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Abstract
Wnt-Fzd signalling pathway plays a critical role in acute myeloid leukaemia (AML) 
progression and oncogenicity. There is no study to investigate the prognostic value 
of Wnt and Fzd gene families in AML. Our study screened 84 AML patients receiv-
ing chemotherapy only and 71 also undergoing allogeneic haematopoietic stem cell 
transplantation (allo-HSCT) from the Cancer Genome Atlas (TCGA) database. We 
found that some Wnt and Fzd genes had significant positive correlations. The expres-
sion levels of Fzd gene family were independent of survival in AML patients. In the 
chemotherapy group, AML patients with high Wnt2B or Wnt11 expression had sig-
nificantly shorter event-free survival (EFS) and overall survival (OS); high Wnt10A ex-
pressers had significantly longer OS than the low expressers (all P < .05), whereas, in 
the allo-HSCT group, the expression levels of Wnt gene family were independent of 
survival. We further found that high expression of Wnt10A and Wnt11 had independ-
ent prognostic value, and the patients with high Wnt10A and low Wnt11 expression 
had the longest EFS and OS in the chemotherapy group. Pathway enrichment analy-
sis showed that genes related to Wnt10A, Wnt11 and Wnt 2B were mainly enriched in 
‘cell morphogenesis involved in differentiation’, ‘haematopoietic cell lineage’, ‘platelet 
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1  | INTRODUC TION

The Wingless-Int (Wnt) gene family consists of 19 structurally re-
lated genes that encode secreted lipid-modified glycoproteins. 
These proteins initiate canonical and non-canonical signalling cas-
cades through the transmission of Frizzled (Fzd) transmembrane re-
ceptors and lipoprotein-related protein (Lrp) single-transmembrane 
co-receptors.1,2 Wnt signalling pathway regulates a series of cellular 
processes such as proliferation, differentiation, migration and apop-
tosis, and maintains the balance between self-renewal and differen-
tiation of stem cells involved in the pathogenesis of multiple types 
of human cancers.3,4 In haemopoietic tissues, Wnts not only play an 
essential role in the maturation of haemopoietic stem cells (HSCs) 
into mature blood cells, but also participate in myelopoiesis by reg-
ulating erythron- and thrombopoiesis.5,6 Almost all members of the 
Wnt and Fzd gene families are expressed at least to some extent in 
different haematopoietic sits during development.7 Therefore, Wnt 
signalling activity is critical in the precise regulation of normal hae-
mopoiesis, while abnormal expression of components of Wnt-Fzd 
signalling pathway can induce leukaemia.4

Acute myeloid leukaemia (AML) is a highly heterogeneous dis-
ease and belongs to clonal tumours originating from HSCs or my-
eloid cell precursors. It is associated with excessive proliferation of 
progenitor cells and differentiation of cell-cycle arrest.8 The role of 
Wnt signalling in the pathogenesis of leukaemia has attracted much 
attention in recent years. Müller-Tidow et al first found that the ac-
tivation of Wnt signalling is a common feature of several balanced 
translocations in AML.9 A study showed that poor survival of AML 
patients is associated with the hypermethylation of Wnt genes with-
out changes in expression levels.10 Wnt5a, as a tumour suppressor in 
the Wnt gene family, exhibits decreased expression in AML cells.11 
However, Wnt4 ligand regulates leukaemic cell growth by blocking 
cells to G1 cell-cycle phase in an Fzd6-independent manner.12 The 
overexpression of Fzd4 receptor in AML makes it highly sensitive to 
the activity of Wnt ligands.13 In addition, Fzd3 expression is higher 
in AML patients compared with normal group.14 Therefore, the role 
of Wnt and Fzd gene families in the pathogenesis, development and 
prognosis of AML cannot be ignored.

Gene mutation and expression profiles are associated with AML 
progression and prognosis. Nucleophosmin 1 (NPM1) and fms-like 
tyrosine kinase 3-internal duplication (FLT3-ITD) mutations occur in 

50% and 30% of AML patients, respectively, and have negative im-
pact on AML prognosis.15 Our previous studies found that individual 
genes in the same gene family (FUT, DOK and PAK families) have dif-
ferent prognostic value in AML.16-18 To investigate the prognostic 
significance of Wnt-Fzd signalling pathway in AML, we analysed the 
effects of Wnt and Fzd gene families on survival of AML patients 
who either received chemotherapy alone or followed by allogeneic 
haematopoietic stem cell transplantation (allo-HSCT) and dug deep 
into the underlying mechanism.

2  | METHODS

2.1 | Patients

The study screened 84 AML patients who received chemother-
apy only and 71 who also underwent allo-HSCT from the Cancer 
Genome Atlas (TCGA) database (https://cance rgeno me.nih.gov/). 
We obtained the complete Wnt (Wnt1, Wnt2B, Wnt4, Wnt5B, Wnt6, 
Wnt8B, Wnt10A, Wnt11 and Wnt16) and Fzd (Fzd1 to Fzd9) expres-
sion data in peripheral blood of 155 AML patients at diagnosis. 
Next, plenty of clinical and molecular characteristics were col-
lected, including age, gender, race, white blood cell (WBC) counts, 
bone marrow (BM) blasts, peripheral blood (PB) blasts, French-
American-British (FAB) subtypes and the frequencies of known 
recurrent genetic mutations. We also collected follow-up data in 
these patients including event-free survival (EFS) and overall sur-
vival (OS) and defined them as the end points. EFS refers to the 
time from diagnosis to the first event including relapse and death 
or was censored at the last follow-up. OS refers to the time from 
diagnosis to death from any cause or the last follow-up. Another 
independent cohort (GSE12417) was used to verify the results of 
aforesaid cohort.

2.2 | Statistical analysis

Clinical characteristics of patients were displayed in descriptive sta-
tistics. The associations between Wnt and Fzd gene families were 
assessed by Spearman correlation analysis. The differences of two 
groups in numerical data and categorical data were calculated by 

activation, signalling and aggregation’ and ‘mitochondrial RNA metabolic process’ sig-
nalling pathways. Our results indicate that high Wnt2B and Wnt11 expression predict 
poor prognosis, and high Wnt10A expression predicts favourable prognosis in AML, 
but their prognostic effects could be neutralized by allo-HSCT. Combined Wnt10A 
and Wnt11 may be a novel prognostic marker in AML.

K E Y W O R D S

acute myeloid leukaemia, allo-HSCT, chemotherapy, prognosis, Wnt-Fzd signalling pathway
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Mann-Whiney U test and Chi-square test, respectively. Univariate 
(Kaplan-Meier method and the log-rank test) and multivariate 
(Cox proportional hazard model) analyses were used to evaluate 
whether Wnt and Fzd gene expression could predict EFS and OS. 
Spearman correlation analysis was further used to screen gene ex-
pression profiles related to Wnt genes with prognostic significance. 
Then we used StringDB (https://strin g-db.org) for online protein-
protein interaction (PPI) analysis, used Cytoscape to visualize the 
results and used CytoHubba for hub gene screening. Finally, we 
used Metascape (http://metas cape.org/) to perform pathway en-
richment analysis of gene expression profiles related to Wnt genes. 
A two-tailed P < .05 was defined as statistically significant. The 
SPSS 24.0 statistical software and R 3.5.0 software were used for 
statistical analyses, and the graphics were drawn by GraphPad 
Prism 7.0 software.

3  | RESULTS

3.1 | Association between Wnt and Fzd gene 
families in AML

Figure 1A shows that there were positive correlations between the 
expression of some genes from Wnt and Fzd families in AML pa-
tients undergoing chemotherapy only, and their correlation coef-
ficients range from 0.215 (Wnt11 and Fzd7) to 0.449 (Wnt5B and 
Fzd5). Figure 1B shows that there were also positive correlations 
between the expression of some genes from Wnt and Fzd families 

in AML patients receiving allo-HSCT, and their correlation coef-
ficients range from 0.239 (Wnt10A and Fzd8) to 0.531 (Wnt11 and 
Fzd7).

3.2 | Prognostic value of Wnt and Fzd gene families 
in AML

According to the median expression levels of Wnt and Fzd family 
members, AML patients in chemotherapy and allo-HSCT groups 
were divided into high and low expression subgroups. Table 1 and 
Table S1 present the differences of EFS and OS between high and 
low Wnt and Fzd gene expression subgroups. The expression lev-
els of all Fzd genes were not associated with EFS and OS in both 
groups except that the expression of Fzd1 affected EFS in the allo-
HSCT group. All Wnt genes were also independent of survival in 
the allo-HSCT group (all P > .05). In the chemotherapy group, AML 
patients with high Wnt2B expression had significantly shorter 
EFS and OS compared with low Wnt2B expressers (all P < .05, 
Figure 2A,B); high Wnt11 expressers had significantly shorter EFS 
and OS than low expressers (all P < .001, Figure 2E,F), whereas 
high Wnt10A expression had favourable effect on OS (P = .043, 
Figure 2D).

The verified results showed that AML patients with high Fzd3 
or Fzd5 expression had significantly longer OS; high expression of 
Wnt4, Wnt6 and Wnt7B also had positive effects on OS, while AML 
patients with high Wnt2B or Wnt16 expression had significantly 
shorter OS (all P < .05, Figure S1 and Figure S2).

F I G U R E  1   Heatmap of correlation between Wnt and Fzd gene families in patients who received chemotherapy (A) and allogeneic 
haematopoietic stem cell transplantation (B). Blue represents significant positive correlation, red represents significant negative correlation 
and a darker colour indicates a stronger correlation; blank represents no statistically significant correlation
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3.3 | Association of Wnt2B/10A/11 expression 
with clinical and molecular characteristics in the 
chemotherapy group

As shown in Table 2, Wnt2Bhigh group had fewer AML-M4 patients 
than the Wnt2Blow group (P = .040). No significant differences were 
found in age, gender, race, WBC, BM blasts, PB blasts, other FAB 
subtypes, karyotype, risk stratification, relapse ratio and frequency 
of recurrent genetic mutations (FLT3, NPM1, DNMT3A, IDH1/IDH2, 
RUNX1, NRAS/KRAS, TET2, TP53 and MLL) between the Wnt2Blow 
and Wnt2Bhigh groups (all P > .05).

Wnt10Ahigh group had lower WBC (P = .006), BM blasts 
(P < .001) and PB blasts (P = .001) and more FAB-M4 patients 
(P = .040) than the Wnt10Alow group. Other clinical and molecu-
lar characteristics including age, gender, race, FAB subtypes (M0, 
M1, M2, M5, M6, and M7), karyotype, risk stratification, relapse 
ratio and frequency of recurrent genetic mutations (FLT3, NPM1, 
DNMT3A, IDH1/IDH2, RUNX1, NRAS/KRAS, TET2, TP53 and MLL) 
showed no significant differences between the two groups (all 
P > .05).

Compared with Wnt11low group, Wnt11high group had fewer 
patients with complex karyotype (P = .024), fewer intermediate 
(P = .028) and more poor risk patients (P = .028), and more frequent 
IDH1/IDH2 (P = .046) and fewer TP53 (P = .024) mutations. No sig-
nificant differences were observed in age, gender, race, WBC, BM 
blasts, PB blasts, FAB subtypes, relapse ratio and other frequency of 
recurrent genetic mutations (FLT3, NPM1, DNMT3A, RUNX1, NRAS/
KRAS, TET2 and MLL) (all P > .05).

3.4 | Multivariate analysis of possible prognostic 
factors in the chemotherapy group

In order to further evaluate independent prognostic value of 
Wnt2B/10A/11 in patients treated with chemotherapy only, expres-
sion levels of Wnt2B/10A/11 (high vs. low), age (≥60 vs. <60 years), 
WBC (≥15 vs. <15 × 109/L), BM blasts (≥70 vs. <70%), PB blasts (≥20 
vs. <20%), FLT3-ITD (positive vs. negative) and some genetic muta-
tions (NPM1, DNMT3A, IDH1/IDH2, RUNX1, NRAS/KRAS, TET2, TP53 
and MLL; mutated vs. wild) were included in multivariate analysis. As 
presented in Table 3, high Wnt11 expression was an independent risk 
factor for EFS and OS, along with age ≥ 60, BM blasts ≥ 70% and muta-
tions in DNMT3A, RUNX1, TP53 and MLL (all P < .05); high Wnt2B ex-
pression and WBC count ≥ 15×109/L were independent risk factors for 
EFS (all P < .05), whereas high Wnt10A expression was an independent 
favourable factor for EFS (HR = 0.0560, P = .038) and OS (HR = 0.514, 
P = .018).

3.5 | Joint prognostic effects of Wnt10A and Wnt11 
on AML

On the basis of multivariate analysis, we analysed the combined 
effects of Wnt10A and Wnt11 on prognosis of AML patients re-
ceiving chemotherapy only (Figure 3). We found that patients with 
high Wnt10A and low Wnt11 expression had significantly longer 
EFS and OS than those in Wnt10A/Wnt11high (EFS: P = .013, OS: 
P = .013) and Wnt10Alow/Wnt11high (EFS: P < .001, OS: P < .013) 
subgroups. No significant differences of EFS and OS were no-
ticed between the Wnt10Ahigh/Wnt11low and Wnt10A/Wnt11low 
subgroups.

3.6 | Potential mechanism of Wnt2B/10A/11 in AML

Our further analysis indicated that the expression of Wnt2B, 
Wnt10A and Wnt11 were significantly correlated with 2337 genes, 
3366 genes and 2147 genes, respectively (Figure 4A). Among the 
intersections of three related gene groups, the number of genes 
related to both Wnt10A and Wnt11 was the largest (369 genes), and 
the proteins encoded by these genes had a complex interaction net-
work. The interaction network of proteins encoded by hub genes 

TA B L E  1   Comparison of EFS and OS between high and low 
expression of the Wnt gene family

Variables

EFS OS

χ2 P-value χ2 P-value

Chemotherapy only group

Wnt1 (high vs. low) 3.162 0.075 2.913 0.088

Wnt2B (high vs. low) 8.253 0.004 5.454 0.020

Wnt4 (high vs. low) 0.129 0.719 0.237 0.626

Wnt5B (high vs. low) 0.709 0.400 0.552 0.458

Wnt6 (high vs. low) 2.277 0.131 1.722 0.189

Wnt8B (high vs. low) 0.395 0.529 0.085 0.771

Wnt10A (high vs. low) 3.754 0.053 4.089 0.043

Wnt10B (high vs. low) 0.985 0.321 1.261 0.262

Wnt11 (high vs. low) 14.055 <0.001 12.442 <0.001

Wnt16 (high vs. low) 0.254 0.615 0.269 0.604

Allo-HSCT group

Wnt1 (high vs. low) 1.181 0.277 1.726 0.189

Wnt2B (high vs. low) 0.091 0.762 0.302 0.582

Wnt4 (high vs. low) 1.142 0.285 0.088 0.767

Wnt5A (high vs. low) 0.214 0.643 2.165 0.141

Wnt6 (high vs. low) 1.156 0.282 2.260 0.133

Wnt8B (high vs. low) 0.321 0.571 0.117 0.732

Wnt10A (high vs. low) 0.100 0.752 0.046 0.830

Wnt10B (high vs. low) 0.011 0.918 0.672 0.412

Wnt11 (high vs. low) 0.102 0.750 0.121 0.728

Wnt16 (high vs. low) 0.429 0.513 0.112 0.738

Abbreviations: Allo-HSCT, allogeneic haematopoietic stem cell 
transplantation; EFS, event-free survival; OS, overall survival.
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(top 26; CD3D, SPTBN2, SPTB, ANK1, et al) is shown in Figure 4B. 
Pathway enrichment analysis showed that genes related to Wnt10A 
and Wnt11 were mainly enriched in ‘cell morphogenesis involved 
in differentiation’, ‘blood vessel development’, ‘haemostasis’ and 
‘haematopoietic cell lineage’ signalling pathways (Figure 4C); genes 
related to Wnt2B and Wnt11 were mainly enriched in ‘positive regu-
lation of secretion’, ‘regulation of leukocyte-mediated cytotoxicity’, 

‘Golgi vesicle transport’ and ‘platelet activation, signalling and ag-
gregation’ signalling pathways (Figure 4D); genes related to Wnt2B 
and Wnt10 were mainly enriched in ‘NAD metabolic process’, ‘pro-
teasome-mediated ubiquitin-dependent protein catabolic process’, 
‘positive regulation of CD4-positive, alpha-beta T-cell activation’ 
and ‘mitochondrial RNA metabolic process’ signalling pathways 
(Figure 4E).

F I G U R E  2   Kaplan-Meier curves of EFS and OS in patients receiving chemotherapy alone. (A, B) High Wnt2B expressers had shorter EFS 
and OS than the low expressers; (C, D) high Wnt10A expressers had longer EFS and OS than the low expressers; (E, F) high Wnt11 expressers 
had shorter EFS and OS than the low expressers
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4  | DISCUSSION

In this retrospective study, we found significant correlations be-
tween some members of Wnt and Fzd gene families. The Fzd gene 
family has no significant prognostic value in AML. High Wnt2B and 
Wnt11 expression indicates poor outcomes, while high Wnt10A ex-
pression indicates good outcomes in AML patients with chemother-
apy alone, but they have no prognostic significance in AML patients 
receiving allo-HSCT.

Nineteen mammalian Wnt ligands can bind to ten Fzd recep-
tors to activate different downstream pathways including Wnt/
Ca2+, Wnt/β-catenin and Wnt/planar cell polarity.19 Therefore, the 
correlations between some forms of Wnt and Fzd are reasonable. 
Down-regulation of some miRNAs (miRNA-204, miRNA-142-3p, 
miRNA-27b) leads to the up-regulation of Fzds in endometrial cancer, 
cervical cancer and gastric tumour.20-22 In AML, the knockdown of 
miRNA-126 increases the expression of Fzd7, leading to aggravation 
of the disease.23 However, we observed that the expression of Fzds 
has no significant effect on the survival of AML patients, which may 
be because the expression of Fzds can be indirectly affected by some 
miRNAs. The activation of Wnt signalling induces the expression of 
ETO and AML1 and increases the possibility of their translocation.24 
AML1-ETO fusion protein can positively regulate the transcription of 
plakoglobin, which plays an important role in enhancing the self-re-
newal of HSCs.25 The expression of Wnt2B, Wnt10A and Wnt11 have 
prognostic value in AML patients receiving chemotherapy only, but 
not in AML patients receiving allo-HSCT. The reason may be that 
allo-HSCT, as a high-intensity treatment, temporarily and fundamen-
tally eliminates some translocations, while chemotherapy cannot 
achieve such an effect.

Wnt signalling pathway has crucial importance in the patho-
genesis of AML. There is heterogeneity in Wnt signalling activation 
in AML, even in groups with the same genotype.26 Wnt members, 
including Wnt3, Wnt4, Wnt5B, Wnt6, Wnt7B, Wnt9A, Wnt10A, 
Wnt14 and Wnt16, are highly expressed in chronic lymphocytic 
leukaemia B cells.27,28 Nuclear non-phosphorylated beta-catenin 
(NPBC) is produced by activated Wnt signalling pathway, which 
is associated with poor survival in AML-M6 and M7 patients.29 
However, we found that high Wnt2B expression subgroup has fewer 
AML-M4 patients, whereas high Wnt10A expression subgroup has 
more AML-M4 patients in the chemotherapy group, suggesting that 
different Wnt genes may be selectively expressed in different AML 
subtypes. We also found that high Wnt11 expression is compatible 
with some poor prognostic factors (poor risk and IDH1/IDH2 muta-
tions), while high Wnt10A expression is incompatible with typical un-
desirable clinical features (high WBC count, BM and PB blasts) in the 
chemotherapy group. AML-associated mutations can activate the 
downstream Wnt pathway that may contribute to leukaemia patho-
genesis.3 For example, NPM1 mutation can activate Wnt signalling 
by causing the expansion of haematopoietic progenitor cell pool in 
zebrafish haematopoiesis30; FLT3-ITD can activate Wnt/β-catenin 
signalling in primary AML cells.31 However, we did not find that the 
expression of Wnt2B, Wnt10A and Wnt11 are associated with NPM1 Ch
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and FLT3-ITD mutations. The small sample size and the influence of 
other regulatory factors may be responsible for this phenomenon. 
This also makes it possible for these three Wnt genes to serve as 
independent prognostic indicators.

Wnt2B is one of the Wnt ligands that stimulate the canonical 
Wnt pathway.5 Wnt2B is associated with clinical stage, T stage and 
cervical lymph node metastasis in patients with nasopharyngeal 
carcinoma.32 Wang et al reported that silencing Wnt2B can decrease 
the capacity of metastatic dissemination for ovarian cancer cells, 
and the decreased Wnt2B expression can inhibit cancer cell sur-
vival and promote cell apoptosis after chemotherapy treatment.33 
We found that elevated Wnt2B expression is associated with worse 
survival in AML patients with chemotherapy only. This is similar to 
previous findings that Wnt2B expression is significantly higher in 
human pancreatic cancer tissues than in normal pancreatic tissues, 
and patients with high Wnt2B expression have worse outcomes.34 
Therefore, Wnt2B expression may be used as a new prognostic in-
dicator for AML.

As a member of the canonical Wnt/β-catenin pathway, Wnt10A 
overexpression is associated with poor survival in patients with id-
iopathic pulmonary fibrosis.35 Li et al observed that overexpression 
of Wnt10A can promote the occurrence and development of human 
ovarian cancer by activating the Wnt/β-catenin/TCF/LEF1 signalling 
pathway. High expression of Wnt10A is associated with high tumour 
grade and advanced stage in patients with ovarian cancer and may 
be a predictor of patient survival.36 Wnt10A expression is related to 
tumour staging and plays a carcinogenic role in the biological process 
of colorectal cancer.37 However, Jiang et al found that the expres-
sion of Wnt10A in colorectal cancer patients is lower than that in the 
health group.38 We found that high Wnt10A expression is associated 

with good outcomes in AML patients with chemotherapy only. This 
may be due to the heterogeneity of the expression and function of 
the same gene in different tumours.

Wnt11 activates both canonical and non-canonical Wnt sig-
nalling pathways and plays controversial role in different cancers. 
On the one hand, Wnt11, as a tumour promoter, is involved in the 
proliferation, migration and invasion of various cancers, such as 
breast cancer, colon cancer, prostate cancer and leukaemia.39-42 
On the other hand, Wnt11 is considered to be a tumour-suppres-
sor protein that inhibits tumour cell migration, invasion and adhe-
sion in ovarian cancer, endometrial cancer and liver cancer.43-45 
We found that high Wnt11 expression indicates poor outcomes 
in AML patients with chemotherapy only, suggesting that high 
Wnt11 expression may be involved in leukaemogenesis as a tu-
mour promoter.

We found that the prognostic value for Wnt2B is still signifi-
cant, but not for Wnt11 in the verification cohort lacking Wnt10A 
data. The difference in Wnt11 results between the validation cohort 
and our main analysis may be caused by heterogeneity of the two 
data sets and incomplete information of the validation cohort (no 
division of chemotherapy and transplantation groups). Moreover, in 
the subsequent multivariate analysis, Wnt10A and Wnt11 still have 
significant independent prognostic value even when competing 
with typical prognostic factors (age ≥ 60 years, BM blasts ≥ 70% 
and mutations in DNMT3A, RUNX1, TP53 and MLL) in AML patients 
with chemotherapy only. Further combined survival analysis also 
confirmed that AML patients with high Wnt10A and low Wnt11 ex-
pression have the longest EFS and OS in the chemotherapy group, 
suggesting that the combination of Wnt10A and Wnt11 may be a 
novel prognostic marker for AML and superior to single Wnt gene. 

Variables

EFS OS

HR (95%CI) P-value HR (95%CI) P-value

Wnt2B (high vs. low) 2.100 (1.214, 3.632) 0.008 NS

Wnt10A (high vs. low) 0.560 (0.323, 0.969) 0.038 0.514 (0.296, 0.893) 0.018

Wnt11 (high vs. low) 2.550 (1.421, 4.574) 0.002 2.750 (1.544, 4.897) 0.001

Age (≥60 vs. <60 years) 3.024 (1.584, 5.773) 0.001 2.392 (1.253, 4.569) 0.008

WBC (≥15 vs. <15 × 10 /L) 1.823 (1.033, 3.217) 0.038 NS

BM blasts (≥70 vs. <70%) 2.429 (1.373, 4.296) 0.002 2.033 (1.159, 3.565) 0.013

PB blasts (≥20 vs. <20%) NS NS

FLT3-ITD (positive vs. negative) NS NS

NPM1 (mutated vs. wild) NS NS

DNMT3A (mutated vs. wild) 2.486 (1.372, 4.505) 0.003 2.487 (1.384, 4.469) 0.002

IDH1/IDH2 (mutated vs. wild) NS NS

RUNX1 (mutated vs. wild) 3.505 (1.651, 7.438) 0.001 3.292 (1.584, 6.842) 0.001

NRAS/KRAS (mutated vs. wild) NS NS

TET2 (mutated vs. wild) NS 0.536 (0.246, 1.170) 0.118

TP53 (mutated vs. wild) 3.136 (1.370, 7.179) 0.007 2.497 (1.139, 5.473) 0.022

MLL (mutated vs. wild) 2.909 (1.325, 6.387) 0.008 2.920 (1.305, 6.535) 0.009

Abbreviations: BM, bone marrow; CI, confidence interval; EFS, event-free survival; HR, hazard 
ratio; OS, overall survival; PB, peripheral blood; WBC, white blood cell.

TA B L E  3   Multivariate analysis of the 
potential prognostic factors of EFS and 
OS in the chemotherapy group
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Pathway enrichment analysis showed that Wnt10A and Wnt11 may 
participate in the biological process of AML by interacting with genes 
in ‘cell morphogenesis involved in differentiation’, ‘blood vessel de-
velopment’, ‘haemostasis’ and ‘haematopoietic cell lineage’ signalling 
pathways. The specific joint mechanism of them in AML needs to be 
further clarified.
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F I G U R E  3   Comparison of EFS and OS between patients with low or high Wnt10A and Wnt11 expression in the chemotherapy group. (A, 
B) Patients with high Wnt10A and low Wnt11 expression had longer EFS and OS than those with high Wnt10A and Wnt11 expression and 
those with low Wnt10A and high Wnt11 expression

F I G U R E  4   Screening of genes related to Wnt2B/10A/11 and pathway enrichment analysis. (A) Genes related to Wnt2B, Wnt10A and 
Wnt11 and their intersections; (B) Interaction network of proteins encoded by hub genes; (C, D, E) Pathway enrichment analysis of genes 
related to Wnt2B, Wnt10A and Wnt11
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