTCCATACTCGAGTATGGAGAAATTATACTGCGCTTTTTG-3’.

Real-Time Quantitative PCR
The total RNA was isolated using Trizol reagent (Invitrogen, Carlsbad, CA, USA). cDNA template was obtained by 
TaKaRa reverse transcription reagents (TaKaRa, Dalian, China). Real-time quantitative PCR was carried out using SYBR 
Green PCR kit (Takara, Dalian, China). The reaction mixture (20 µL) contained 2 µL cDNA, 10 µL RT-qPCR-Mix, 0.5 
µL forward primer, 0.5 µL reverse primer, and 7 µL ddH2O. The reaction conditions involved an initial denaturation at 
95°C for 10 minutes followed by 40 cycles of 95°C for 1 minute and 60°C for 30 seconds. GAPDH was utilized as an 
internal control. Primer sequences were as follows: CDH2 forward 5’-GGCTTAATGGTGATTTTGCTCAG-3’; CDH2 
reverse 5’-TCCATACCACAAACATCAGCAC-3’. GAPDH forward 5’-CCTGCACC ACCAACTGCTTAG-3’; GAPDH 
reverse:5’-GTGGATGCAGGGATGATGTTC-3’.

Cell Counting Kit-8 (CCK8) Assay
To evaluate the impact of CDH2 knockdown on cell proliferation, we conducted CCK8 assays. In brief, HL-60 cells were seeded 
at a density of 1.0×104 cells per well in 96-well plates supplemented with 100 μL of complete medium. After 24, 48, and 72 hours 
of incubation, 10 μL of CCK8 reagent was introduced to every well and left to incubate for 2 hours at 37°C. At that point, 
a microplate reader was employed to determine absorbance levels at 450 nm.

Transwell Assay
Transwell assay was used to detect the invasiveness of cells. Transwell chambers were placed in 24-well plates. The upper 
chamber was coated with culture matrix and 1×105 cells were added to the upper chamber in 200 μL of medium. The lower 
chamber was filled with 500 μL of complete medium. After incubation at 37°C and 5% CO2 for 24 hours, the migrated cells on the 
lower surface of the filters were quantified by crystal violet staining.

Drug Design, Development and Therapy 2023:17                                                                             https://doi.org/10.2147/DDDT.S415521                                                                                                                                                                                                                       

DovePress                                                                                                                       
1653

Dovepress                                                                                                                                                               Qu et al

Powered by TCPDF (www.tcpdf.org)

http://bioinfo.life.hust.edu.cn/web/GSCALite/
http://tisch.comp-genomics.org/home/
https://www.dovepress.com
https://www.dovepress.com


Statistical Analysis
Statistical analysis was carried out using GraphPad Prism software (San Diego, USA). The data are expressed as mean ±  
standard error of the mean (SEM), and p-values <0.05 were deemed statistically significant.

Results
Identification of EMT Genes Associated with AML Metastasis
By analyzing the TARGET-AML cohort, we investigated the differential expression of EMT genes between metastasis 
and non-metastasis AML. Thirteen EMT genes (BGN, CDH2, COL1A1, COL1A2, COL3A1, CXCL12, LOX, LOXL1, 
MAGEE1, MXRA5, SFRP1, TNFRSF11B, VCAM1) were found to be significantly upregulated in metastasis AML and 
identified as potential genes associated with disease metastasis (Figure 1A). Subsequent analysis focused on these genes. 
Chromosomal distribution analysis revealed that the genes, except for BGN, MAGEE1, and MXRA5 which are located 
on sex chromosomes, are located on autosomes (Figure 1B). Through Spearman correlation analysis, we found that the 
majority of EMT genes exhibited significant correlations with other genes (Figure 1C). Our functional analysis demon-
strated that these genes are capable of activating the EMT pathway while simultaneously inhibiting cell growth 
(Figure 1D). These findings suggest that these genes may hold substantial influence over cancer progression and 
metastasis. Given the crucial role of gene mutations in cancer progression, we investigated the mutation patterns of 13 
EMT genes in AML patients. Our analysis identified MXRA5 as the gene with the highest mutation frequency (2.1%), 
followed by COL1A1 (1.4%), COL3A1 (0.7%), and VCAM1 (0.7%). The remaining genes had the lowest mutation 
frequency of 0% (Figure 1E). In addition, our overall survival and disease-free survival analyses revealed that only 
CDH2, LOX, and COL3A1 were significantly associated with poor prognosis in AML patients among the 13 genes 
examined (Figure 1F and G). These findings suggest that CDH2, LOX, and COL3A1 may serve as potential prognostic 
biomarkers for AML, while the other genes may have a less significant impact on patient outcomes.

Construction of a MEMTs-Based Prognostic Model
To establish a prognostic model, we employed LASSO regression analysis using the expression levels of CDH2, LOX, and 
COL3A1 genes. Figures 2A and B depict the process of building the metastasis related epithelial-mesenchymal transition-related 
signature (MEMTs) model. The MEMTs score was calculated as follows: 0.056×expression level of CDH2 + 0.029 × expression 
level of LOX + 0.026 × expression level of COL3A1. LASSO regression analysis allowed us to divide AML patients into 
MEMTs-low and MEMTs-high subtypes based on the median MEMTs score. Figure 2C displays the expression patterns of the 
three genes in both subtypes, along with their survival status and survival time. The results of our survival analysis indicated 
a significant difference in overall survival between patients with MEMTs-high subtype and MEMTs-low subtype, with the former 
exhibiting poorer outcomes compared to the latter. (Figure 2D). To validate the robustness of the prognostic model, we further 
confirmed our findings in an independent cohort (TCGA-AML) by categorizing AML patients into MEMTs-low and MEMTs- 
high subtypes using the median MEMTs score. Consistent with the results from the TARGET cohort, we found that MEMTs-high 
patients exhibited significantly worse overall survival than MEMTs-low patients (Figure 2E), supporting the notion that MEMTs 
can serve as a reliable predictor of AML prognosis.

Characterization of Molecular Signatures of MEMTs Low and High Subtypes in AML
Subsequently, we conducted a genomic analysis to compare the alterations found in MEMTs-low and MEMTs-high subtypes in 
AML patients. The top 20 mutated genes are generally similar between the two subtypes in terms of frequency (Figure 3A and B). 
We analyzed the impact of these genetic mutations on the prognosis of AML patients, and the results showed that patients with 
mutations in the DMNT3A, FTL3, TP53, and RUNX1 genes had significantly worse prognoses than those without mutations 
(Supplementary Figure 1). Additionally, we found that the mutation rates of these genes were significantly higher in the MEMTs- 
high subtype of patients compared to the MEMTs-low subtype. KRAS (Kirsten rat sarcoma viral oncogene homolog) gene 
mutation and IDH1 gene mutation are common genetic mutations that occur in AML. KRAS gene mutation can promote the 
proliferation of hematopoietic cells, leading to the development of AML. IDH1 gene mutation can cause metabolic pathway 
disorders and exacerbate the development of AML. Both genetic mutations are crucial in both the progression and management of 

https://doi.org/10.2147/DDDT.S415521                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2023:17 1654

Qu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=415521.doc
https://www.dovepress.com
https://www.dovepress.com


leukemia, so they are highly valued in the research and clinical treatment of AML. Therefore, we analyzed the differences in 
KRAS and IDH1 mutations between the two subtypes. Our findings revealed that the occurrence of KRAS (8%) and IDH1 (23%) 
mutations were higher in the MEMTs-high subtype as opposed to the MEMTs-low subtype, where rates of these mutations were 
relatively lower (KRAS: 2.5%, IDH1: 10%) (Figure 3C and D). Tumor mutation burden (TMB) has emerged as a promising 
indicator for immune therapy, owing to the production of immunogenic neoantigens. Our findings suggest that there is 
a discrepancy in TMB between the MEMTs-low and MEMTs-high subtypes, with the former exhibiting a higher level of 
TMB (Figure 3E).

Figure 1 Analysis of genetic variations and correlations of EMT genes in AML. (A) The volcano plot shows the DEG between non-recurrent AML and recurrent AML. (B) 
Distribution of 13 EMT genes on chromosomes. (C) Spearman correlation analysis of the 13 genes. (D) Relationship between 13 genes and pathways. (E) OS survival 
analysis of the 13 genes. (F) DFS survival analysis of the 13 genes. (G) Oncoplots show the mutation status of the 13 genes in AML patients from the TCGA database. 
*p <0.05; **p <0.01; ***p <0.001; ****p <0.0001.
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MEMTs Predicts AML Response to Chemotherapy Treatment
Various clinical studies have demonstrated the efficacy of adjuvant chemotherapy in improving the prognosis of AML patients. 
However, resistance triggered by EMT poses a significant challenge to chemotherapy response. To further explore this relation-
ship, we evaluated the correlation between drug sensitivity and MEMTs gene expression using the CTRP database. Our analyses 
revealed a positive association between MEMTs gene expression and IC50 values of anti-cancer drugs (Figure 4A). These 
findings can be utilized to guide the design of novel and improved chemotherapy protocols.

Next, we conducted an analysis of the correlation between MEMTs and AML patient prognosis, as well as complete remission 
in the context of chemotherapy treatment, using three different datasets: GSE10358, GSE107465, and GSE213056. While 
GSE10358 did not have chemotherapy CR data available, we focused our analysis on the relationship between MEMTs and 
overall survival in this dataset. In contrast, GSE107465 and GSE213056 had chemotherapy response data available, so we 
analyzed the correlation between MEMTs and complete remission in these dataset.

Firstly, we examined the relationship between MEMTs expression and overall survival in a cohort of 91 patients who received 
chemotherapy treatment in the GSE10358 dataset. Notably, our findings indicated that patients classified as MEMTs-low subtype 
exhibited significantly improved overall survival rates compared to those classified as MEMTs-high subtype (Figure 4B). 

Figure 2 Construction of a MEMTs-Based prognostic model. (A and B) By utilizing the LASSO-Cox regression model, coefficients were calculated which enabled the 
derivation of MEMTs. (C) Through analysis and visualization of the distribution of risk scores, survival status, and corresponding heatmap of gene expression levels for each 
patient. (D and E) Kaplan-Meier analysis was employed to determine the prognostic significance of MEMTs with respect to overall survival in two distinct cohorts: the (D) 
TARGET-AML cohort and the (E) TCGA-AML cohort.
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Furthermore, in the GSE107465 cohort, 30 AML patients who underwent chemotherapy were divided into two subgroups: those 
with complete remission after treatment (n=15) and those without complete remission after treatment (n=15). We analyzed the 
MEMTs in both subgroups and found that the subgroup with complete remission had significantly lower MEMTs compared to the 

Figure 4 Correlation of three MEMTs genes to chemotherapy drugs. (A) The correlation between drug sensitivity in GDSC and the expression of three MEMT genes. (B) Kaplan- 
Meier plot shows the overall survival (OS) of AML patients (GSE10358 cohort) who received chemotherapy treatment, stratified by low and high subgroups based on MEMTs. (C) 
Differential analysis of MEMTs between AML patients with complete remission and those without complete remission after chemotherapy treatment (GSE107465 cohort). (D) 
Differential analysis of MEMTs between AML patients who responded to chemotherapy treatment and those who did not respond (GSE213056 cohort). *p <0.05; **p <0.01.

Figure 3 Characterization of molecular features of the MEMTs low and high subtypes. (A and B) Oncoplots show the genomic landscape of (A) MEMTs low subtype and 
(B) MEMTs high subtype. (C and D) The mutation status of (C) KRAS gene and (D) IDH1 gene between MEMTs low and MEMTs high subtypes. (E) Difference in tumor 
mutation burden (TMB) between MEMTs low and high subtypes. **p <0.01.
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subgroup without complete remission (Figure 4C). Similarly, in the GSE213056 cohort, which included 11 patients with AML 
who received chemotherapy treatment, we analyzed the MEMTs in subgroups of patients with/without response to treatment. Our 
data revealed a distinct difference in MEMTs value between responders and non-responders to treatment, with significantly lower 
MEMTs value observed in the responsive subgroup compared to the non-responsive subgroup (Figure 4D).

Taken together, these findings suggest that MEMTs may serve as a potential predictive biomarker for chemotherapy response 
in AML patients. It is important to note, however, that caution must be exercised when interpreting these results due to the limited 
sample size. Nevertheless, our results underscore the possibility of using MEMTs expression levels to identify AML patients who 
are likely to benefit from chemotherapy treatment.

The Relation Between MEMTs and Tumor Microenvironment in AML
To explore the relationship between MEMTs subtypes and immune microenvironment in AML, we investigated the distribution 
of 22 infiltrating immune cells across MEMTs-low and MEMTs-high subtypes. Our analysis revealed that the MEMTs-high 
subtype exhibited a statistically significant increase in immunosuppressive cell infiltration, including T cells CD4 memory resting, 
T cells CD4 memory activated, T cells gamma delta, and Neutrophils (as depicted in Figure 5A). Furthermore, we observed that 

Figure 5 The correlation between MEMTS and the AML microenvironment. (A) Box plots showing the relationship between MEMTS subtypes and the infiltration of 22 
immune cells. (B) Differential analysis of cancer-associated fibroblasts (CAF) between low and high MEMTS subtypes. (C) Spearman analysis showing the correlation 
between MEMTS and known gene characteristics. (D) Gene enrichment results for different MEMTS subtypes. NS, p >0.05; *p <0.05. ***p <0.001.
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the MEMTs-high subtype had higher infiltration of cancer-associated fibroblasts (CAFs) compared to the MEMTs-low subtype 
(shown in Figure 5B). It is important to note that these findings highlight the potential role of MEMTs in shaping the immune 
microenvironment, which could influence AML tumor progression and treatment response. To assess the function of MEMTs, we 
investigated their association with established molecular characteristics (Figure 5C). We observed positive correlations between 
MEMTs and several features including EMT, Mitotic spindle, G2M checkpoint, Androgen response, Protein secretion, Unfolded 
protein response, Mtorc1 signaling, E2F targets, and MYC targets V1. Further analysis using ssGSEA revealed enriched 
carcinogenic pathways, such as WNT beta-catenin, KRAS signaling, and EMT, in the MEMTs-high subtype (Figure 5D). The 
results of our study indicate a link between MEMTs and TME, which sheds light on the potential predictive role of MEMTs in 
response to AML adjuvant chemotherapy.

The emergence of single-cell RNA sequencing (scRNA-seq) has presented a potent approach to explore the molecular 
features of individual cells and attain improved insights into the TME, thus reducing redundancy in research. To clarify 
the function of MEMTs within the TME, we conducted an analysis of the GSE16256 cohort. This cohort was derived 
from scRNA-seq experimentation utilizing Smart-seq2 on 21 AML patients. Using the UMAP algorithm, the filtered 
38,348 cells were divided into 13 cell clusters (Figure 6A). Subsequently, we investigated the expression of three 
MEMTs genes. CDH2 and LOX were highly expressed in plasma cells, progenitor cells and Hematopoietic Stem Cells 
(HSC) (Figure 6B and C), while COL3A1 was highly expressed in Proliferating T cells (Figure 6D).

Random Forest Diagnostics and Functional Experiments to Identify Significant Genes
Based on random forest analysis of the three MEMTs genes, we identified important genes related to AML relapse. Our 
analysis revealed that CDH2 was the most significant gene among them (Figure 7A). We then proceeded to knock down 
CDH2 expression in HL-60 cells (Figure 7B). Results from CCK-8 assays indicated that downregulating CDH2 
expression did not affect cell proliferation (Figure 7C); however, invasion assays demonstrated that downregulation of 
CDH2 significantly suppressed cell invasion abilities (Figure 7D). These findings highlight the critical role of CDH2 in 
AML progression.

Discussion
AML is a hematological malignancy that impacts the bone marrow and blood cells.27 The disease progresses rapidly and 
has a serious impact on human health. While there have been improvements in the treatment of AML, metastasis remain 
major threats for AML patients.28 One important process involved in tumor metastasis is EMT, which enhances the 
tumor’s ability to spread. In this study, we analyzed the differential expression and prognostic value of EMT-related 
genes between leukemia patients with or without metastasis. Subsequently, we identified a gene set consisting of 3 genes 
(CDH2, LOX, COL3A1) and constructed MEMTs to predict the survival rate of AML and its response to chemotherapy.

CDH2, also known as N-cadherin, is a transmembrane glycoprotein involved in cell adhesion and motility. Many studies 
have shown that CDH2 expression is dysregulated in different tumors. Specifically, CDH2 expression is upregulated in 
breast, prostate, colon, lung, and ovarian cancers,29–32 while it is downregulated in gliomas.24 CDH2 overexpression has 
been implicated in promoting tumor invasion and metastasis by enhancing the migratory and invasive ability of cancer cells 
through activation of multiple signaling pathways. On the other hand, CDH2 downregulation or inhibition has been shown 
to decrease cancer cell migration and invasion. LOX is a copper-dependent enzyme involved in the cross-linking of 
collagen and elastin fibers in the extracellular matrix (ECM). Recent research has shown that LOX is integral to cancer 
advancement and metastasis, as it exerts influence over the structure and composition of the ECM. Elevated levels of LOX 
have been noted in diverse cancer cell types, such as breast, pancreatic, and colorectal cancer.33–36 Overexpression of LOX 
facilitates the invasion, migration, and metastasis of tumor cells. COL3A1 is a crucial constituent of the extracellular matrix 
(ECM). Current research has demonstrated that COL3A1 plays a pivotal function in tumor advancement, and metastasis by 
influencing tumor cell invasion and migration. COL3A1 overexpression has been discovered in multiple cancer cell types, 
including breast, ovarian, and colorectal cancer.37,38

More and more studies have revealed the important relationship between genetic mutations and tumor metastasis. 
Mutations in KRAS genes play a critical role in the pathogenesis of various hematologic malignancies, including AML. 
These mutations lead to constitutive activation of the KRAS pathway, which promotes cell proliferation, survival, and 
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differentiation, thereby contributing to AML initiation and progression. A commonly observed genetic mutation in AML 
is the IDH1 gene mutation, which exerts a significant influence on its development and progression. For example, recent 
research shows that IDH1 mutations are closely associated with AML incidence and prognosis, with additional clinical 
value in older adults, giving guidance to patient treatment strategies. Our analysis results indicate that the MEMTs-high 
subgroup has a higher mutation rate of RAS and IDH1 genes compared to the MEMTs-low subgroup. TMB has emerged 
as a crucial factor in augmenting the effectiveness of immunotherapy in cancer treatment due to the heightened presence 
of tumor neoantigens. Our results also indicate that MEMTs-high subgroup exhibit lower TMB, whereas MEMTs-low 
subgroup show the opposite trend.

AML is usually treated with chemotherapy as one of the primary treatment options. Due to the continuous 
proliferation of AML cells and the presence of many gene abnormalities, chemotherapy drugs can be used to kill or 

Figure 6 The distribution of MEMTs in the tumor microenvironment. (A) UMAP plot showing 13 cell types from 38,348 cells. (B) Expression of CDH2 gene in the 13 cell 
types. (C) Expression of LOX gene in the 13 cell types. (D) Expression of COL3A1 gene in the 13 cell types.
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inhibit the growth of these cells, thereby achieving the goal of controlling and treating AML. However, not all AML 
patients respond effectively to chemotherapy. Some patients do not respond to chemotherapy drugs while others tend to 
relapse after treatment. Our research has found that compared to the MEMTs-high subgroup, patients in the MEMTs-Low 
subgroup have a better prognosis after chemotherapy treatment. In addition, we found that the MEMTs values of AML 
patients who responded to chemotherapy treatment were lower than those of AML patients who did not respond to 
chemotherapy treatment. All of the above results indicate that MEMTs is a useful predictive tool for chemotherapy 
treatment in AML.

However, we acknowledge the limitations of our study, including the small sample size and conventional chemother-
apy drugs of AML were less in Figure 4A, which may limit the generalizability of our findings. While our results only 
hint at a trend, they nonetheless provide a promising avenue for future research in this area.

Based on random forest analysis of 13 differential expression of EMT genes, we identified CDH2 as the most 
significant gene related to AML relapse. The cell functional experiments indicate that knocking down CDH2 does not 
affect the proliferation ability of AML cells, but it does suppress the invasion ability of the cells. A study has found that 
the expression of CDH2 can enhance the resistance of AML cells to chemotherapy drugs. These studies suggest that by 
inhibiting the expression of CDH2, we may be able to reduce the metastatic potential and drug resistance of AML cells, 
which can ultimately improve clinical outcomes. However, more research is needed to better understand the underlying 
mechanisms involved in CDH2-mediated tumor metastasis in AML. Further investigations may also help identify 
potential therapeutic targets and strategies for the treatment of AML.

Conclusion
In conclusion, we have developed an MEMTs score for the purpose of categorizing AML patients across various cohorts. 
Through this approach, we have delved into the underlying mechanisms that give rise to distinct characteristics between 
samples with high and low MEMTs. This work has contributed to our comprehension of EMT advancement in AML. Our 
findings indicate that MEMTs may be utilized as a means of stratifying patients and identifying those who are inclined to 
benefit most from chemotherapy treatments.

Figure 7 CDH2 knockdown inhibits HL-60 cells proliferation and invasion capability. (A) Random Forest feature importance ranking for the 13 EMT genes. (B) Detection of 
CDH2 expression in HL-60 cells by RT-PCR. (C) CCK8 experiment to assess the effect of CDH2 on HL-60 cells proliferation. (D) Trans-well experiment to evaluate the 
impact of CDH2 on HL-60 cells invasion capability. **p <0.01.
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