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Abstract
Background: Acute myeloid leukemia (AML) is a malignancy commonly seen in adults. Previous studies
indicated that TRIM14 played a tumorigenic role in various types of cancer and miR-23b-5p was downregulated in human mesenchymal stem cell-derived exosomes (HMSC-exos) of AML patients. However,
their roles in AML remains unclear. Our study aims to investigate the role of TRIM14 and miR-23b-5p in
the pathogenesis of AML.
Materials and methods: The blood specimen was collected from AML patients and healthy donators.
Exosomes were extracted from the culture medium of human mesenchymal stem cells under
ultracentrifugation. Then exosomes were co-cultured with AML cells to determine the effect of their
contents. The cell proliferation was detected by cell counting kit-8 assay, whereas the cell apoptosis was
detected by ow cytometry. The expression of miR-23b-5p and TRIM14 was silenced or overexpressed to
explore their biological functions in AML. Luciferase reporter assay was conducted to validate the
interaction between miR-23b-5p and TRIM14. Gene expression was determined by quantitative real-time
PCR and immunoblots.
Results: TRIM14 was signi cantly increased in AML patients and cell lines. The inhibition of TRIM14
signi cantly reduced the proliferation and induced the apoptosis of AML cells via activating PI3K/AKT
pathway, whereas its overexpression exhibited reversed effects. HMSC-exos could suppress the
proliferation of AML cells through the delivery of miR-23b-5p. Moreover, miR-23b-5p inhibited the
transcription of TRIM14 by binding on its 3’UTR region. Overexpression of TRIM14 exhibited reversed
effect against the function of miR-23b-5p mimic.
Conclusion: TRIM14 could promote the proliferation of AML cells via activating PI3K/AKT pathway,
which was reversed by HMSC-exos through delivering miR-23b-5p. These ndings indicated that miR-23b5p and TRIM14 could be applied as potential targets for the treatment of AML.

Introduction
Acute myeloid leukemia (AML) is a malignancy with the prompt growth of immature myeloid cells, which
most commonly occurs in older adults and preferentially in males (De Kouchkovsky et al. 2016).
Although AML is a relatively rare cancer compared with lung cancer, there are about 20,000 new AML
cases each year in the United States and AML accounts for 90% of acute leukemia in adults (GarciaManero et al. 2019; Carter et al. 2020). The ve-year overall survival rate of AML patients is approximately
25%, whereas patients less than 60 years old had better prognoses compared with those over 60 years
old (Dohner et al. 2015). Smoking, exposure to benzene, and previous chemo-radiotherapy are deemed as
risk factors of AML. However, the pathogenesis of AML remains to be fully elucidated.
Tripartite motif-containing 14 (TRIM14) is a member of the TRIM family that contains the RING domain
with the function of E3 ubiquitin ligase (Feng et al. 2019). TRIM14 was found to be involved in the
development of various types of cancers such as gastric cancer, breast cancer, and osteosarcoma (Wang
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et al.2018; Xu et al. 2017; Hu et al. 2019). Previous studies indicated that the other members of the TRIM
family such as TRIM31 and TRIM22 were associated with the progression and drug resistance of acute
or chronic myeloid leukemia (Xiao et al. 2020; Li et al. 2018). However, the role of TRIM14 in AML remains
unknown.
Exosomes are extracellular vesicles produced in most eukaryotic cells containing nucleotides and
proteins that can be released and subsequently mediate intercellular interactions (Dhondt et al. 2016). A
previous study revealed that exosomes in the bone marrow microenvironment changed the proliferation
and migration of hematopoietic progenitor cells, in which messenger RNA (mRNA) and microRNA
(miRNA) regulated the biological function and process of these cells (Huan et al. 2013). Moreover, the
loss of two miRNAs, miR-145 and miR-146a, in mice could lead to the occurrence of leukemia
(Starczynowski et al. 2011). Besides, several miRNAs were demonstrated to correlate with the prognosis
of AML patients (Garzon et al. 2008). Therefore, the abnormal expression of microRNAs (miRNAs) is
associated with the development of AML. A recent study indicated that miR-23b-5p in human
mesenchymal stem cell (HMSC)-derived exosomes (HMSC-exos) in AML patients was signi cantly
decreased (Barrera-Ramirez et al. 2017). Moreover, the inhibition of miR-23b-5p could signi cantly
promote the proliferation and migration of non-small cell lung cancer cells (Hu et al. 2018). However, the
regulatory mechanism of miR-23b-5p in the pathogenesis of AML requires further investigation.
The exploration of the expression pattern of miRNA in HMSC-exos can provide a better understanding of
the pathogenesis of AML. Therefore, our study was conducted to investigate the role of TRIM14 in the
development of AML and explore the regulatory mechanism between miR-23b-5p and TRIM14, aiming to
provide novel targets for AML treatment.

Materials And Methods
Human blood specimens
A total of 25 blood specimens of AML patients or healthy donators were collected in our study. All written
informed consent was obtained from the patients before the collection. Our study was approved by the
Ethics Committee of Changhai Hospital, Naval Military Medical University (Shanghai, China).
Cell culture
Kasumi-1, HL-60, THP-1, HMSC and normal bone marrow cells were used in this study. All cells were
obtained from Cell Bank of Chinese Academy of Sciences. The culture medium was composed of DMEM
with 10% fetal bovine serum (FBS) (Gibco, USA). Cells were incubated at 37°C with 5% CO2.
Isolation and identi cation of HMSC-exos
HMSC-exos were isolated as previously described (Zhu et al. 2012). The medium was ultracentrifuged at
100,000 g for 60 min to collect exosomes and 100 KDa MWCO (Millipore) was used for the puri cation of
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exosomes. The morphology of HMSC-exos was validated by transmission electron microscopy (TEM).
The positive biomarkers (CD44 and CD90) and negative biomarkers (CD34 and CD45) of exosomes were
veri ed by ow cytometry.
Fluorescence labeled exosomes and validation of exosome uptake
PKH67 (UR52303, Umibio, China) was used to stain exosomes under the manufacturer’s instruction. A
total of 50,000 cells THP-1 cells were inoculated into 24-well plates. The intervention group was
incubated with the culture medium which contained PKH67 labeled exosomes. The cell nuclei were
stained with DAPI (Vector, CA) and the uptake of exosomes was detected by uorescence microscopy.
Extraction of RNA and quantitative real-time PCR
Total RNA of samples was extracted by TRIzol Reagent (Invitrogen, USA) and the cDNA was synthesized.
The real-time PCR was conducted by three-step reactions according to the instruction. Gene expression
was calculated using the 2−ΔΔCt method. The primers used in this study were listed as follows: miR-23b5p, F: CGTGGGTTCCTGGCATGC, R: AGTGCAGGGTCCGAGGTATT; U6, F: CTCGCTTCGGCAGCACA, R:
AACGCTTCACGAATTTGCGT; TRIM14, F: GGATTTGTGTCTCCGTTCTG, R: TCTGTCTGCCTGGTATTCTG;
GAPDH, F: AATCCCATCACCATCTTC, R: AGGCTGTTGTCATACTTC.
Western blot
Total protein of samples was extracted using RIPA lysis buffer (Beyotime, China). The protein was
fractionated on SDS-PAGE and transferred to nitrocellulose membrane (Millipore, USA). The primary
antibody was applied at 4 ℃ overnight. The protein was detected by ECL after the application of
secondary antibody. All primary antibodies used in this study were list as follows: TRIM14 (15742-1-AP,
Proteintech, USA); Cleaved-caspase3 (Ab2302, Abcam, UK); AKT (46191, CST, USA); p-AKT (4060, CST,
USA); CD9 (Ab92726, Abcam, UK); CD63 (Ab271286, Abcam, UK); CD81(Ab109201, Abcam, UK); GAPDH
(60004-1-1G, Proteintech, USA).
Cell transfection
To knockdown the expression of TRIM14, three short interfering RNAs (siRNAs) were generated (Major,
China) and constructed into lentiviral plasmids. A negative control siRNA (siNC) was used as the control
group. The sequence of three siRNAs were as follows: siTRIM14-1: 5’- GCAGCACATTGACAACATA -3’;
siTRIM14-2, 5’- GCCCGTCAAGAGCTTCTTT-3’; siTRIM14-3 5’- GCGATCGCTATTGCTGAAA-3’. For
overexpression, a lentiviral plasmid containing TRIM14 cDNA was generated with a mock plasmid as a
negative control (oeNC). Lipofectamine 2000 (Invitrogen, USA) facilitated the cell transfection.
Cell viability assay
Cell proliferation was assessed by cell counting kit-8 (CCK-8) (DOJINDO, Japan). The optical densities
(ODs) at 450 nm wavelength were determined after incubation with 10 μl CCK-8 for 1 hour.
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Flow cytometry
Cells were harvested after 48-hour transfection and stained with Annexin V/FITC and PI (BD, USA)
following the instruction. The results were analyzed using FACSDiva 7.0 software.
Dual-luciferase reporter gene assay
Binding sites of miR-23b-5p and TRIM14 were predicted by TargetScan and Starbase. Then wildtype and
mutant sequences of TRIM14 were synthesized and cloned to vectors. THP-1 cells were co-transfected
with miR-23b-5p mimics or inhibitors. After 48-hour transfection, dual-luciferase reporter gene kit was
used to determine the luciferase activity.
Statistical analysis
GraphPad Prism version 7.0 (CA, USA) was used for visualization and analyses. Data were displayed as
mean ± standard deviation. Comparisons between two groups were analyzed using Student’s t-test,
whereas one-way ANOVA analysis was used to compare the difference in more than two groups. P-value
< 0.05 was statistical signi cance.

Results

TRIM14 promoted the proliferation and inhibited the
apoptosis of AML
To explore the role of TRIM14 in AML, we detected the expression of TRIM14 in 25 AML patients and
healthy donators. Results showed that TRIM14 was signi cantly elevated in AML patients (p < 0.05)
(Fig. 1A). Moreover, TRIM14 was highly expressed in AML cell lines (Kasumi-1, HL-60, and THP-1)
compared with normal bone marrow cells (p < 0.05) (Fig. 1B-C). Then we designed three siRNAs and one
overexpression plasmid to decrease or elevate the expression of TRIM14. Results indicated that three
siRNAs could signi cantly reduce the expression of TRIM14 (p < 0.05) (Figure S1A-B), and TRIM14 was
highly expressed after the transfection of overexpression plasmid (p < 0.05) (Figure S1C-D). The
knockdown of TRIM14 signi cantly reduced the proliferation of AML cells (p < 0.05), whereas its
overexpression exhibited reversed effects (p < 0.05) (Fig. 1D-E). Additionally, the inhibition of TRIM14
signi cantly increased the apoptosis rate of THP-1 cells (p < 0.05) (Fig. 1F). In contrast, the
overexpression of TRIM14 signi cantly decreased the apoptosis rate of HL-60 cells (p < 0.05) (Fig. 1G).
These results indicated that TRIM14 could promote the proliferation and inhibit the apoptosis of AML
cells.
Inhibition of PI3K/AKT pathway suppressed the function of TRIM14 in AML
Previous studies indicated that TRIM14 was associated with PI3K/AKT pathway (Wang et al. 2018; Xu et
al. 2017). Therefore, we detected the expression of AKT and cleaved-caspase-3 to explore the underlying
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mechanism of TRIM14 in AML. In THP-1 cells, the inhibition of TRIM14 markedly elevated the expression
of cleaved-caspase-3 and decreased the expression of phosphorylated AKT (p-AKT) and TRIM14
(Fig. 2A). In contrast, the overexpression of TRIM14 notably increased the expression of TRIM14 and pAKT and decreased the expression of cleaved-caspase-3 (Fig. 2B). Then, the inhibitor of PI3K/AKT
pathway, LY294002, was administered to verify the association between TRIM14 and PI3K/AKT pathway.
Results showed that the overexpression of TRIM14 signi cantly promoted the proliferation of HL-60 cells
(p < 0.05) (Fig. 2C). However, the application of LY294002 signi cantly reversed the effect of TRIM14 (p <
0.05) (Fig. 2C). Moreover, LY294002 could markedly inhibit the expression of p-AKT whether TRIM14 was
overexpressed or not (Fig. 2D). These results suggested that TRIM14 was associated with PI3K/AKT
pathway and the inhibition of PI3K/AKT pathway could suppress the function of TRIM14 in AML.
HMSC-exos inhibited the proliferation of AML cells by suppressing TRIM14
Therapeutics such as stem cells were promising approaches in the treatment of AML. Therefore, HMSCexos were extracted and co-cultured with AML to explore its potential e cacy. Flow cytometry was
conducted to verify the positive (CD44 and CD90) and negative (CD34 and CD45) markers of HMSC
(Figure S2A). Then, the morphology of HMSC-exos was validated by TEM (Figure S2B). Moreover, the
expression of CD9, CD63 and CD81 was detected in HMSC-exos (Figure S2C). When HMSC-exos were cocultured with THP-1 cells, HMSC-exos could be absorbed by THP-1 cells and signi cantly inhibited the
proliferation rate (p < 0.05) (Fig. 3A-B). Notably, the expression of TRIM14 was inhibited after the coculture with HMSC-exos (Fig. 3C). Moreover, the high expression of TRIM14 signi cantly reduced the
apoptosis rate of THP-1 cells after co-cultured with HMSC-exos (p < 0.05) (Fig. 3D). Besides, the
overexpression of TRIM14 markedly decreased the level of cleaved-caspase-3 and increased that of pAKT (Fig. 3E). These ndings indicated that HMSC-exos could reduce the proliferation of AML cells by
suppressing TRIM14.
HMSC-exos induced the apoptosis of AML cells by delivering miR-23b-5p
A recent study indicated that miR-23b-5p in HMSC-exos derived from AML patients was signi cantly
reduced 15. Besides, based on the prediction using online databases, TRIM14 was the targeted gene of
miR-23b-5p. Therefore, miR-23b-5p might play a crucial role in HMSC-exos in AML. We found that miR23b-5p expression was signi cantly declined in AML patients compared with healthy donators (p < 0.05)
(Fig. 4A). Besides, TRIM14 was negatively associated with miR-23b-5p in the serum of AML patients (p <
0.05) (Fig. 4B). To explore the biological activities of miR-23b-5p in AML, we designed miR-23b-5p mimic
and inhibitor to increase or decrease its expression. The miR-23b-5p mimic could signi cantly elevate the
expression of miR-23b-5p whereas the inhibitor exhibited reversed effects (p < 0.05) (Fig. 4C; Figure S3).
The overexpression of miR-23b-5p signi cantly promoted the apoptosis of THP-1 cells whereas its
inhibitor signi cantly reduced their apoptosis rates (p < 0.05) (Fig. 4D). Moreover, miR-23b-5p in HMSCexos markedly decreased the expression of TRIM14 and p-AKT and increased that of caspase-3 (Fig. 4E).
These results indicated that HMSC-exos could suppress the apoptosis of AML cells through delivering
miR-23b-5p and miR-23b-5p could inhibit the expression of TRIM14.
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Mir-23b-5p Inhibited Trim14 By Binding On Its 3’utr Region
Further, we explored the underlying interaction between miR-23b-5p and TRIM14. Firstly, we transfected
the mimic and inhibitor of TRIM14 into THP-1 cells, which induced the up-regulation and down-regulation
of miR-23b-5p (p < 0.05) (Fig. 5A). Besides, TRIM14 expression was signi cantly elevated or reduced after
the transfection of miR-23b-5p mimic or inhibitor, respectively (p < 0.05) (Fig. 5A). The alternation of
TRIM14 induced by miR-23b-5p mimic and inhibitor was further validated by western blot (Fig. 5B). After
predicting the potential binding site of miR-23b-5p and TRIM14, we designed the vectors containing
wildtype and mutant sequence of 3’UTR region of TRIM14 and transfected them with miR-23b-5p mimic
and inhibitor in THP-1 cells (Fig. 5C). The miR-23b-5p mimic signi cantly reduced the luciferase activity
whereas its inhibitor exhibited the reversed effect (p < 0.05) (Fig. 5D). These results suggested that miR23b-5p could suppress the expression of TRIM14 by binding on its 3’UTR region.
Overexpression of TRIM14 reversed the function of miR-23b-5p in AML cells
To validate the interaction between TRIM14 and miR-23b-5p, we transfected THP-1 cells with TRIM14
overexpression plasmid and miR-23b-5p mimic. Flow cytometry revealed that miR-23b-5p mimic
signi cantly elevated the apoptosis rate of THP-1 cells whereas the overexpression of TRIM14
signi cantly inhibited the apoptosis (p < 0.05) (Fig. 6A). Moreover, miR-23b-5p mimic markedly increased
the level of cleaved caspase-3 and decreased that of p-AKT, which was reversed by the overexpression of
TRIM14 (Fig. 6B). These results indicated that miR-23b-5p and TRIM14 played a competent role in
regulating the proliferation of AML cells.

Discussion
Our study revealed that miR-23b-5p/TRIM14 pathway was highly involved in AML. The high expression of
TRIM14 in AML patients promoted the proliferation of AML cells via regulating PI3K/AKT pathway.
Moreover, HMSC-exos could signi cantly inhibit the function and expression of TRIM14 through the
delivery of miR-23b-5p. These ndings suggested that TRIM14 and miR-23b-5p was involved in the
progression of AML and provided a novel target for the application of stem cell therapy in AML.
The abnormal proliferation and differentiation of myeloid cells was the main pathology of AML.
Chromosomal rearrangements such as chromosomal translocation can interfere with the maturation of
myeloid precursor cells (De Kouchkovsky et al. 2016). However, the pathogenesis of AML remains to be
fully elucidated. Our study revealed that TRIM14 was highly expressed in AML patients compared with
healthy donators, which indicated the potential oncogenic role of TRIM14 in AML. TRIM14 has been
implicated to play an oncogenic role in different cancers. Tan et al. revealed that TRIM14 was associated
with poor prognosis and chemoresistance by activating Wnt/β-catenin pathway in gliomas (Tan et al.
2018). Moreover, the inhibition of TRIM14 could decrease the proliferation of papillary thyroid carcinoma
(Sun et al. 2020). Furthermore, previous studies have reported that signaling pathways such as
JAK/STAT and PI3K/AKT pathways are associated with the promoted development of AML (Cook et al.
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2014; Nepstad et al. 2020). Our study suggested that TRIM14 could promote the proliferation and reduce
the apoptosis of AML cells, which could be suppressed by PI3K/AKT inhibitor, LY294002. Therefore,
TRIM14 could promote the progression of AML via regulating PI3K/AKT pathway and could be a
potential target for AML treatment.
Conventional treatment for AML consists of chemotherapy, which contains induction therapy and
consolidation therapy. The induction therapy was to maximally eliminate tumor cells whereas
consolidation therapy is to eradicate residual disease. Besides, stem cell transplantation is another
approach for relapsed AML patients who are tolerable to transplant and have a matched donor (Dohner et
al. 2015). However, graft-versus-host disease remains a challenge for patients receiving stem cell
transplantation. Therefore, there is a clear urgent to develop novel therapeutic strategies for AML. A
recent study revealed that the transplantation of stem cell could improve the prognosis of AML patients,
which indicated the therapeutic effect of hematopoietic stem cells (Liu et al. 2015). Our study showed
that the co-culture of HMSC-exos with AML cells could signi cantly inhibit the proliferation of AML cells
and the expression of TRIM14 in a time-dependent manner. Moreover, the overexpression of TRIM14
could reverse the inhibitory effect of HMSC-exos. Therefore, our study revealed that HMSC-exos exerted
therapeutic effect against AML via the inhibition of TRIM14.
Exosomes are carriers of RNA and protein and mediate intercellular communication through the delivery
of their contents. A recent study suggested that HMSC-exos could suppress the proliferation of AML cells
via the delivery of miR-222-3p to inhibit IRF2 and INPP4B (Zhang et al. 2020). Moreover, miR-23b-5p
expression was reduced in HMSC-exos of AML patients, indicating a protective role in AML (Barrera et al.
2017). Besides, TRIM14 was predicted as a potential target of miR-23b-5p. Therefore, miR-23b-5p in
HMSC-exos might mediate the inhibitory effect on cell proliferation in AML. Our study found that miR23b-5p in HMSC-exos could signi cantly promote the apoptosis of AML cells via the inhibition of
TRIM14, and the overexpression of TRIM14 could reverse the inhibitory effect of HMSC-exos. These
ndings suggested that HMSC-exos exhibited potential therapeutic effects against AML via regulating
miR-23b-5p/TRIM14 pathway. Our study revealed the molecular mechanism of HMSC-exos in regulating
the proliferation of AML cells and provided a novel approach for the treatment of AML.

Conclusions
To sum up, our study revealed that TRIM14 could promote the proliferation of AML cells via activating
PI3K/AKT pathway. HMSC-exos could reverse the oncogenic effect of TRIM14 through delivering miR23b-5p and exhibited as a potential approach for the treatment of AML.

Abbreviations
AML; Acute myeloid leukemia, HMSC-exos:human mesenchymal stem cell-derived exosomes,
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