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ABSTRACT

Our purpose is to verify that miR-146b-3p targets the downstream transcript TNFAIP2 in order to reveal the
machinery underlying the miR-146b-3p/TNFAIP2 axis regulating acute myeloid leukaemia (AML) differentiation.
Bioinformatics analyses were performed using multiple databases and R packages. The CD11b+ and CD14+ cell
frequencies were detected using flow cytometry and immunofluorescence staining. The TNFAIP2 protein
expression was evaluated using western blotting, immunocytochemistry and immunofluorescence staining. The
gRT-PCR was conducted to detect the expression of TNFAIP2 and miR-146b-3p. TNFAIP2 and its correlated
genes were enriched in multiple cell differentiation pathways. TNFAIP2 was upregulated upon leukaemic cell
differentiation. miR-146b-3p directly targeted TNFAIP2, resulting in a decrease in TNFAIP2 expression. Forced
expression of TNFAIP2 or knockdown of miR-146b-3p significantly induced the differentiation of MOLM-13
cells. In this study, we demonstrated that TNFAIP2 is a critical driver in inducing differentiation and that the
miR-146b-3p/TNFAIP2 axis involves in regulating cell differentiation in AML.

INTRODUCTION 2 (TNFAIP2) is relevant to the initiation of AML

[5]. TNFAIP2 participates in multiple biological

Acute myeloid leukaemia (AML) refers to a group
of blood-forming malignancies that are derived from
malignant clones of haematopoietic stem/progenitor
cells and characterized by proliferation of bone marrow
blasts, inhibition of hormal haematopoiesis, and blockade
of differentiation [1]. The annual incidence of AML
is 0.4 to 2.8 per 100,000, and AML accounts for
approximately 40% of leukaemia-related deaths [2—4].

AML is a highly heterogeneous disease with complicated
gene regulatory networks. TNF-alpha induced protein

functions, including cell differentiation [5-8]. TNFAIP2
is highly expressed in bone marrow haematopoietic
stem/progenitor cells and peripheral blood monocytes
[7, 9]. Some studies showed that TNFAIP2 could be
involved in RA signalling; thus, it could be considered a
potential target gene for the therapeutic induction of cell
differentiation in acute promyelocytic leukaemia [7, 10,
11]. Some studies reported that TNFAIP2 expression is
upregulated during U937 cell differentiation, indicating
that it has a close association with promoting leukaemic
cell differentiation [10]. Although these studies have
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provided us with insight into the connection among
differential expression of TNFAIP2, cell differentiation
and the treatment of leukaemia, whether TNFAIP2 can
directly induce leukaemic cell differentiation is not fully
clarified, and the mechanism is still unclear.

Currently, the competing endogenous RNA (ceRNA)
postulate yielded emerging perspectives for leukaemia
investigation [12]. This hypothesis holds that miRNAs
inhibit mMRNA transcription or protein translation [13,
14]. miRNAs constitute a class of non-coding RNAs
that are approximately 20-25 nucleotides in length [15].
The main functions of miRNAs include regulating
growth and development, haematopoietic differentiation,
organ formation, cell proliferation, apoptosis and
metabolism, etc. [16]. A miRNA combines with the
3’ untranslated region (3°’UTR) of a targeted mRNA,
leading to decreased translation of the protein encoded
by the target gene through inhibition of target gene
expression or posttranslational modification [17].

Using the TargetScan (https://www.targetscan.org/
vert_80/) bioinformatics prediction database, we found
that many miRNAs can directly target TNFAIP2.
In addition, some miRNAs were downregulated
upon monocytic leukaemia cell differentiation. We
determined the overlap between these two gene sets
and identified miR-146b-3p. Therefore, we hypo-
thesised that miR-146b-3p directly targets TNFAIP2,
thus regulating AML cell differentiation. miR-146b-
3p targets NF2, MAP3K10, HPGD, FAM107A, etc.
MRNAS, resulting in tumorigenesis and progression in
multiple malignant diseases [18-21]. Accumulating
evidence has shown that miR-146b-3p participates
in cell differentiation. miR-146b-3p inhibits MDFIC
MRNA, thus blocking myoblast differentiation [22].
miR-146b-3p regulates differentiation and iodine
uptake through the miR-146b-3p/PAX8/NIS axis
[23]. In view of these observations, we hypothesized
that the miR-146b-3p/TNFAIP2 axis is a possible
mechanism by which differentiation is induced in
AML cells.

RESULTS

TNFAIP2 expression was downregulated in AML
patients

Using the GSE9476 dataset and Oncomine data-
base, we analysed differentially expressed TNFAIP2
transcript among AML patients and healthy individual
samples. The value of TNFAIP2 expression in AML
samples was 7.36+1.44, markedly lower than the value
of 10.81+0.37 in normal samples (P <0.05, Figure
1B). A similar result was achieved in the analysis of
the Oncomine database (P < 0.05, Figure 1A).

Identification of the 100 genes most associated with
TNFAIP2

We used the LinkedOmics database and Pearson
correlation analysis to analyse the correlations bet-
ween TNFAIP2 and other genes. The top 100 genes
correlated with TNFAIP2 were obtained; these genes
included LFNG, C10orf54, FGR, TNFRSF1B, and
ITGB2, which were positively correlated with
TNFAIP2, and CDK6, BCKDHB, KDM5B, SCCPDH,
and Cborf33, which were negatively correlated with
TNFAIP2 (P < 0.05, Figure 1C-1E).

Enrichment analysis of TNFAIP2-correlated genes

GO enrichment analyses demonstrated that TNFAIP2-
correlated genes where enriched in multiple items, such
as neutrophil-mediated immunity, neutrophil activation,
neutrophil degranulation, ficolin-1-rich granule, and
phosphatidylinositol phosphate binding (Figure 2A-
2C). Additionally, the TNFAIP2-correlated genes were
markedly enriched in pathways such as Tuberculosis,
Osteoclast differentiation, Lysosome, Phagosome, and
B-cell receptor signaling (Figure 2D). Subsequently, the
results of GSEA revealed that several differentiation-
associated events were enriched in the group with high
expression of TNFAIP2-correlated genes, including
Neutrophil, Megakaryocyte, Haematopoietic Stem Cell,
Neural Stem Cell, White Adipocyte and so on. These
results demonstrated a high expression of genes relevant
to TNFAIP2 was involved in the increased haemato-
poietic differentiation in AML (Figure 3A-3G).

Relationships between TNFAIP2 expression and
immune infiltration

High expression of TNFAIP2 was markedly positively
associated with the infiltration degree of macrophages
(r=0.551, P <0.001), neutrophils (r = 0.581, P < 0.001),
and dendritic cells (r = 0.290, P < 0.001). Moreover, the
infiltration degree of natural killer cells and T cells in
the TNFAIP2 high expression group were significantly
lower than those in the TNFAIP2 low expression group
(all P < 0.05) (Figures 4A-4G). TNFAIP2 may involve
in the tumour immunomodulation, thus playing a role
in inducing cell differentiation and other biological
functions.

Establishment of the risk score system

In total, 12 genes, including TNFAIP2, were identified
to be correlated with the prognosis of 150 AML cases
(the patients’ features are listed in Supplementary Table
2). On the basis of 12 prognostic genes, risk scores
were calculated and categorised into different risk arms
depending on the median scoring. The risk score was
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distributed among the 150 patients as shown in Figure
5A. Moreover, survival time distributions suggested the
possibility that there was a positive correlation between
higher risk scores and worse outcome. Subsequently,
the least absolute shrinkage and selection operator
(LASSO) regression algorithm was used to refine the
gene sets by calculating regression coefficients (Figure
5B, 5C).

The expression of TNFAIP2 is upregulated upon
acute myeloid leukaemia cell differentiation

For exploring the association as TNFAIP2 expression
and AML cell differentiation, THP-1 cells processed with
50 ng/mL PMA over 24-72 hours, and the proportions
of cells positive for the differentiation-related cell
surface antigens and TNFAIP2 were determined. After

PMA treatment, the CD11b+ and CD14+ THP-1 cell
frequencies were significantly elevated versus those in
the controlled arm (P <0.05, Figure 6A—6D). Similarly,
the immunofluorescence intensity was increased for
CD11b and CD14. (Figure 6E, 6F). Moreover, TNFAIP2
protein and mMRNA expression were significantly
elevated in PMA-treated THP-1 cells compared to
controls (P <0.05, Figure 7B, 7C). In addition, the
expression level of TNFAIP2 protein was also increased
in MOLM-13 cells treated with PMA (Figure 7A).
These findings indicated that TNFAIP2 expression was
upregulated upon cell differentiation.

TNFAIP2 induces the differentiation of AML cells

To prove whether TNFAIP2 can induce the
differentiation of monocytic leukaemia cells, we
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Figure 1. Differentially expressed genes and TNFAIP2-correlated genes in AML patients. (A) The transcript level of TNFAIP2 was
significantly decreased in AML samples compared with normal samples in the Oncomine database. (B) The expression of TNFAIP2 mRNA was
markedly decreased in AML samples compared with normal samples in the GSE9476 dataset. (C) Volcano plot of TNFAIP2-correlated genes.
(D) Heatmap of the top 50 genes positively correlated with TNFAIP2, based on correlation coefficients. (E) Heatmap of the top 50 genes
negatively correlated with TNFAIP2, based on correlation coefficients. BM: normal bone marrow samples. Normal distribution, t test,

** p<0.01.
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transduced MOLM-13 cells with the TNFAIP2
overexpression  (TNFAIP2-OE)  construct  and
observed the expression of CD11b and CD14. gRT-
PCR assay demonstrated that expressed TNFAIP2
mRNA was markedly upregulated in a TNFAIP2-
OE arm versus a negative control arm (P <
0.05, Supplementary Figure 1), which indicated
that TNFAIP2-OE successfully transfected MOLM-
13 cells. Flow cytometry results revealed that
the CD11lb+ and CD14+ cell frequencies were
significantly increased in MOLM-13 cells transduced
with the TNFAIP2-OE construct versus a negative
control arm (P < 0.05, Figure 8A-8D). In addition,
the immunofluorescence intensities of CD11b and
CD14 in a TNFAIP2-OE arm were higher than
those in a negative control arm (Figure 8E). These
results indicated that TNFAIP2 can induce AML cell
differentiation.
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miR-146b-3p directly targets TNFAIP2 mRNA

Using the TargetScan bioinformatics prediction database,
we found that many miRNAs can directly target
TNFAIP2. In addition, some miRNAs were down-
regulated upon THP-1 cell differentiation (data not
shown). We determined the overlap between these two
gene sets and identified miR-146b-3p. Using the
TargetScan database, we predicted that bases 2~7 at the
5’ end of miR-146b-3p are complementary to the 3’UTR
of TNFAIP2 mRNA (Figure 9A). To verify the direct
binding of miR-146b-3p to the 3’'UTR of TNFAIP2, we
generated luciferase constructs containing the potential
miR-146b-3p binding site in the 3’UTR of TNFAIP2
and a mutant version of the binding site (Figure 9A).
The result indicated that the luciferase activity was dis-
tinctly suppressed in the miR-146b-3p mimic+TNFAIP2
3UTR-Wt group compared with the miR-146b-3p
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Figure 2. GO/KEGG enrichment analysis of genes correlated with TNFAIP2 in AML patients. (A) The GO biological process
functional enrichment analysis of TNFAIP2-correlated genes. (B) GO cellular component functional enrichment analysis of TNFAIP2-correlated
genes. (C) GO molecular function functional enrichment analysis of TNFAIP2-correlated genes. (D) KEGG pathway enrichment analysis of

genes correlated with TNFAIP2.
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Figure 3. GSEA of genes correlated with TNFAIP2 in AML patients. (A) The ridge plot of the GSEA results of TNFAIP2-correlated genes
revealed associations with multiple cell differentiation pathways. (B—G) Neutrophil, Megakaryocyte, Haematopoietic Stem Cell, Neural Stem

Cell, White Fat Cell and White Adipocyte.
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mimic+TNFAIP2 3’UTR-Mut group (Figure 9B). These
results confirmed that miR-146b-3p directly binds to
the TNFAIP2 3’UTR. In addition, the expression of
TNFAIP2 was upregulated in MOLM-13 cells trans-
duced with sh miR-146b-3p vs. control group (P <
0.05, Figure 9C, 9D). These results demonstrated that
inhibiting miR-146b-3p can attenuate its inhibitory
effect on TNFAIP2 expression.

Inhibition of miR-146b-3p induces AML cell

differentiation

To elucidate the association as miR-146b-3p expression
and cell differentiation, we transduced MOLM-13
cells with short hairpin miR-146b-3p (sh miR-146b-
3p) and observed the CD1lb+ and CD14+ cell
frequencies. qRT-PCR assay demonstrated that expressed
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miR-146b-3p was markedly downregulated in a
sh miR-146b-3p arm versus a negative control arm
(P < 0.05, Supplementary Figure 2), suggesting that
sh miR-146b-3p was successfully transduced into
MOLM-13 cells. Flow cytometry results revealed
that the CD11lb+ and CD14+ cell frequencies were
markedly increased in MOLM-13 cells transduced
with sh miR-146b-3p versus a negative control arm
(P < 0.05, Figure 10A-10D). Moreover, the immuno-
fluorescence intensities of CD11b and CD14 in a sh
miR-146b-3p group were higher than those in a
negative control arm (Figure 10E). Therefore, these
findings showed that suppression of miR-146b-3p
expression can induce MOLM-13 cell differentiation.
The above findings showed that overexpression of
TNFAIP2 can induce the differentiation of MOLM-13
cells and that miR-146b-3p directly targets TNFAIP2.
Considering the above results collectively, we proved
that suppression of miR-146b-3p expression can
attenuate the suppression of TNFAIP2 expression,
thereby inducing the differentiation of MOLM-
13 cells. This finding might be explained by the
conclusion that cell differentiation is indeed related
to the miR-146b-3p/TNFAIP2 axis.

has-miR-146b-3p 3' GGUCUUGACUCAGGUGUCCCGU §'

DISCUSSION

TNFAIP2 is abundantly expressed in bone marrow
HSCs/HPCs and peripheral blood monocytes, and it
participates in multiple biological functions, including
cell differentiation [7, 8]. TNFAIP2 is highly expressed
in various malignant tumours, such as nasopharyngeal
carcinoma, triple-negative breast cancer, and glioma
[24-26]. TNFAIP2 is positively correlated with poor
prognosis in oesophageal carcinoma [27]. However, it
has been reported that elevated levels of TNFAIP2 are
strongly correlated with prolonged survival in multiple
malignancies, including bladder urothelial carcinoma,
sarcoma and skin cutaneous melanoma [7]. In this
study, we found that the expression of TNFAIP2 in
AML samples was obviously lower than that in normal
bone marrow samples in the GSE9476 dataset, and this
result was confirmed in another independent cohort in
the Oncomine database. Thus, TNFAIP2 could act as a
tumour suppressor gene in AML.

Accumulating evidence has revealed that TNFAIP2
participates in cell differentiation. The differentiation of
pluripotent stem cells depends on TNFAIP2 expression
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[28]. The TNF-a signalling pathway activates VIM,
which directs cell differentiation in the haematopoietic
system. Recent studies proved that the VIM protein
expression is upregulated upon induction of haemato-
poietic stem cell differentiation, but when TNFAIP2
is silenced, the expression of VIM decreased, and
the differentiation process is arrested. TNFAIP2 may
be involved in APL cell differentiation as a potential
target gene [10, 11]. The expression of TNFAIP2 is
upregulated upon U937 cell differentiation, indicating
that TNFAIP2 might be relevant to the promotion of
cell differentiation in haematological malignancies [10].
Although these studies have provided us with insight
into the relationship between TNFAIP2 and cell
differentiation, whether TNFAIP2 can directly induce
AML cell differentiation has not been fully elucidated,
nor has the underlying mechanism. Therefore, it is
necessary to further investigate what role and probable
mechanisms TNFAIP2 plays in inducing AML cell
differentiation.

In this study, via the LinkedOmics database and
GO/KEGG and gene set enrichment analyses, we found
that TNFAIP2 and its correlated genes could be closely
associated with several differentiation-related biological
processes, such as Osteoclast, Neutrophil, Megakar-
yocyte, Haematopoietic Stem Cell, Neural Stem Cell,
and White Adipocyte. In addition, elevated TNFAIP2
expression was remarkably related to a lower risk
score in AML patients, and LASSO regression showed
that TNFAIP2 was effective as a prognostic marker of
AML. The etiopathogenesis of AML is firmly connected
with differentiation arrest in haematopoietic stem cells
in bone marrow; therefore, we speculated that TNFAIP2
is associated with cell differentiation in AML.

After PMA treatment, the CD11b+ and CD14+ THP-1
cell frequencies were significantly increased, and the
expression levels of TNFAIP2 mRNA and protein were
increased upon AML cell differentiation, demonstrating
that TNFAIP2 might be related to cell differentiation
in AML. Moreover, forced expression of TNFAIP2
increased the frequencies of CD1lb+ and CD14+
MOLM-13 cells. Our results indicated that TNFAIP2
might directly induce AML cell differentiation,
constituting one of the mechanisms by which PMA
induces the differentiation of AML cells.

To investigate the upstream mechanism of TNFAIP2
induced AML cell differentiation, Targetscan was
used to predict the upstream miRNAs interacting with
TNFAIP2. In addition, some miRNAs were down-
regulated upon monocytic leukaemia cell differentiation.
We determined the overlap between these two gene
sets and identified miR-146b-3p. A miRNA binds to
the 3’ untranslated region (3’UTR) of a target mMRNA,

resulting in decreased translation of the protein encoded
by the target gene through inhibition of target gene
expression or posttranslational modification. miR-146b-
3p targets NF2, MAP3K10, HPGD, FAM107A, etc.
MRNAs, resulting in tumorigenesis and progression
in multiple malignant diseases [18-21]. To verify
the direct binding of miR-146b-3p to the 3’UTR of
TNFAIP2, we generated luciferase constructs containing
the potential miR-146b-3p binding site in the 3’°UTR
of TNFAIP2 and a mutant version of the binding site.
The result confirmed that miR-146b-3p directly binds
to the TNFAIP2 3’UTR. In addition, the expression
of TNFAIP2 was upregulated in MOLM-13 cells
transduced with sh miR-146b-3p vs. control group.
These results demonstrated that inhibiting miR-146b-
3p can attenuate its inhibitory effect on TNFAIP2
expression. To our knowledge, there are very few
reports on miR-146b-3p targeting TNFAIP2. These
findings provide the basis for the following study
that miR-146b-3 inhibits AML cell differentiation by
targeting TNFAIP2.

Accumulating evidence suggests that miR-146b-3p
participates in cell differentiation through the PI3K/
AKT and PAXB8/NIS pathways 22, 23. In this study,
it is predicted that miR-146b-3p directly targeted
TNFAIP2, and the dual-luciferase reporter assay results
further verified that miR-146b-3p bound to the 3’UTR
of TNFAIP2, thereby inhibiting the expression of
TNFAIP2. In addition, interference with miR-146b-3p
expression significantly upregulated the expression of
TNFAIP2 and elevated the CD11b+ and CD14+ cell
frequencies in MOLM-13 cells. Our findings indicated
that TNFAIP2 might directly induce cell differentiation.
It was shown that interference with miR-146b-
3p expression could alleviate the inhibitory effect of
TNFAIP2, thereby inducing differentiation in MOLM-
13 cells. In summary, we demonstrated that TNFAIP2
is a critical driver in inducing differentiation and that
the miR-146b-3p/TNFAIP2 axis involves in regulating
cell differentiation in AML.

CONCLUSIONS

Taken together, this study demonstrates that TNFAIP2
is an important modulator of AML cell differentiation.
The expression of TNFAIP2 in AML samples was
obviously lower than that in normal bone marrow
samples. TNFAIP2 and its correlated genes were
enriched in several differentiation-related pathways.
Elevated TNFAIP2 expression was remarkably
relevant to a lower risk score in AML patients, and
LASSO analysis showed that TNFAIP2 was effective
as a prognostic marker of AML. Furthermore, miR-
146b-3p directly targets and inhibits TNFAIP2. Forced
expression of TNFAIP2 or knockdown of miR-146b-
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3p can significantly induce AML cell differentiation;
thus, we believe that the miR-146b-3p/TNFAIP2 axis
is likely to be one of the potential mechanisms driving
cell differentiation in AML.

MATERIALS AND METHODS
Differential expression analysis of TNFAIP2

The GSE9476 dataset was downloaded from the GEO
database and included gene sequencing information
from 26 AML patients and 10 healthy individuals.
Differences in TNFAIP2 mRNA expression between
AML and normal tissues were analysed using GraphPad
Prism 8.0.2.

In addition, Oncomine was used to analyse
differentially expressed TNFAIP2 in tumour and
normal tissues with thresholds of |log2 fold change
(FC)| > 2 and Pagj < 0.05 [29].

LinkedOmics identification of TNFAIP2-correlated
genes

LinkedOmics  (http://www.linkedomics.org/)  [30]
provides comprehensive multiomics data for 32 cancer
types in TCGA. In our study, the Pearson correlation
coefficients were calculated to analyse the correla-
tions between the expression of TNFAIP2 and that of
other genes. A P < 0.05 was regarded as statistically
significant.

GO/KEGG enrichment analyses

Genes correlated with TNFAIP2 based on the
thresholds of |log2FC| > 2 and Pag < 0.05 were
included in the analysis. GO including BP, CC, and
MF categories, as well as KEGG pathing analyses,
were performed by the R package clusterProfiler (see
Supplementary File 1 for the specific code) [31].

Gene set enrichment analysis (GSEA)

The R package clusterProfiler (3.14.3) was used for
GSEA [26]. The gene set was analysed with one
thousand permutations per analysis. A Pag < 0.05 and
FDR g < 0.25 were considered to indicate statistical
significance (see Supplementary File 2 for the specific
code).

Single-sample gene set enrichment analysis
(ssGSEA)

Immune infiltration analysis based on TNFAIP2
expression was conducted by sSGSEA using the
GSVA package in R (3.6.3) (see Supplementary File 3

for the specific code). A total of 24 types of infiltrating
immune cells were obtained as previously described
[32]. Spearman correlation analysis was used to
analyse the correlations between TNFAIP2 expression
and the enrichment scores of the 24 types of immune
cells. The Wilcoxon rank-sum test was used to analyse
the enrichment scores of the high and low TNFAIP2
expression groups.

Risk score analysis and LASSO regression analysis

The 150 patients from TCGA were included
in the analysis. Genes correlated with TNFAIP2
were used in univariate Cox regression analysis
to determine significant prognostic genes, and the
LASSO regression technique was then performed to
identify independent prognostic genes. Univariate Cox
regression analysis was implemented for TNFAIP2
and its associated genes using the “ezcox” package
[33]. A P < 0.05 indicated statistical significance.
LASSO regression was conducted by the “glmnet”
package [34]. LASSO regression can improve the
accuracy and interpretability of a model and eliminate
the problem of collinearity between independent
variables. Subsequently, prognostic genes with P <
0.05 in univariate Cox regression analysis were
included in multivariate Cox regression analysis, and
prognostic genes with P < 0.05 in this analysis were
indicated statistical significance. The identified genes
were included in a risk signature, and a risk score
system was constructed based on the gene expression
levels and their coefficients (see Supplementary File 4
for the specific code).

Cell differentiation induction, miRNA sequencing,
and cell transfection

MOLM-13 and THP-1 cells were induced to
differentiate with 50 ng/mL PMA (Sigma—Aldrich,
USA). miRNA sequencing was performed after THP-1
cell processed with PMA for 72 hours. Gene
sequencing was completed by Lianchuan Biotechnology
Co., Ltd (Hangzhou, China). TNFAIP2-OE lentivirus
and sh miR-146b-3p lentivirus were packaged by
Shanghai Genechem Co., Ltd (Shanghai, China).
MOLM-13 cells (1x1075 cells/mL) were plated in
6-well plates (2 mL per well). Four microlitres of
sh miR-146b-3p or 15 pL of TNFAIP2-OE lentivirus
with 80 uL of enhanced solution A was added to
each well, and the solution in each well was then
thoroughly mixed. Lentivirally transduced cells were
incubated for 16 hours. When the transduction
efficiency exceeded 70%, we performed fresh culture
medium containing 1 mg/L puromycin for screening of
stable clones for 7 days. Once the cell transfection was
successful, we conducted subsequent experiments.
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TargetScan prediction of upstream miRNAs of
TNFAIP2

TargetScan (http://www.targetscan.org/vert 71/) is a
popular online database for predicting miRNA target
genes. It predicts target genes by considering the
complementation of 2~8 bases at the 5° end of a
miRNA with the 3°'UTR of an mRNA. In our study,
“Homo sapiens” was selected as the species type, and
“TNFAIP2” was selected as the gene name module.

Dual-luciferase reporter assay

The miR-146b-3p mimic, mimic-NC, Luciferase-
TNFAIP2 3'UTR-WH, and Luciferase-TNFAIP2 3'UTR-
Mut plasmids were established by GeneChem Co., Ltd.
Then, 293T cells were cotransfected with TNFAIP2
3’UTR-Wt or TNFAIP2 3’UTR-Mut along with the
mMiR-146b-3p mimic or mimic-NC for 48 hours using
Roche X-tremeGENE HP (Roche, Switzerland). The
Dual-Luciferase® Reporter Assay System was used to
detect the luciferase activity (Promega, USA).

Flow cytometry

Cell differentiation was assessed using
immunofluorescence staining with a PE-conjugated
mouse anti-human CD11b antibody and an FITC-
conjugated mouse anti-human CD14 antibody (BD
Bioscience, USA). The proportion of cells positive for
the cell surface differentiation antigen CD11b or CD14
was evaluated using flow cytometry. Each sample was
randomly analysed, and 1x10"4 events were recorded.
The cell differentiation rate was determined by DIVA
software.

Immunofluorescence

A suspension of cells from each group was centrifuged,
and the supernatant was discarded. The cell density was
adjusted to 5x1075 cells/mL. Five microlitres of an anti-
CD11b, anti-CD14, or anti-TNFAIP2 antibodies (Santa
Cruz, USA, 1:200) were incorporated into the cells.
Cells treated with the anti-CD11lb or anti-CD14
antibody were incubated with 4° C in darkness by 30
minutes. Cells treated with the anti-TNFAIP2 antibody
were incubated one hour under room temperature. Then,
we aliquoted 100 pL of the cell suspension to prepare
cell smears and sealed the samples with DAPI (Abcam,
USA). The fluorescence intensity of CD11b, CD14 and
TNFAIP2 was determined by fluorescence microscopy.

Immunocytochemistry

A 100 pL cell suspension was aliquoted to prepare
cell smears, and the cells were fixed. Subsequently,

the cell smears were flushed thrice with PBS and
blocked with 1% BSA. Then cell smears were
incubated with the mouse anti-TNFAIP2 antibody
(Santa Cruz, USA, 1:200) at 4° C overnight. Then the
cell smears were sequentially incubated with the
secondary antibody and the DAB chromogen (Gene
Tech, USA). Finally, the cell smears were stained
with haematoxylin (Baso, Zhuhai, China), sealed with
neutral resin.

Western blot analysis

Protein  extraction was conducted by radio-
immunoprecipitation (RIP) assay lysis buffer
(Beyotime, China). The protein specimens were
electrophoretically separated on a 10% SDS-PAGE
gel. The proteins were then transported onto
nitrocellulose filter membranes and detected by the
corresponding antibodies. The antibodies and the
corresponding dilutions used for western blotting
were as follows: mouse anti-TNFAIP2 antibody
(Santa Cruz, USA; 1:500) and B-actin rabbit mAb
(CST, USA; 1:1000).

Real-time fluorescence-based quantitative
polymerase chain reaction (QRT-PCR)

Total RNA extraction was conducted by TRIzol
(Takara, Shiga, Japan). Reverse transcription of RNA
into cDNA was performed using a RevertAid First
Strand cDNA Synthesis Kit (Thermo Fisher Scientific,
USA). Primer Premier 5.0 was used to design the
primers, which were synthesized by Sangon Biotech
Co., Ltd (Shanghai, China). The sequences are
presented in Supplementary Table 1. QqRT-PCR was
conducted by a QuantStudio 7 Flex real-time PCR
system (Life Technologies, USA) with PowerUpTM
SYBR Green Master Mix (Thermo Fisher Scientific,
USA). Relative mMRNA and miRNA expression levels
were calculated by the 2°-AA CT method (ACT =
CTtarget gene — CTcontrol gene, AACT = ACTtreat
group — ACTcontrol group).

Statistical analysis

GraphPad Prism 8.0.2 was for undertaking
statistics analyses and plotting histograms. Differences
in TNFAIP2 mRNA expression between AML and
normal tissues were analysed using t test. A t test was
implemented to assess the CD1lb+ or CD14+ cell
frequencies between control and transfection groups.
The Mann-Whitney was implemented to analyse
TNFAIP2 expression between control and transfection
groups. Multiple groups of data were statistically
analysed using ANOVA. A P < 0.05 was regarded as
statistically significant.

Www.aging-us.com 1509

AGING


http://www.targetscan.org/vert_71/

Data availability statement

The data are from The National Center for Biotechnology
Information (https://www.ncbi.nlm.nih.gov/gds/?term=
GSE9476) and The Cancer Genome Atlas (TCGA)
(https://www.cancer.gov/about-nci/organization/ccg/
research/structural-genomics/tcga.

Abbreviations

AML: Acute myeloid leukaemia; BP: Biological
process; CC: Cellular component; ceRNA: Competing
endogenous RNA; GSEA: Gene set enrichment
analysis; MF: Molecular function; NC: Negative
control; KEGG: Kyoto Encyclopedia of Genes and
Genomes; sSGSEA: Single-sample gene set enrichment
analysis; sh miR-146b-3p: short hairpin miR-146b-3p;
TNFAIP2: Tumour necrosis factor a-induced protein 2;
TNFAIP2-OE: TNFAIP2 overexpression.

AUTHOR CONTRIBUTIONS

GL prepared the manuscript. GL, XW, QG, and BW
carried out the molecular experiments. GL, AZ, JL, and
FS carried out the cell and protein analysis. AZ, XY and
YZ implemented the data analysis and participated in
the statistical analysis. GL acquired the funding. TX and
RG designed the study.

ACKNOWLEDGMENTS
We thank the Oncology Department for providing a

good atmosphere for us to conduct scientific research
and clinical work happily.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.
ETHICAL STATEMENT

This study did not require approval from the
ethics committee because it followed online database
publication guidelines and data access policies.
FUNDING

This study was sponsored by Health Science and

Technology Plan Project of Fujian Province (No.
2022QNAO065).

REFERENCES
1. Tenen DG. Disruption of differentiation in human

cancer: AML shows the way. Nat Rev Cancer. 2003;
3:89-101.

https://doi.org/10.1038/nrc989
PMID:12563308

Alahmari B, Alzahrani M, Al Shehry N, Tawfig O,
Alwasaidi T, Alhejazi A, Bakkar M, Al Behainy A, Radwi
M, Alaskar A. Management Approach to Acute Myeloid
Leukemia Leveraging the Available Resources in View
of the Latest Evidence: Consensus of the Saudi Society
of Blood and Marrow Transplantation. JCO Glob Oncol.
2021; 7:1220-32.

https://doi.org/10.1200/G0.20.00660 PMID:34343012

Song X, Peng Y, Wang X, Chen Y, Jin L, Yang T, Qian M,
Ni W, Tong X, Lan J. Incidence, Survival, and Risk Factors
for Adults with Acute Myeloid Leukemia Not Otherwise
Specified and Acute Myeloid Leukemia with Recurrent
Genetic Abnormalities: Analysis of the Surveillance,
Epidemiology, and End Results (SEER) Database, 2001-
2013. Acta Haematol. 2018; 139:115-27.
https://doi.org/10.1159/000486228 PMID:29455198

Lin XC, Yang Q, Fu WY, Lan LB, Ding H, Zhang YM, Li N,
Zhang HT. Integrated analysis of microRNA and
transcription factors in the bone marrow of patients
with acute monocytic leukemia. Oncol Lett. 2021;
21:50.

https://doi.org/10.3892/0l.2020.12311
PMID:33281961

Lin MS, Zhong HY, Yim RL, Chen QY, Du HL, He HQ, Lin
K, Zhao P, Gao R, Gao F, Zhang MY. Pan-cancer analysis
of oncogenic TNFAIP2 identifying its prognostic value
and immunological function in acute myeloid
leukemia. BMC Cancer. 2022; 22:1068.
https://doi.org/10.1186/s12885-022-10155-9
PMID:36243694

Guo F, Yuan Y. Tumor Necrosis Factor Alpha-Induced
Proteins in Malignant Tumors: Progress and Prospects.
Onco Targets Ther. 2020; 13:3303-18.

https://doi.org/10.2147/0TT.5241344 PMID:32368089

Jia L, Shi Y, Wen Y, Li W, Feng J, Chen C. The roles of
TNFAIP2 in cancers and infectious diseases. J Cell Mol
Med. 2018; 22:5188-95.
https://doi.org/10.1111/jcmm.13822 PMID:30145807

Wolf FW, Marks RM, Sarma V, Byers MG, Katz RW,
Shows TB, Dixit VM. Characterization of a novel tumor
necrosis factor-alpha-induced endothelial primary
response gene. J Biol Chem. 1992; 267:1317-26.
https://doi.org/10.1016/50021-9258(18)48432-3
PMID:1370465

Wolf FW, Sarma V, Seldin M, Drake S, Suchard SJ, Shao
H, O’Shea KS, Dixit VM. B94, a primary response gene
inducible by tumor necrosis factor-alpha, is expressed
in developing hematopoietic tissues and the sperm
acrosome. J Biol Chem. 1994; 269:3633-40.
https://doi.org/10.1016/5S0021-9258(17)41909-0
PMID:8106408

www.aging-us.com 1510

AGING


https://www.ncbi.nlm.nih.gov/gds/?term=GSE9476
https://www.ncbi.nlm.nih.gov/gds/?term=GSE9476
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
https://doi.org/10.1038/nrc989
https://pubmed.ncbi.nlm.nih.gov/12563308
https://doi.org/10.1200/GO.20.00660
https://pubmed.ncbi.nlm.nih.gov/34343012
https://doi.org/10.1159/000486228
https://pubmed.ncbi.nlm.nih.gov/29455198
https://doi.org/10.3892/ol.2020.12311
https://pubmed.ncbi.nlm.nih.gov/33281961
https://doi.org/10.1186/s12885-022-10155-9
https://pubmed.ncbi.nlm.nih.gov/36243694
https://doi.org/10.2147/OTT.S241344
https://pubmed.ncbi.nlm.nih.gov/32368089
https://doi.org/10.1111/jcmm.13822
https://pubmed.ncbi.nlm.nih.gov/30145807
https://doi.org/10.1016/S0021-9258(18)48432-3
https://pubmed.ncbi.nlm.nih.gov/1370465
https://doi.org/10.1016/S0021-9258(17)41909-0
https://pubmed.ncbi.nlm.nih.gov/8106408

10.

11.

12.

13.

14.

15.

16.

17.

18.

Park DJ, Vuong PT, de Vos S, Douer D, Koeffler HP.
Comparative analysis of genes regulated by PML/RAR
alpha and PLZF/RAR alpha in response to retinoic acid
using  oligonucleotide  arrays. Blood. 2003;
102:3727-36.
https://doi.org/10.1182/blood-2003-02-0412

PMID:12893766

Rusiniak ME, Yu M, Ross DT, Tolhurst EC, Slack JL.
Identification of B94 (TNFAIP2) as a potential retinoic
acid target gene in acute promyelocytic leukemia.
Cancer Res. 2000; 60:1824-9.

PMID:10766166

Cheng Y, SuY, Wang S, Liu Y, Jin L, Wan Q, Liu Y, Li C,
Sang X, Yang L, Liu C, Wang Z. Identification of circRNA-
IncRNA-miRNA-mRNA Competitive Endogenous RNA
Network as Novel Prognostic Markers for Acute
Myeloid Leukemia. Genes (Basel). 2020; 11:868.
https://doi.org/10.3390/genes11080868
PMID:32751923

Li L, Guo Q, Lan G, Liu F, Wang W, Lv X. Construction of
a four-mRNA prognostic signature with its ceRNA
network in CESC. Sci Rep. 2022; 12:10691.
https://doi.org/10.1038/s41598-022-14732-7
PMID:35739227

Bose B, Moravec M, Bozdag S. Computing microRNA-
gene interaction networks in pan-cancer using
miRDriver. Sci Rep. 2022; 12:3717.
https://doi.org/10.1038/s41598-022-07628-z
PMID:35260634

Kara G, Arun B, Calin GA, Ozpolat B. miRacle of
microRNA-Driven Cancer Nanotherapeutics. Cancers
(Basel). 2022; 14:3818.
https://doi.org/10.3390/cancers14153818
PMID:35954481

Xiao Z, Chen S, Feng S, Li Y, Zou J, Ling H, Zeng Y, Zeng
X. Function and mechanisms of microRNA-20a in
colorectal cancer. Exp Ther Med. 2020; 19:1605-16.
https://doi.org/10.3892/etm.2020.8432
PMID:32104211

Mazurek M, Grochowski C, Litak J, Osuchowska I,
Maciejewski R, Kamieniak P. Recent Trends of
microRNA  Significance in  Pediatric Population
Glioblastoma and Current Knowledge of Micro RNA
Function in Glioblastoma Multiforme. Int J Mol Sci.
2020; 21:3046.

https://doi.org/10.3390/ijms21093046 PMID:32349263

Yu C, Zhang L, Luo D, Yan F, Liu J, Shao S, Zhao L, Jin T,
Zhao J, Gao L. MicroRNA-146b-3p Promotes Cell
Metastasis by Directly Targeting NF2 in Human
Papillary Thyroid Cancer. Thyroid. 2018; 28:1627-41.
https://doi.org/10.1089/thy.2017.0626
PMID:30244634

20.

21.

22.

23.

24,

25.

26.

. Zhou M, Gao Y, Wang M, Guo X, Li X, Zhu F, Xu S, Qin R.

MiR-146b-3p regulates proliferation of pancreatic
cancer cells with stem cell-like properties by targeting
MAP3K10. J Cancer. 2021; 12:3726-40.
https://doi.org/10.7150/jca.48418

PMID:33995647

Yao S, Xu J, Zhao K, Song P, Yan Q, Fan W, Li W, Lu C.
Down-regulation of HPGD by miR-146b-3p promotes
cervical cancer cell proliferation, migration and
anchorage-independent growth through activation of
STAT3 and AKT pathways. Cell Death Dis. 2018; 9:1055.
https://doi.org/10.1038/s41419-018-1059-y
PMID:30333561

Wang D, Feng M, Ma X, Tao K, Wang G. Transcription
factor SP1-induced microRNA-146b-3p facilitates the
progression and metastasis of colorectal cancer via
regulating FAM107A. Life Sci. 2021; 277:119398.
https://doi.org/10.1016/.1fs.2021.119398
PMID:33831429

Huang W, Guo L, Zhao M, Zhang D, Xu H, Nie Q. The
Inhibition on MDFIC and PI3K/AKT Pathway Caused by
miR-146b-3p Triggers Suppression of Myoblast
Proliferation and Differentiation and Promotion of
Apoptosis. Cells. 2019; 8:656.
https://doi.org/10.3390/cells8070656

PMID:31261950

Riesco-Eizaguirre G, Wert-Lamas L, Perales-Paton J,
Sastre-Perona A, Fernandez LP, Santisteban P. The miR-
146b-3p/PAX8/NIS Regulatory Circuit Modulates the
Differentiation Phenotype and Function of Thyroid
Cells during Carcinogenesis. Cancer Res. 2015;
75:4119-30.
https://doi.org/10.1158/0008-5472.CAN-14-3547
PMID:26282166

Jia L, Zhou Z, Liang H, Wu J, Shi P, Li F, Wang Z, Wang C,
Chen W, Zhang H, Wang Y, Liu R, Feng J, Chen C. KLF5
promotes breast cancer proliferation, migration and
invasion in part by upregulating the transcription of
TNFAIP2. Oncogene. 2016; 35:2040-51.
https://doi.org/10.1038/0nc.2015.263

PMID:26189798

Chen LC, Chen CC, Liang Y, Tsang NM, Chang YS, Hsueh
C. A novel role for TNFAIP2: its correlation with
invasion and metastasis in nasopharyngeal carcinoma.
Mod Pathol. 2011; 24:175-84.
https://doi.org/10.1038/modpathol.2010.193
PMID:21057457

Cheng Z, Wang HZ, Li X, Wu Z, Han Y, Li Y, Chen G,
Xie X, Huang Y, Du Z, Zhou Y. MicroRNA-184 inhibits
cell proliferation and invasion, and specifically
targets TNFAIP2 in Glioma. J Exp Clin Cancer Res.
2015; 34:27.

WWWw.aging-us.com

1511

AGING


https://doi.org/10.1182/blood-2003-02-0412
https://pubmed.ncbi.nlm.nih.gov/12893766
https://pubmed.ncbi.nlm.nih.gov/10766166
https://doi.org/10.3390/genes11080868
https://pubmed.ncbi.nlm.nih.gov/32751923
https://doi.org/10.1038/s41598-022-14732-7
https://pubmed.ncbi.nlm.nih.gov/35739227
https://doi.org/10.1038/s41598-022-07628-z
https://pubmed.ncbi.nlm.nih.gov/35260634
https://doi.org/10.3390/cancers14153818
https://pubmed.ncbi.nlm.nih.gov/35954481
https://doi.org/10.3892/etm.2020.8432
https://pubmed.ncbi.nlm.nih.gov/32104211
https://doi.org/10.3390/ijms21093046
https://pubmed.ncbi.nlm.nih.gov/32349263
https://doi.org/10.1089/thy.2017.0626
https://pubmed.ncbi.nlm.nih.gov/30244634/
https://doi.org/10.7150/jca.48418
https://pubmed.ncbi.nlm.nih.gov/33995647
https://doi.org/10.1038/s41419-018-1059-y
https://pubmed.ncbi.nlm.nih.gov/30333561
https://doi.org/10.1016/j.lfs.2021.119398
https://pubmed.ncbi.nlm.nih.gov/33831429
https://doi.org/10.3390/cells8070656
https://pubmed.ncbi.nlm.nih.gov/31261950/
https://doi.org/10.1158/0008-5472.CAN-14-3547
https://pubmed.ncbi.nlm.nih.gov/26282166
https://doi.org/10.1038/onc.2015.263
https://pubmed.ncbi.nlm.nih.gov/26189798
https://doi.org/10.1038/modpathol.2010.193
https://pubmed.ncbi.nlm.nih.gov/21057457

27.

28.

29.

30.

https://doi.org/10.1186/s13046-015-0142-9
PMID:25888093

Xie Y, Wang B. Downregulation of TNFAIP2 suppresses
proliferation and metastasis in esophageal squamous
cell carcinoma through activation of the Wnt/B-catenin
signaling pathway. Oncol Rep. 2017; 37:2920-8.
https://doi.org/10.3892/0r.2017.5557

PMID:28393234

Deb S, Felix DA, Koch P, Deb MK, Szafranski K, Buder K,
Sannai M, Groth M, Kirkpatrick J, Pietsch S, Gollowitzer
A, GroB A, Riemenschneider P, et al. Tnfaip2/exoc3-
driven lipid metabolism is essential for stem cell
differentiation and organ homeostasis. EMBO Rep.
2021; 22:e49328.
https://doi.org/10.15252/embr.201949328
PMID:33300287

Lan G, Yu X, Sun X, Li W, Zhao Y, Lan J, Wu X, Gao R.
Comprehensive analysis of the expression and
prognosis for TNFAIPs in head and neck cancer. Sci
Rep. 2021; 11:15696.
https://doi.org/10.1038/s41598-021-95160-x
PMID:34344926

Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics:
analyzing multi-omics data within and across 32 cancer
types. Nucleic Acids Res. 2018; 46:D956—-63.
https://doi.org/10.1093/nar/gkx1090

PMID:29136207

31.

32.

33.

34.

Yu G, Wang LG, Han Y, He QY. clusterProfiler: an R
package for comparing biological themes among gene
clusters. OMICS. 2012; 16:284-7.
https://doi.org/10.1089/0mi.2011.0118
PMID:22455463

Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner
M, Obenauf AC, Angell H, Fredriksen T, Lafontaine L,
Berger A, Bruneval P, Fridman WH, Becker C, et al.
Spatiotemporal dynamics of intratumoral immune cells
reveal the immune landscape in human cancer.
Immunity. 2013; 39:782-95.
https://doi.org/10.1016/j.immuni.2013.10.003
PMID:24138885

Liu J, Lichtenberg T, Hoadley KA, Poisson LM, Lazar AJ,
Cherniack AD, Kovatich AJ, Benz CC, Levine DA, Lee AV,
Omberg L, Wolf DM, Shriver CD, et al, and Cancer
Genome Atlas Research Network. An Integrated TCGA
Pan-Cancer Clinical Data Resource to Drive High-
Quality Survival Outcome Analytics. Cell. 2018;
173:400-16.e11.
https://doi.org/10.1016/j.cell.2018.02.052
PMID:29625055

Friedman J, Hastie T, Tibshirani R. Regularization Paths
for Generalized Linear Models via Coordinate Descent.
J Stat Softw. 2010; 33:1-22.
https://doi.org/10.18637/jss.v033.i01

PMID:20808728

WWWw.aging-us.com

1512

AGING


https://doi.org/10.1186/s13046-015-0142-9
https://pubmed.ncbi.nlm.nih.gov/25888093
https://doi.org/10.3892/or.2017.5557
https://pubmed.ncbi.nlm.nih.gov/28393234
https://doi.org/10.15252/embr.201949328
https://pubmed.ncbi.nlm.nih.gov/33300287
https://doi.org/10.1038/s41598-021-95160-x
https://pubmed.ncbi.nlm.nih.gov/34344926
https://doi.org/10.1093/nar/gkx1090
https://pubmed.ncbi.nlm.nih.gov/29136207
https://doi.org/10.1089/omi.2011.0118
https://pubmed.ncbi.nlm.nih.gov/22455463
https://doi.org/10.1016/j.immuni.2013.10.003
https://pubmed.ncbi.nlm.nih.gov/24138885
https://doi.org/10.1016/j.cell.2018.02.052
https://pubmed.ncbi.nlm.nih.gov/29625055
https://doi.org/10.18637/jss.v033.i01
https://pubmed.ncbi.nlm.nih.gov/20808728

SUPPLEMENTARY MATERIALS

Supplementary Figures
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Supplementary Figure 1. MOLM-13 cells were transfected with TNFAIP2 overexpression lentivirus (TNFAIP2-OE). The
expression of TNFAIP2 mRNA was significantly increased in TNFAIP2-OE group vs. NC control group. * P < 0.05.
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Supplementary Figure 2. MOLM-13 cells were transfected with miR-146b-3p interference lentivirus (sh miR-146b-3p). The
expression of miR-146b-3p was significantly decreased in sh miR-146b-3p group vs. NC control group. ** P < 0.01.
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Supplementary Tables

Supplementary Table 1. Representative gene primers used to perform qRT-PCR.

Gene Primer sequences
TNFAIP? Forward: CATATAGGGAGGAGGAAGAG
Reverse: AAGACGCAGAACACATTG
B-actin Forward: CATGTACGTTGCTATCCAGGC
Reverse: CTCCTTAATGTCACGCACGAT
Forward: CGGCCCTGTGGACTCAGT
hsa-miR-146b-3p Reverse: AGTGCAGGGTCCGAGGTATT
Stem-loop Primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCAGA
Forward: AGAGAAGATTAGCATGGCCCCTG
hsa-U6 Reverse: CAGTGCAGGGTCCGAGGT

Stem-loop Primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAATA

Supplementary Table 2. Patients’ clinical
characteristics.

Characteristics n %
Gender

Female 69 46.0%

Male 81 54.0%
Age

<=60 87 58.0%

> 60 63 42.0%
Cytogenetics

Normal 76 50.6%

Monosomal 51 34.0%

Complex 23 15.4%
Cytogenetic risk

Favorable 28 18.7%

Intermediate 89 59.3%

Poor 33 22.0%
FLT3 mutation

Negative 102 68.0%

Positive 48 32.0%
NPM1 mutation

Negative 112 74.7%

Positive 38 25.3%
OS event

Alive 52 34.7%

Dead 98 65.3%
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Supplementary Files

Please browse Full Text version to see the data of Supplementary Files 1-4.

Supplementary File 1. The R language codes for KEGG pathway enrichment analysis.

Supplementary File 2. The R language codes for GSEA pathway enrichment analysis.

Supplementary File 3. The R language codes for immune infiltration analysis.

Supplementary File 4. The R language codes for Cox regression analysis.
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