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MYC-dependent MiR-7-5p regulated apoptosis and autophagy
in diffuse large B cell lymphoma by targeting AMBRA1
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Abstract

Diffuse large B-cell lymphoma (DLBCL) is the leading cause of mortality from invasive hematological malignancies world-
wide. MicroRNA-7-5p (miR-7-5p) has been shown to be a tumor suppressor in several types of tumors. However, its role
in DLBCL is not fully understood. This study explored the role of miR-7-5p in the progression of DLBCL and pursued the
underlying mechanism. Quantitative real-time PCR and transfection of miRNA mimic and inhibitors were used to assess
the effects of miR-7-5p on autophagy and apoptosis in SU-DHL-4 and SU-DHL-10 cells. Dual-luciferase reporter assay was
used to identify target genes of miR-7-5p. Immunofluorescence, flow cytometry, and western blotting (WB) were performed
to explore the underlying mechanism and downstream pathways of miR-7-5p and AMBRAL1 in DLBCL cells. MiR-7-5p was
upregulated in DLBCL cells. Luciferase reporter assays implicated AMBRAL as a downstream target of miR-7-5p in DLBCL.
WB and flow cytometry showed that an increase in miR-7-5p level and a decrease in AMBRA1 expression led to a decrease
in autophagy and apoptosis-related protein expression. Furthermore, miR-7-5p prevented c-MYC dephosphorylation through
AMBRA1 downregulation. On the contrary, c-MYC increased the expression of miR-7-5p, thereby establishing positive
feedback on miR-7-5p transcription. The addition of hydroxychloroquine, an autophagy inhibitor, reduced autophagy and
increased apoptosis in DLBCL cells. In vivo experiments further proved that the increase of miR-7-5p played a regulatory
role in the expression of downstream AMBRA1 and c-MYC. These results demonstrate that c-M YC-dependent MiR-7-5p
suppressed autophagy and apoptosis by targeting AMBRAT1 in DLBCL cells. MiR-7-5p also suppressed autophagy and
apoptosis by targeting AMBRA1 in DLBCL cells. Therefore, these data suggest that targeting miR-7-5p may be a promising
strategy in DLBCL therapy.
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Introduction Diffuse large B-cell lymphoma (DLBCL) is the most

common invasive non-Hodgkin’s lymphoma [2], accounting

Non-Hodgkin’s lymphoma (NHL) is the most common  for 25-30% of adult non-Hodgkin’s lymphoma in western

hematological malignancy worldwide [1]. countries and approximately 30-40% of all NHL [1, 3-5].

NHL is a heterogeneous disease with different prognoses.
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MicroRNA (miRNA) is a highly conserved endogenous

noncoding small molecule RNA with a length of approxi-
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lymphoma. Cimmino et al. confirmed that miR-15 and miR-
16 induced apoptosis through targeting B cell lymphoma
2 (BCL2) in leukemia [9]. MiRNA-340-5p was shown to
mediate the function and invasive promotion of tumor infil-
trating CD8 + T lymphocytes in human DLBCL [10]. Nodal
marginal zone lymphoma showed increased expression of
miR-221, miR-223, and let-7f, while follicular lymphomas
were found to strongly express miR-494 [11].

MicroRNA-7 (miR-7) is a type of miRNA that plays
diverse roles in physiological and pathological conditions.
MiR-7-5p is the most studied miRNA sequence in this fam-
ily [12]. According to relevant studies, miR-7-5p expression
is deficient in breast cancer [13], melanoma [14], hepato-
cellular carcinoma [15], and glioblastoma [16]. Recent
studies have shown that miR-7-5p acts to down regulate
the transcription and translation of direct or indirect tumor
promoters, inhibiting proliferative and invasive malignant
phenotypes [17]. However, to our knowledge, the poten-
tial mechanism of miR-7-5p in the progression of DLBCL
remains unclear.

Autophagy/beclin 1 regulator 1 (AMBRAL1) is a newly
identified autophagy-related gene (ATG), and its key regula-
tory role in autophagy has been determined [18]. AMBRAI1
was shown to regulate autophagosome formation by inter-
acting with Beclinl (autophagy-related protein encoded by
becnl gene) through its target lipid kinase type III phos-
phatidylinositol 3-kinase [19, 20]. In addition, AMBRA1
enhanced autophagy via a positive feedback loop through
regulation of ubiquitin-mediated ulk1 stabilization [21, 22].
In addition to playing a central role in autophagy, Beclin 1
interacts with a variety of cofactors (atgl4l, UVRAG, Bif-
1, Rubicon, and AMBRAL) to form a 1-vps34-vpsl5 core
complex, thus inducing autophagy. In addition, the BH3
domain of Beclin 1 binds to and is inhibited by Bcl-2 or
BCL XL. This interaction can be disrupted by phosphoryla-
tion of Bcl-2 and Beclin 1 or ubiquitination of Beclin 1. Fur-
ther, it was found that caspase-mediated cleavage of Beclin
1 promoted crosstalk between apoptosis and autophagy [23].
AMBRA1 is indispensable in the intersection of autophagy
and apoptosis [24]. It was found that AMBRAT1 can nega-
tively regulate apoptosis and growth in prostate cancer and
breast cancer cells and is related to AMBRA1-mediated
autophagy promotion [25, 26]. Further, it was reported that
AMBRAI in solid tumors regulated autophagy or apoptosis
through mTORC1 (upstream) and c-MYC (downstream) [27,
28]. However, the function of AMBRAL1 in DLBCL develop-
ment is poorly understood.

Given the importance of miR-7-5p and AMBRALI in
tumor initiation and development, the current study inves-
tigated whether miR-7-5p regulates AMBRAI, and if
miR-7-5p is MYC-dependent in DLBCL. Furthermore, the
effects of miR-7-5p and AMBRA1 expression on autophagy
and apoptosis were examined. We also explored whether

@ Springer

inhibition of AMBRA1-induced autophagy had an effect on
apoptosis in DLBCL.

Materials and methods
Cell lines

All DLBCL cell lines were purchased from Cellcook.
HMy2.CIR cells were cultured in Iscove’s Modified Dul-
becco Medium (Gibco cat:12,440) supplemented with 10%
fetal bovine serum, 100 mg/mL streptomycin, and 100 units/
mL penicillin. SU-DHL-2, 4, 6, 10 cell lines were similarly
cultured in RPMI 1640 (CellCook cat:CM2006) supple-
mented with 10% fetal bovine serum, 100 mg/mL strepto-
mycin, and 100 units/mL penicillin in a CO2-humidified
incubator at 37 °C.

Animals and ethics statement

Sixteen female SCID mice weighing 20-22 g were obtained
from Guangdong Sijia Jingda Biotechnology Co., Ltd and
randomly divided into two groups (the control group and the
miR-7-5p mimic group). All mice were maintained in a spe-
cific pathogen-free room with free access to water and stand-
ard laboratory chow. The room was supplied with a standard
light—dark (12 h light/12 h dark) cycle with the temperature
kept at 22-24 °C. All animal experiments were conducted
with the approval of the Institutional Animal Care and Use
Committee of Experimental Animal Center of Guangzhou
University of Traditional Chinese Medicine.

Quantitative reverse-transcription PCR (qRT-PCR)

RNA was extracted using Trizol and an RNA Extraction Kit
(MRC, TR118-500). After extracting total RNA, M-MLVRe-
verseTranscriptase (Promega, M1705) and ChamQSYBRgP-
CRMasterMix (Vazyme, Q341-03) were used to generate
cDNA from RNA following the manufacturer’s protocol.
The expression levels of miR-7-5p and AMBRAT1 were nor-
malized to the expression of U6 and GAPDH, respectively,
using the 27PP¢T method.

MiRNA mimics, inhibitors, and siRNA Transfection

MiR-7-5p mimic, NC mimic, miR-7-5p inhibitors, NC inhib-
itors, si-AMBRA1-1, si-AMBRA1-2, c-Myc siRNA and
si-NC were synthesized by Shanghai GenePharma Co., Ltd.
C-MYC overexpression vector were purchased by General
Biosystems (Anhui, China). Before transfection, SU-DHL-4
and SU-DHL-10 cells were seeded into six-well plates
(approximately 80% confluence). Cells were transfected
for 48 h prior to subsequent experiments. The transfection
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process was performed with Lipofectamine 3000 according
to the product manuals.

Dual-luciferase reporter gene assay

The dual-luciferase reporter gene assay was done in 293 T
cells. It was implemented using the Transdetect Double-
Luciferase Reporter Assay Kit (full gold # FR201-01),
according to the manufacturer’s protocol. Cell lysates were
utilized in the dual luciferase reporter gene assay to deter-
mine luciferase activity. Briefly, cells were transfected with
mimic miR-7-5p-3'-UTR-WT or mimic miR-7-5p-3'-UTR-
mut vectors and the firefly luciferase was detected once
they were active. After a 24 h transfection, the cells were
harvested and the luciferase signals were detected with the
Dual-Luciferase Reporter Assay System. The relative activ-
ity of the two reporters were measured and calculated as
ACT. The experiment was conducted at least 3 times.

Apoptosis assays

For apoptosis detection, cells were collected and incubated
with 5 uLL Annexin V and 5 uL 7-AAD for 15 min in the
dark. Analysis of apoptosis was performed using a flow
cytometer (BD Biosciences Accuri C6).

Immunofluorescence staining

SU-DHL-10 cells were transfected with si-AMBRA1 or con-
trol miRNA. The cells were fixed and stained with rabbit
anti-LC3II (Invitrogen, USA). Goat anti-rabbit IgG (Invitro-
gen, USA) was used as the secondary antibody. Photos were
taken with a fluorescence microscope (Cnoptec BK6000,
China).

In vivo experiments

To construct a tumor bearing model of the miR-7-5p over-
expression lentivirus, 10 SCID mice were first injected
with2.18 x 107 SU-DHL-10 cells under the right armpit.
When the tumor size reached 7.9 mm (tumor volume of
250 mm?) the mice were randomly divided into two groups
(n=>5/group). Each group was treated with the miR-7-5p
mimic overexpression virus or the NC overexpression virus
at a volume of 6*10 » 8TU/mouse, and the tumors were col-
lected 2 weeks later. Tumor volume was calculated using the
formula: long diameter*short diameter*short diameter/2).
The main observation indicators were (1) Changes in tumor
volume: observation with the naked eye and use of vernier
calipers to measure tumor length and width once a week.
The weight of the mice was measured weekly, (2) Tumor
volume and weight at end point: after 14 days, the mice
were killed and tumors were dissected; tumor volume was

measured and weighed as above. (3) Treatment of tumor
specimens: half of the dissected tumors were fixed with 4%
paraformaldehyde and half were frozen in liquid nitrogen
and stored at— 80 °C.

TUNEL staining

Apoptosis was assessed via TUNEL staining. Briefly, tumor
tissues were fixed with 4% formaldehyde (Thermo Fisher
Scientific) and then stained using the TUNEL Apoptosis
Detection Kit III, FITC (Boster, Wuhan, China). Upon anal-
ysis, cells positive for TUNEL staining were visualized and
counted under a fluorescence microscope (Olympus IX73,
Japan).

Immunohistochemistry

The mouse tissue sections were deparaffinized following
standard procedures. Then, the antigens were unmasked,
and the sections were incubated with an anti-Ki-67 (rab-
bit, Affinity, China) and an appropriate secondary antibody.
Images were captured using a Digital Pathology System
(Pannoramic MIDI, 3DHISTECH).

Western blotting

Antibodies against AMBRA1 and c-MYC were purchased
from Abcam and the LC3 antibody was purchased from
Sigma. Antibodies against p-c-MYC, mTOR, PP2A-C,
PARP, and p-cmyc were purchased from Cell Signaling
Technology. Other antibodies such as p62 and GAPDH were
purchased from Proteintech. Please refer to Supplementary
Table 3 for detailed catalog numbers and dilutions of the
antibodies. Total proteins were extracted from the cell lines
and equal amounts of protein were separated by electropho-
resis and then transferred onto PVDF membranes. The mem-
branes were blocked with 5% nonfat dried milk powder in
TBST and incubated with primary antibodies against target
proteins and GAPDH at 4 °C overnight. Then, membranes
were washed and incubated with horseradish peroxidase-
conjugated secondary antibodies for 2 h at room tempera-
ture. The protein bands were visualized using an enhanced
chemiluminescence kit; GAPDH was used as the internal
control. Quantitative data were analyzed using ImageJ soft-
ware (NIH).

Statistical analysis

Data are presented as the mean + SD. SPSS 26.0 statistical
software and GraphPad Prism 7.0 were used for analysis.
Multiple groups of data were analyzed by one-way ANOVA,
and two groups of data were analyzed by Student’s z-test.
P <0.05 was considered significant.
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Results

Upregulation of miR-7-5p and downregulation
of AMBRA1 in DLBCL cell lines

Using the TargetScan database (http://www.targetscan.
org/vert_71/), we identified AMBRALI as a target gene of
miR-7-5p (Fig. 1A). Using the TCGA database, we found
that AMBRATL exhibited different expression levels in dif-
ferent tumors compared with normal tissues. AMBRA1
expression was elevated in DLBCL. However, no differ-
ence in the overall survival of patients with high expres-
sion of AMBRAI1 versus those with low expression of
AMBRAT1 was observed (Fig. 1B). To better understand
the regulatory process of miR-7-5p in the pathogenesis of
DLBCL, we first determined the expression of miR-7-5p
and AMBRA1 in DLBCL cell lines. WB results showed
that the expression of AMBRAL1 in SU-DHL-4 and SU-
DHL-10 cells was higher than in normal cells (Fig. 1C,
D). In addition, qPCR results showed that expression of
miR-7-5p was decreased in SU-DHL-4 and SU-DHL-10

cells (Fig. 1E). Therefore, SU-DHL-4 and SU-DHL-10
cells were selected for subsequent cell experiments.

AMBRAT1 is a direct target of miR-7-5p in DLBCL

To further confirm the regulatory effect of miR-7-5p and
AMBRAI1 on DLBCL cells, miR-7-5p inhibitor, miR-7-5p
mimics, and AMBRA1 siRNA were used. We found that
compared with the control, the expression of miR-7-5p was
increased in SU-DHL-4 and SU-DHL-10 cells with the miR-
7-5p mimics. The effect of the miR-7-5p inhibitor was oppo-
site to that of the miR-7-5p mimics (Fig. 2A, B). The expres-
sion of AMBRAI1 in the SU-DHL-4 and SU-DHL-10 cell
lines with siAMBRA1-1 and siAMBRA1-2 was lower than
in the control (Fig. 2C, D). However, in the siAMBRA1-2
group, the inhibition was more pronounced. Therefore the
following experiments were conducted with si-AMBRA1-2.

Luciferase reporter assays were carried out to verify that
miR-7-5p directly targets AMBRAL. Through analysis of the
TargetScan database, we found that the binding sequence of
miR-7-5p and AMBRA 1sequence was AGAGAGTGAACA
GTCTTCCA. Then, we mutated the seed region sequence
from AGTCTTCC to TCCTATGC. Interestingly, after
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Fig.1 MiR-7-5p was upregulated in DLBCL tissues. A Screening
of target genes of miR-7-5p through the TargetScan database. B The
level of AMBRAL in DLBCL tissues and adjacent non-tumor tissues
identified with the TCGA database. C and D AMBRAI expression
in human B lymphoblast HMy2.CIR cells and the human DLBCL
cell lines SU-DHL-2, SU-DHL-4, SU-DHL-6, and SU-DHL-10. E
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miR-7-5p

AMBRA1

MiR-7-5p expression in human B lymphoblast HMy2.CIR cells and
the human DLBCL cell lines SU-DHL-2, SU-DHL-4, SU-DHL-6,
and SU-DHL-10. Quantitative data are presented as mean+SD.
*#%p <0.001 compared with the control group. AMBRAI, activating
molecule in Beclin-1-regulated autophagy
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Fig.2 Construction and transfection of the miR-7-5p inhibitor, miR-
7-5p mimics, and AMBRAI siRNA. A and B qPCR assay confirm-
ing the transfection efficiency of the miR-7-5p mimic and inhibitor.

mutation of the binding site, fluorescent activity of the cells
containing the miR-7-5p mimic and the mutant AMBRA1
increased significantly. However, miR-7-5p maintained its

C and D gPCR and western blot assays confirming the transfection
efficiency of si-AMBRAL1. The data are presented as mean +SD. NC,
negative control. ***p <0.001 compared with the NC group

inhibitory effect upon transfection of AMBRAI1 containing
the wild type seed region (Fig. 3A). These results identified
AMBRALI as a direct target of miR-7-5p.
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Fig.3 MiR-7-5p directly targets AMBRALI in DLBCL cells. A Lucif-
erase reporter assay and the binding sites of wild-type of AMBRAI1
3’-UTR combined with miR-7-5p. B The protein expression of

AMBRAI1 was analyzed in cells containing miR-7-5p mimic or inhib-
itor. Quantitative data are presented as the means +SD. NC, negative
control, ***p <(0.001 vs. NC
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AMBRAI expression in SU-DHL-4 and SU-DHL-10
cells containing miR-7-5p mimics or inhibitor was also
detected. Results showed that compared to controls, the pro-
tein expression level of AMBRA1 was significantly reduced
in SU-DHL-4 and SU-DHL-10 cells with miR-7-5p mim-
ics and increased in cells containing the miR-7-5p inhibitor
(Fig. 3B). In brief, miR-7-5p regulated AMBRA1 expression
in DLBCL.

MiR-7-5p regulated the AMBRAT1 signaling pathway
in DLBCL

Next, flow cytometry was performed to measure apoptosis
in SUDHL-4 and SU-DHL-10 cells. Results showed that
compared with the NC group, the percentage of apoptotic
cells in the miR-7-5p overexpression group was decreased
(Figs. 4A and S1). Western blotting was used to measure the
expression level of apoptosis- and autophagy-related pro-
teins. Results showed that in SU-DHL-10 cells, PP2A-C and
LC31I were down regulated by miR-7-5p overexpression and
silencing of AMBRAI1, where p-c-MYC, mTOR, and p62
were upregulated (Fig. 4B). Western blotting experiments

A NC mimnic : P1

in SU-DHL-4 cells also confirmed that overexpression of
miR-7-5p down regulated LC3II, where PARP and p62 were
upregulated (Fig. S1). The downregulation of LC3II and the
upregulation of p62 indicated that autophagy was decreased.
Further, an increase in the PARP protein suggested that the
inhibition of AMBRA1 may decrease activation of the apop-
tosis pathway. We found that AMBRA1 enhanced PP2A-
C activity upon c-MYC dephosphorylation. Additionally,
we found that PP2A directly dephosphorylated c-MYC in
fibroblast REF52 cells, thereby destabilizing c-MYC [29].
Moreover, this AMBRA1 and PP2A-mediated regulation of
c-MYC was controlled by mTOR [21]. Therefore, inhibi-
tion of AMBRAI1 led to an increase in mTOR, a decrease in
PP2A-C, and an increase in c-MYC reactivity, which is not
conducive to apoptosis. The above results revealed that miR-
7-5p overexpression and silencing of AMBRAI1 inhibited
autophagy in DLBCL cells. In addition, the flow cytometry
and WB results showed that the overall effect of AMBRAI
silencing was to decrease the occurrence of apoptosis, which
mainly relies on the AMBRA1/c-MYC pathway.

We then carried out rescue experiments in SU-DHL-10
cells. Flow cytometric analysis showed that si-AMBRA1
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Fig.4 MiR-7-5p suppresses DLBCL cells autophagy and apoptosis.
A Cell apoptosis was examined using flow cytometry. B The protein
levels of mTOR, c-MYC, autophagy and apoptosis proteins trans-
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decreased the apoptosis promoting effect of the miR-7-5p
inhibitor (Fig. 5A, B). WB results showed that silencing
miR-7-5p increased PP2A-C and LC3II expression, where
PARP, p-c-MYC, mTOR, and p62 were down regulated.
In contrast, silencing AMBRAT had the opposite effects.
In the combination group treated with the miR-5-7p
inhibitor and si-AMBRA1, we found that si-AMBRA1
inhibited the apoptosis and autophagy promoting effect
of the miR-7-5p inhibitor (Fig. 5C, D). The above results
demonstrate that miR-7-5p regulated autophagy and apop-
tosis in DLBCL cells through AMBRAL.

An interesting finding was that c-MYC had a feedback
effect on miR-7-5p expression. Silencing of c-MYC led to
a decrease in miR-7-5p, while overexpression of c-MYC
caused an increase in miR-7-5p (Fig. 5E). This result
suggests that in DLBCL, the expression of miR-7-5p is
also regulated the downstream ¢c-MYC, which can pro-
mote the transcription of miR-7-5p. Moreover, blocking
the expression of miR-7-5p in SU-DHL-10 cells resulted
in an increase in AMBRA1 and a decrease in p-c-MYC
levels. This revealed a positive feedback loop of the miR-
7-5p- AMBRA1-MYC axis in DLBCL.
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Autophagy inhibitors increased apoptosis
by inhibiting the AMBRA1 autophagy pathway

AMBRALI is at the intersection of apoptosis and autophagy.
However, it is unknown if inhibition of autophagy results in
an increase apoptosis. Therefore, we inhibited autophagy
via HCQ and observed the combined effect of HCQ and
AMBRA1. Immunofluorescence experiments showed
that compared with the NC group, LC3II expression was
decreased after AMBRAI silencing and the addition of HCQ
further reduced its expression (Fig. 6A). Through TUNEL
staining, we also determined that the optimal HCQ con-
centration was 100 pm (Fig. 6B). WB experiments showed
that the addition of HCQ after AMBRALI silencing further
changed the expression of autophagic proteins (LC3II/I and
p62). However, the expression of apoptotic proteins such
as PP2A-C increased after the addition of HCQ, indicating
that inhibition of autophagy can feed back and activate the
AMBRA 1-related apoptotic pathway (Fig. 6C).

Overexpression of miR-7-5p reduced autophagy
and apoptosis in vivo

To investigate the effects of miR-7-5p on tumori-
genesis in vivo, a tumor-bearing model of miR-7-5p
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Fig.5 MiR-7-5p regulated DLBCL autophagy and apoptosis in vitro
by targeting AMBRAL. A, B Cell apoptosis was examined using flow
cytometry. C, D The protein levels of mTOR, ¢c-MYC, autophagy
and apoptosis proteins transfected with miR-7-5p inhibitor and si-

AMBRAI1 by western blot assays. E Detection of positive feedback
relationship between c-MYC and miR-7-5p by qPCR. Data were
shown as mean+SD. NC, negative control, ns indicated no signifi-
cance, **¥p <0.001 vs. NC
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Fig.6 Addition of autophagy inhibitor promotes DLBCL cell apop-
tosis. A Addition of HCQ to immunofluorescence reduces autophagy.
B Cell apoptosis was examined using tunnel test. C The protein levels
of mTOR, c-MYC, autophagy and apoptosis proteins transfected with

overexpression was constructed via intratumoral injection
of miR-7-5p mimics in SCID mice. As shown in Fig. 7A
and B, the miR7-5p mimic markedly increased tumor vol-
ume and weight. QPCR results showed that the expression
of miR-7-5p in miR-7-5p mimic tumors was higher than
in the control group (Fig. 7C). In addition, immunohisto-
chemistry demonstrated that Ki-67 expression in the miR-
7-5p mimic group was higher than in the control group
(Fig. 7D). TUNEL experiments also revealed that apop-
tosis levels in the miR-7-5p mimic group were lower than
control group (Fig. 7E). Moreover, the miR-7-5p mimic
group also exhibited reduced expression of the PP2A-C,
LC3II, and AMBRAI1 proteins, and tended to exhibit an
increase in p-c-MYC and mTOR (Fig. 7F). These data
indicate that miR-7-5p mainly affected autophagy and
apoptosis in vivo through the AMBRA1 pathway (Fig. 8).
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Discussion

This study demonstrated that miR-7-5p suppressed
DLBCL autophagy and apoptosis by targeting AMBRAI
in DLBCL cells. There is increasing evidence that in can-
cer, post-transcriptional and post-translational control
mediated by noncoding miRNA plays a significant role in
autophagy. Deregulation of miRNAs has been shown to be
related to the development and progression of cancer [30].
Jegga et al. proposed that miR-130, miR-98, miR-124,
miR-204, and miR-142 play potential regulatory functions
in the autophagic process [31]. Research findings support
the view that autophagy regulation by miRNAs may be a
feasible target for the treatment of cancer, as this could
be used to reduce resistance to tumor hereditary hypoxia,
or increase tumor cell vulnerability to chemotherapeutic
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Fig.7 Overexpression of miR-7-5p accelerates tumor growth in vivo.
The SCID mouse xenograft was established by the intratumoral
injection of miR-7-5p mimic. A The tumor images in the miR-7-5p
mimic-NC group (n=5) and in the miR-7-5p mimic group (n=5).
B The tumor volume and weight of tumor in the miR-7-5p mimic-
NC group (n=5) and in the miR-7-5p mimic group (n=5). C The
relative RNA levels of miR-7-5p were evaluated by qPCR between
miR-7-5p mimic and miR-7-5p mimic-NC of tumor tissues. D Repre-

drugs [32]. MiR-7-5p is regarded as a tumor suppressor
in many types of cancer and has been shown to suppress
cancer cell growth, proliferation, migration, and invasion,
as well as increasing sensitivity of resistant tumor cells to
therapy. On the contrary, some studies have also identified
an oncogenic role of miR-7-5p in certain cancer types.
For example, studies demonstrated that miR-7-5p inhib-
ited EGFR mRNA and protein expression and downstream
AKT and ERK1/2 activity in head and neck [33], breast,
lung, and prostate cancers [34], as well as in glioblastoma
multiforme [35]. Chou et al. showed that the inhibition of
miR-7-5p expression suppressed the growth of lung car-
cinoma [36]. In addition, Yu et al. found that the expres-
sion of miR-7 was upregulated in renal cell carcinoma
compared with normal tissues, and the downregulation of
miR-7 resulted in reduced cell migration and prolifera-
tion and induced apoptosis [12, 37]. At present, no studies
have clarified the role of miR-7-5p in DLBCL. Compared
with the different effects of miR-7-5p on other cancers,
we found that miR-7-5p plays a dual role in DLBCL by
inhibiting both autophagy and apoptosis. These effects are
closely related to the regulation of AMBRA1 by miR-7-5p.

AMBRAL is a positive regulator of the autophagy path-
way, affecting cell proliferation in vitro and in vivo [21, 38].
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sentative images of HE staining and Immunohistochemistry of tumor
issues in different groups (the higher scale bar indicates 100 pm). E
Representative images of tunel staining of tumor issues in different
groups (the higher scale bar indicates 100 pm). F The protein levels
of mTOR, c-MYC, autophagy and apoptosis proteins transfected with
miR-7-5p mimic or miR-7-5p mimic-NC by western blot assays. Data
were shown as mean + SD. ***p <0.001 vs. NC. NC negative control

AMBRAL1 also plays a role upstream of mTORC1-dependent
autophagy by stabilizing the kinase ULK1 (UNC-51 like
autophagy activated kinase 1) and promoting formation of
the autophagosome core complex [38]. AMBRAL is also
an important target of apoptotic protease, leading to inhi-
bition of the autophagy mechanism and completion of the
cell death program. Pagliarini et al. found that in the early
stage of apoptosis, degradation of the AMBRAL protein by
caspases and calpains aids in the elimination of the pro-
survival function of autophagy [39]. AMBRALI is reported
to be an important regulator of autophagy and apoptosis in
ovarian cancer cells under the influence of cisplatin, which
can maintain the balance between autophagy and apoptosis
[19]. In this study, we also demonstrated a close regulatory
effect of AMBRA1 on autophagy and apoptosis in DLBCL,
and this effect was regulated by the upstream regulator
miR-7-5p.

Our research found that when miR-7-5p and AMBRA1
changed, the proteins related to apoptosis, including c-MYC
and PP2A-C, also changed. In most lung cancer cell lines,
low expression levels of AMBRA1 and high expression
levels of phosphorylated MYC have been reported [21].
Our study found that in DLBCL, miR-7-5p prevented MYC
dephosphorylation through AMBRA1 downregulation,
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Fig.8 Complete chain of
mechanism hypothesis. The
schematic diagram illustrates
the role of miR-7-5p target-
ing AMBRALI in regulating
autophagy and apoptosis
phenotype. In addition, if
autophagy inhibitor is added,
miR-7-5p-mediated AMBRAI
will turn from autophagy to
more apoptosis

l Apoptosis

n Apoptosis
A\ o
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@

which is consistent with the lung cancer research. These
data suggest that miR-7-5p is a novel miRNA in DLBCL,
and may affect tumorigenesis by regulating the AMBRA1
pathway [38].

More interestingly, we found that when the AMBRA1-
mediated autophagy effect was blocked by hydroxy-
chloroquine, AMBRA1 promoted apoptosis instead of
autophagy. The autophagy inhibitor hydroxychloroquine
plays an important role in anti-tumor therapy due to its
effect on autophagy. Other anti-tumor mechanisms of
hydroxychloroquine include induction of cell death
through apoptosis and necrosis, and immune regulation/
anti-inflammatory activities [40]. Previous studies found
that targeted knockout of the autophagy-related protein
ATGT7 or use of the autophagy inhibitor 3-methyladenine
inhibited caspase activation and reduced apoptosis [41].
However, these results are contrary to the results of our
study. The difference may be due to the regulation of the
AMRBAT1 gene. When a gene is involved in more than
two pathways, it is possible to translate the activation of
one pathway into another. This phenomenon may have a
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positive effect on anti-tumor activities. It is worth noting
that we discovered a regulatory loop involving mutual reg-
ulation between miR-7-5p and c-MYC. On the one hand,
miR-7-5p directly downregulated AMBRAL1 and upregu-
lated c-MYC expression after transcription. On the other
hand, the increase in c-MYC further upregulated the tran-
scription of miR-7-5p, leading to a reduction in AMBRA1
expression. Blockade of autophagy may further promote
the production of apoptosis, and is therefore a potential
target for future DLBCL treatments.

While we have elucidated the oncogenic role of miR-
7-5p and its molecular mechanisms in DLBCL both in vitro
and in vivo, there are still some limitations that need to
be discussed. Firstly, it is necessary to assess the levels
of miR-7-5p in clinical DLBCL samples for further vali-
dation additionally, while we report here that the addition
of the autophagy inhibitor HCQ promotes the shift of the
AMBRA1-regulated pathway towards apoptosis, further
experiments are required to determine if similar effects can
be achieved by inhibiting autophagy through alternative
means.
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Conclusions

Our findings support miR-7-5p as a promising biomarker
and therapeutic target in DLBCL. We demonstrated that
miR-7-5p induced autophagy and apoptosis by regulating
AMBRALI in DLBCL cells. Inhibition of autophagy regu-
lated the transition of the AMBRA1-mediated pathway in
DLBCL to an apoptotic phenotype. Through the miR-7-5p
and c-MYC regulatory loop, we believe that this interac-
tion may be crucial to the occurrence and development of
DLBCL.
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