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A feedback circuit of miR-34a/MDM4/p53 regulates apoptosis in
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Background: Dysfunction of apoptosis is a significant characteristic in chronic lymphocytic leukemia
(CLL). Murine double minute 4 (MDM4), miR-34a and TP53 are found to participate in modulating
cellular apoptosis while the specific mechanism keeps unclear. This study was designed to investigate the
potential feedback circuit among MDM4, miR-34a and TP53.

Methods: According to the bioinformatic approaches, there are 4 miR-34a candidate binding domains
in MDM4. Use dual luciferase reporter gene to verify the regulation between miR-34a and MDM4. Flow
cytometry was used to detect the change of apoptosis level in CLL cells before and after miR-34a mimics
and shMDM4 were respectively transfected into primary CLL cells in vitro. Meanwhile, Real-time PCR was
used to detect the change of RNA expression of MDM4, miR-34a and TP53.

Results: Up-regulated expression of miR-34a or down-regulated expression of MDM4 could increase
apoptosis of CLL cells, inhibit expression of MDM4 and decrease expression of p53 in mRNA level
compared to negative control (NC) or shNC (P<0.05). The luminescence of psiCHECK-2-MDM4 EXON
11 can be effectively inhibited by miR-34a (P<0.05).

Conclusions: MiR-34a could modulate MDM4 by binding to MDM4 exon 11 instead of 3’UTR. This
research thus highlights a forceful evidence for miR-34a/MDM4/p53 feedback circuit in CLL apoptosis.
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Introduction mechanism was due to the deficiency in apoptosis signals

Chronic lymphocytic leukemia (CLL) is the most common such as TP53-induced glycolysis and apoptosis regulator

adult leukemia in western countries with a mature B (TIGAR) (2), checkpoint kinase 1 (Chk1) (3), particularly
lymphocytes appearance (1) in morphology. The main p53 associated pathways and so on. The conventional
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Figure 1 Hypothesis of Murine double minute 4 associated feedback loop. Here we hypothesized that miR-34a could directly inhibit

MDM#4 while down-regulated expression of MDM4 led to increased expression of p53 thus a feedback loop could be well organized in the
apoptosis process of CLL cells. MDM4, murine double minute 4; miR-34a, miRINA-34a.

chemotherapy depends on normal functional p53 to induce
the apoptosis of CLL cells.

It is noted that 50% of human cancers harbor defects,
either deletion or mutation of p53 alleles (4), while over-
expression of Murine double minute 2 (MDM?2) and
MDM4 were observed in cancers remaining wild type p53
(5-7). The fact of that the loss of MDM2 and MDM4 led to
embryonic lethal mutation was first demonstrated in mice,
while the mutation of MDMs could be rescued by the loss
of p53, which indicated MDMs were essential and non-
redundant iz vivo (8-11).

MDM?2 was proved to inhibit p53 by the similar RING
domain coding protein in MDM2 and MDM4 under
unstressed conditions (12). MDM2 is an E3 ubiquitin ligase,
polyubiquitinating p53 and targeting p53 for degradation
with its RING domain (13,14). MDM4 was first reported
in 1996, which is a new member of MDM family and a
structural homolog of MDM2 (15). MDM4 was reported
to be over-expressed in appropriate 17.2% of human
cancers (16). MDM4 is lack of ubiquitin ligase activity, and
directly binding to p53 to inhibit transcriptional activity
of p53. Besides, it could interact with MDM?2 through
the RING domain to stabilize MDM?2 and to regulate
the ubiquitination of p53 and MDM2 (17). Furthermore,
Mancini et al. showed that MDM4 could act as a scaffold
at mitochondria to bring p53 and BCL2 together and
promote apoptosis (18). In previous study, MDM4 was
over-expressed in CLL cells and might be a potential target
in CLL therapy (19).
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Induction of microRNA-34a (miR-34a) in concurrent
with the decrease of MDM4 evoked by DNA damage has
been observed in several cell lines (4). MiRNAs, a classical
endogenously small non-coding RNAs, mediate gene
silencing (20) by binding to the 3’UTR of mRNAs, which
induces their destruction and/or inhibits translation. As
bona fide p53 targets, miR-34 family, first reported in 2007
(21-23), is comprised of three processed miRNAs including
miR-34a, miR-34b and miR-34c. MiR-34a has been
reported to be 9-fold down-regulated in CLL cells with
abnormal TP53 (24). The study conducted by Zenz et al.
showed the low expression of miR-34a is correlated with a
couple of causes including (I) deletion of 17p or mutation;
(II) fludarabine-refractory disease especially in the absence
of 17p deletion and (III) impaired response and apoptosis if
DNA damage occurs (25). MiR-34a has been reported to be
induced directly by p53 and promote apoptosis of CLL cells
(21-23,26). Therefore, the aim of this study is to investigate
potential modulating mechanisms of MDM4-P53-miR34a-
interaction in primary CLL cells iz vitro (Figure I).

Methods
Clinical characteristics of enrolled patients

From February 2013 to October 2015, 33 enrolled patients
were diagnosed with CLL at the First Affiliated Hospital of
Nanjing Medical University. All cases, previously untreated
or diagnosed with refractory and recurrent clinical course
haven’t received any treatments for above 3 months (Zable I).
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Table 1 Clinical and biological characteristics of 33 patients with
chronic lymphocytic leukemia

Characteristic n (%)

Gender (n=33)

Male 22 (66.7)

Female 11 (33.3)
Age (n=33)

>60 13 (39.4)

<60 20 (60.6)

Binet stage (n=33)

A 11 (33.3)

B 9 (27.3)

C 13 (39.4)
IGHV (n=22)

Unmutated (<2% deviation from a 13 (39.4)

germline)

Mutated (>2% deviation from a 9(27.3)

germline)

Not available 11 (33.3)
ZAP-70 (n=27)

>20% 12 (36.3)

<20% 15 (45.5)

Not available 6(18.2)
CD38 (n=26)

>30% 4 (15.4)

<30% 22 (66.7)

Not available 7(21.2)
Cytogenetics (n=33)

Deletion in 17p13 (n=25) 7(21.2)

P53 mutation (n=13) 3(9.1)

Furthermore, we assessed prognosis associated factors
including gender, age, Binet stage, IGHV mutational status,
ZAP-70, CD38 and cytogenetics.

Ethic statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the ethics committees of the First Affiliated
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Hospital of Nanjing Medical University (No.: 2011-SRFA-
031) and informed consent was taken from all the patients.
All of the analyses were performed in accordance with the
principle of relevant guidelines and regulations.

Cell culture

Peripheral blood samples were obtained from 33 patients
with CLL. Mononuclear leucocytes were isolated from
peripheral blood by Ficoll-isopaque centrifugation and
above 90% of cells were CD19 positive according to flow
cytometry. The cells were re-suspended in RPMI 1640
supplemented with 10% heat-inactivated fetal bovine serum
in a 5% CO,-humidified atmosphere at 37 °C for 24 h.

Luciferase reporter assays

According to the bioinformatic approaches, there are 4
miRNA-34a binding domains in the 3’UTR (Figure 2), even
if Mandke ez a/., 2012 pointed out that MicroRNA-34a
modulates MDM4 expression via a target site in the open
reading frame (27). We take advantage of a commercial cell
line, 293T cells (HEK-293'T, Human embryonic kidney
cell line) (ATCC Cat# CRL-3216, RRID: CVCL_0063)
to verify our hypothesis in luciferase reporter assays based
on the limitation of CLL cell lines iz vitro. The 3’UTR
and exon 11 of MDM4 containing the putative binding
site of miR-34a were established and cloned in the firefly
luciferase-expressing vector psiCHECK-2 (psiCHECK-2
Vector is designed to provide a quantitative and rapid
approach for optimization of RNA interference) (Promega
Corporation) respectively, and then named psiCHECK-
2-MDM4-UTR or the psiCHECK-2-MDM4-exon.
Cells were seeded in 48-well plates for 24 h before
transfection and were transiently transfected with either the
psiCHECK-2-MDM4-UTR or the psiCHECK-2-MDM4-
exon together with miR-34a mimics or miR-Ctr]l combined
with lipofectamine 2000 (Invitrogen, USA). After 48 h,
cells were harvested and detected for luciferase activities
by the Dual-luciferase Reporter Gene assay kit (Promega,
Beijing, China). We conducted three culture repeats for
the average and ensured accuracy. Details and procedure
were provided as supplemental experimental procedures
(two PDF file A6069-1 and A6069-2 & Luciferase reporter
assays, available at: http://fp.amegroups.cn/cms/3e457ba
8f49a582ca4e35f11426a7¢39/tcr-20-1710-1.docx; htep://
fp.amegroups.cn/cms/5f082ba7df2c4£fd04904502ede582
5b2/ter-20-1710-2.docx; http://fp.amegroups.cn/cms/2b5b
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Position Sequence
Position 191-197 of MDM4 3' UTR 5' ...AAUCAGGAUGUGGGU AU...
hsa-miR-34a-5p 3' UGUUGGUCGAUUCUG U
Position 547-554 of MDM4 3' UTR 5'...CUCCACGUCUGAUAUCACUGCCA...
hsa-miR-34a-5p 3' UGUUGGUCGAUUCUGUGACGGU
Position 5269-5276 of MDM4 3' UTR 5' ...AAUGUAAGAUUGAGU A..
hsa-miR-34a-5p 3' UGUUGGUCGAUUCU u
Position 5856-5863 of MDM4 3' UTR 5' ...AUGUCUGGAAUUUUGCACUGCCA...
hsa-miR-34a-5p 3' UGUUGGUCGAUUCUGUGACGGU

Figure 2 Predicted consequential pairing of target region and miRINA.

268bel7cd131aelf5cc40bcle2f0/ter-20-1710-3.docx).

Luminescence in situ bybridization (FISH)

FISH and PCR analysis were performed on the samples 25
from 33 CLL patients. The following fluorescent labeled
probes were used in interphase FISH: LSI MYB (6q23), LSI
ATM (11q22), LSD13S319 (13q14), LSI IGHC/IGHV
(14q32), LSI p53 (17p13) and CEP12 (centromere 12) (all
probes were purchased from Vysis, Downers Grove, IL, USA).

Flow cytometry

Flow cytometric analysis of CD38 and ZAP-70 was
performed on fresh peripheral blood or bone marrow
samples stained with CD5-FITC, CD19-ECD, CD38-
PE (clone HB-7; BD Biosciences) and ZAP-70-PE (clone
1F7.2; Caltag). Isotype controls were run with each sample
to distinguish positive cells from negative cells. The cut off
point for CD38-positive and ZAP-70-positive in CLL cells
was 30% and 20%, respectively.

Transfection

The isolated cells were predominantly clonal B cells
(>90% CD5+CD19+), as assessed by flow cytometry
(FACScan, Becton Dickinson, San Jose, CA, USA). Freshly
isolated CLL cells were seeded in six-well plates (5x10°
cells/well). After 6 h, they were treated with mixture
of 3 pL lipo2000 (Invitrogen) and 30 pmol miR-34a
mimics (5'-UGGCAGUGUCUUAGCUGGUUGU-3',
5'-AACCAGCUAAGACACUGCCAUU-3")or negative
control (NC) (5'-UUCUCCGAACGUGUCACGUTT-3',
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5'-ACGUGACACGUUCGGAGAATT-3"), 0.8 pg short hair
MDM4 (shMDM4) (5'-GCTGCTGATACTGAACAAACA-3',
5'-GCAACTCAGTGGAATTCTTGG-3") or sh-negative
control (shNC) (5'-GTTCTCC GAACGTGTCACGT-3")
(Genephama, Shanghai, China) and then cultured in RPMI-
1640 medium supplemented with 10% FCS in a humidified
atmosphere containing 5% CO, at 37 °C. The CLL cells
were harvested for RNA and protein extraction after 24 h.

Detection of apoptosis

The apoptosis rate was detected 24 hours after the
transfection. Use Annexin V/PI double staining to detect
apoptosis. Alive cells were Annexin V-positive (=) and PI-
negative (—), necrotic cells were Annexin V-positive (+)
and PI-negative (+), while apoptotic cells were Annexin
V-positive (+) and PI-negative (-). In our research, the
percentage of Annexin V-positive (+) and PI-negative (-)
cells in all including alive cells, necrotic cells and apoptotic
cells was defined as apoptosis rate using the Annexin V kit
(Invitrogen) according to the manufacturer’s instructions.

Quantitative real-time RT-PCR

miRNA qRT-PCR was performed according to the
manufacturers’ recommendations. Total RNA was
isolated from CLL cells by Trizol (TaKaRa, Japan).
After isolation of RNA, 1 pg of total RNA from each
sample was reverse-transcribed using the Reverse
Transcription Reagents (Applied Biosystems). Reverse
transcriptase reactions contained: 1 pg of purified
total RNA, 5xM-MLV buffer (Invitrogen, USA)
4.0 pL, M-MLV (200 U/pL, Invitrogen, USA) 1.0 pL,
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Primer Sequence (5'-3")
ue RT AACGCTTCACGAATTTGCGT
Forward CTCGCTTCGGCAGCACA
Reverse AACGCTTCACGAATTTGCGT
miR-34a RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACAACCAG
Forward ACACTCCAGCTGGG TGGCAGTGTCTTAGCT
Reverse TGGTGTCGTGGAGTCG
MDM4 Forward TGGGAGAACTACTGGGACGT
Reverse TCCTGTGCGAGAGCGAGAGT
p53 Forward ATGAGCGCTGCTCAGATAGC
Reverse TCAAAGCTGTTCCGTCCCAG
B-actin Forward AGCGAGCATCCCCCAAAGTT
Reverse GGGCACGAAGGCTCATCATT

DTT 1.0 pL, stem-loop RT primer (10 pmol/L)
1.0 pL, RNase Inhibitor (40 U/pL) 0.5 pL, dNTP
(10 mmol/L) 1.0 puL, 20 pL reactions were performed with
the following thermal cycling parameters: 60 min at 42 °C,
5 min at 85 °C and then held at 4 °C. Reactions for qRT-
PCR were conducted in duplicate, using the Applied
Biosystems ABI 7300 Real Time PCR system. Each
reaction mixture was contained of 3 pL of RT product and
SYBR GREEN master (Roche, Switzerland) 10 pL, 0.5 pM
of each primer (7able 2), and deionized water up to a total
volume of 20 pL. Reactions were run with the following
thermal cycling parameters: 95 °C for 5 min followed by
35 cycles of 95 °C for 30 s (denaturation) and 60 °C for
30 s, melting curve stage of 95 °C for 15 s, 60 °C for 1 min
and 95 °C for 15 s. Each sample was normalized based on its
endogenous U6 RNA content.

The levels of putative target mRNA (MDM4, p53) were
also evaluated by real-time PCR. For the PCR analysis,
B-actin was used as an internal control. The PCR primers
for B-actin, MDM4 and p53 were designed using the Primer
5.0 (Table 2). In a total volume of 20 pL of reaction mixture,
6 pL of complementary DNA templates were mixed with
10 pL of SYBR GREEN master (Roche, Switzerland)
according to the manufacturer’s instruction and each pair of
primers at a final concentration of 100nM. Cycle conditions
for MDM4, p53 and B-actin were one cycle for 10 min at
95 °C, 35 cycles for 30 s at 95 °C, 30 s at 58 °C, 30 s at 72 °C,
and finally, 1 cycle for 15 s at 95 °C, 1 min at 57 °C and 15 s

© Translational Cancer Research. All rights reserved.

at 95.3 °C. The threshold cycle (Ct) was defined as the
fractional cycle number at which the luminescence passes
the fixed threshold, and each sample was normalized based
on its endogenous P-actin RNA content and was assayed in
duplicate.

Setting 3 repetitions for each hole, avoiding light on ice.
Each specimen simultaneously amplified the target gene
and U6 internal reference gene. The experiment uses the
following formula to calculate the relative expression of
the target gene: the relative expression of the target gene
miRNA = 2 V™R (176 Ct value of the internal reference
gene U6). Relative expression of target gene MDM4 =2
(Fracin-MDM (B_actin: Ct value of internal reference gene
B-actin). Relative expression of target gene p53= 2 <™
(B-actin: Ct value of internal reference gene B-actin).

IGHV mutational status was determined by PCR-based
DNA sequencing from DNA extracted from peripheral
blood or bone marrow samples, with a cut off value of
that more than 2% germline divergence was defined as
“mutated”.

Statistical analysis

All statistical analyses were performed using the SPSS 20.0
and GraphPad Prism 5.0. Differences between groups
were analyzed using Mann-Whitney U test P<0.05 was
considered statistically significant. All statistical testing
was performed taking into account that paired statistical
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Figure 3 The fluorescence of psiCHECK-Murine double minute 4 EXON 11 and 3’untranslated region. MDM4, murine double minute 4;

miR-34a, miRNA-34a; UTR, untranslated region.

tests should be used in all tests. An effect was considered
statistically significant at P<0.05. ACt was calculated by
subtracting the Ct of reference genes (U6 small nuclear
RNA and B-actin) from the Ct of the genes of interest. The
relative amount of miRNAs and MDM4, p53 mRNAs was
calculated by the equation 2“" MiRNAs expression levels
were compared by Mann-Whitney independent z-test.

Results
Characteristics of patients

The clinical characteristics of 33 CLL patients are
summarized in Table 1. A total of 33 patients were included
with 22 male and 11 female patients. The median age was
56 (range, 23-75) years old. According to the Binet clinical
staging system, 11 patients (33%) were classified as Binet
stage A, 9 (27%) as Binet stage B, and 13 (39%) as Binet
stage C. There were 7 patients containing a deletion of
17p13 and 3 patients harboring a TP53 mutation. Only part
of the cohort was investigated for 17p deletion (25/33, 7
cases were positive) and TP53 mutation (13/33, 3 cases were
positive). Not all patients were first treated or diagnosed
in our hospital and some of them refused to accept the
detection of 17p deletion and TP53 mutation.

Luciferase reporter assay

The luminescence of psiCHECK-2-MDM4 EXON 11 can
be effectively inhibited by has-miR-34a (inhibition rate:
24%, P=0.007, Figure 3) (Supplemental File: Luciferase
reporter assays) while the luminescence of other binding
region in 3’UTR could not be obviously decreased

© Translational Cancer Research. All rights reserved.

(P=0.829), which indicate that miR-34a can binding to
MDM4 through domain of exon 11 instead of 3’UTR in
293T cells even if Mandke er #/., 2012 pointed out that
MicroRNA-34a modulates MDM4 expression via a target
site in the open reading frame (27).

The luminescence of psiCHECK-2-MDM4 EXON 11
can be effectively inhibited by has-miR-34a (inhibition rate:
24%, P=0.007) while that of psiCHECK-2-MDM4 UTR
can not be inhibited by has-miR-34a (inhibition rate: 3%,
P=0.829). Lines represented the mean + SD.

Changes of mRNAs expression after transfection

Hsa-miR-34a mimics and miR-NC were transfected into
primary CLL cells in vitro respectively and harvested after
24 h for evaluating expression of miRNA by RT-PCR. And
the changes of mRNAs expression were presented in both
Figures 4 and 5. The results showed that median miR-34a
mRNA level in the group transfected with hsa-miR-34a and
miR-NC was 0.254 (95% CI, 0.180-0.382) and 0.0004 (95%
CI, 0.0002-0.004) respectively (P<0.005) (Figure 44, line
presented mean), which indicates the transfection of Hsa-
miR-34a mimics was efficient. Owing to the limitation of
samples, 18 cases of 32 samples were analyzed for apoptosis
of hsa-miR-34a and miR-NC.

ShMDM#4 and sh-NC were transfected into primary
CLL cells in vitro respectively and harvested after 24 h
for evaluate expression of MDM4 RNA by RT-PCR. The
results showed that median MDM4 mRNA level in the
group transfected with shMDM4 and sh-NC was 0.033
(95% (I, 0.031-0.063) and 0.06291 (95% CI, 0.048-0.202)
respectively (P=0.031) (Figure 5A, line presented mean),
which indicates the transfection of ShAMDM4 was efficient.

Transl Cancer Res 2020;9(10):6143-6153 | http://dx.doi.org/10.21037/tcr-20-1710



Translational Cancer Research, Vol 9, No 10 October 2020

p<0.0001,N=18

A 0.8
C
Ke]
[} (]
g 061 P
Q —
3
® 04 ole
3 P
T 02 1.
E ole
o oo
0.0 e
miR-34a mimics NC
P=0.0392, N=30
C
0.8 7
| |
c 061
2 04 ° =
g o
= J Ny
g 027 oe® — e
3 010 _
< 008 o —3—
S 006 ¢ W .
0.04 4 v~d4 m
oce] oot H
0.00 L2202 "Ce% LLL L LT .
miR-34a mimics NC

6149
P=0.0408,N=27
B 50 -
L[]
X 454 °
~ — [ |
2
S 404 ° —_——
L *
[72]
S 354 i A —_—
Q
o
2 30 U —a
| |
25 . "
miR-34a mimics NC
P=0.0486,N=9
D
0.020 7
[ )
0.015
c
Ke] L4
@ 00104 _ |
o — ¢
3
S oos{  —— —3—
g s
(] I.
0.000 T T
miR-34a mimics NC

Figure 4 before and after transfection of miRINA-34a and miR-NC. (A) mRNA expression of miR-34a enormously increased after

transfected with hsa-miR-34a mimics indicating an effective transfection (P<0.0001); (B) the apoptosis rate in primary CLL cells transfected

with hsa-miR-34a mimics was significantly higher than that of NC(P=0.0408); (C) primary CLL cells transfected with hsa-miR-34 mimics
showed a lower MDM4 mRNA expression compared with NC (P=0.0392); (D) p53 mRNA expression in primary CLL cells transfected
with miR-34a was statistically higher than that of NC (P=0.0486). MDM4, murine double minute 4; miR-34a, miRNA-34a; NC, miR-NC

(miRNA-negative control).

Apoptosis rate

Our pre-experiment found that the number of chronic
lymphocytes that died after 48 h was high in several cases.
Considering the fragile CLL cells in vitro, we made the
choice of 24 h instead of 48 h to evaluate the apoptotic
process. The proportion of apoptosis cells was increased
after CLL cells were transfected with hsa-miR-34a mimics
or shMDM4 compared with miR-NC (Figure 4B, plot
represented Mean with SEM) and shNC (Figure 5B, line at
Mean with SEM) respectively. The median apoptosis rate
of CLL cells after transfected with hsa-miR-34a mimics was
35.6% (95% CI, 29.2-48.0%) while the median apoptosis
rate of miR-NC was 25.6% (95% CI, 24.7-45.5%)
(P=0.041) (Figure 4B, plot represented Mean with SEM),
the median apoptosis rate of CLL cells transfected with
shMDM4 was 27.4% (95% CI, 25.8-47.0%) while that of
shMDM4-NC was 25.8% (95% CI, 21.1-43.5%) (P=0.015)
(Figure 5B, line at Mean with SEM). According to our

© Translational Cancer Research. All rights reserved.

research, increased expression of miR-34a or shMDM#4 can
promote apoptosis of CLL cells.

Correlation between miRNA and predicted target genes

We analyzed correlation among expression of MDM4,
TP53 and miR-34a mRNA. As the effect of miR-34a
transfection on MDM#4 expression is showed in Figure 4C,
line at Mean with SEM, Primary CLL cells transfected
with hsa-miR-34 mimics showed a lower MDM4 mRNA
expression compared with NC (P=0.039). The median
mRNA expression of MDM4 was 0.037 (95% CI, 0.029-
0.091) after transfected with miR-34a mimics while the
median mRNA expression in miR-NC was 0.040 (95%
CI, 0.055-0.174) (P=0.039) (Figure 4C, line at mean with
SEM). MDM4 could be inhibited by upregulating miR-34a
depending on our results. A negative correlation between
down-regulated expression of MDM4 mRNA and TP53
mRNA was observed (P=0.029) (Figure 5C, line presented
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Figure 5 before and after transfection of Murine double minute 4 and short hair negative control. (A) Primary CLL cells transfected
with shMDM4 revealed a down-regulation of MDM#4 in comparation with shNC (P=0.0308). (B) The apoptosis rate in primary CLL
cells transfected with shMDM4 was significantly higher than that of sh-NC (P=0.0154). (C) p53 mRNA expression in primary CLL cells
transfected with shMDM4 was statistically higher than that of sh-NC (P=0.0294). MDM4, Murine double minute 4; sh, short hair; NC,

negative control.

mean). The median expression of TP53 was 0.005 (95%
CI, 0.003-0.008) after being transfected with shMDM4
while the median expression of TP53 in shNC group was
0.004286 (95% CI, 0.003-0.007). TP53 could be indirectly
upregulated by downregulating MDM#4 according to our
research. Interestingly, expression of TP53 in mRNA after
transfected with miR-34a mimics was 0.005 (95% CI,
0.003-0.012) while the mRNA expression of TP53 in NC
group was 0.003 (95% CI, 0.002-0.008). TP53 expression
was observed increased after upregulating miR-34a
compared to NC group (P=0.049) (Figure 4D, line presented
mean), which might due to indirectly downregulating
MDM4 or much more other signal pathways. These results
suggest that MDM4 could be suppressed by miR-34a in
CLL cells while an indirect negative correlation between
MDM4 and TP53 mRNA expression was detected, which is
consistent with pathways showed in Figure 1.

Discussion

CLL is conventionally treated by routine chemotherapy
depending on its normal functional TP53. Increased
expression of MDM4 associated with aberrant TP53
genotypes indicated poor prognosis. Over-expression
of MDM4 was constantly found in several malignancies
including CLL and Mantle cell lymphoma (19,28).
Interestingly, expression of MDM4 was increased in part
of CLL patients with deletion or mutation of TP53 and
its expression was associated with staging and deletion

of ATM (29). TP53 plays a crucial role in inhibiting

© Translational Cancer Research. All rights reserved.

tumorigenesis by stabilizing the homeostasis of genome (30).
Some targeting genes can be inhibited by miR-
34a in post-transcription period to modulate the
formation and development of tumors (31). Besides,
miR-34a was proved to show a negative correlation
with MDM#4 in the specific tissue from human
lung adenocarcinoma (32). MiRNAs encoding by
endogenous genes take actions in post-transcriptional
level through targeting at specific mRNAs (20)
linked with the process of CLL (30-35). It is suggested
that miR-34a may play a crucial role in the pathogenesis of
CLL. Considering of the difficulties of primary CLL cells
culture and transfection 7z vitro and limitation of volume
in peripheral blood samples, we adopt one kind of method
like annexin-V and PI staining to detect apoptosis of our
samples in time without a second method like detection
of cleaved PARP or caspases to validate these results to
enhance credibility of our research. On the basis of the
results that upregulated expression of miR-34a resulted in
increased apoptosis of CLL cells, decreased expression of
MDM4 accompanied with increased expression of TP53,
it was proved that miR-34a could indirectly modulate
expression of MDM4, and then modulate TP53. We
firstly guarantee the enough samples for the experiment
of detection of apoptosis rate, expression of mRNA and
miRNA by RT-PCR, and didn’t have enough samples for
further detection of protein level. Treatment with miR-34a
mimics or sh-MDM4 for 48-72 h ex-vivo might give better
results with respect to apoptosis if CLL cells overcame their
fragility ex-vivo.
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Based on our hypothesis, we hope that the increased
apoptosis rate induced by miR-34a or MDM4 modulation
in primary CLL is TP53-mediated. According to our
research, a total of 32 samples transfected with miR-
34a mimics and NC were used for analysis efficiency of
transfection of miR-34a, and 27 cases were detected for
apoptosis rate. And all these samples with TP53 aberrations
(TP53 mutation: 1 case, TP53 mutation + 17p deletion: 2
case, 17p deletion: 3 case) didn’t showed obvious increased
apoptosis rate after transfection of miR-34a. We tested
the kind of mutation of the three patient with mutTP53
and found the ability of inactivating partially while we
thought 17p deletion played a much more important role.
Unfortunately, we have not detected the percentage of cells
carrying dell7p/TP53 mut to clarify if they were present at
clonal or subclonal level. Besides, a total of 28 samples were
transfected with MDM4 and sh-NC for analysis efficiency
of transfection of MDM4, and 24 cases were detected for
apoptosis rate. And 4 cases harboring p53 aberrations (17p
deletion: 1 case, 17P deletion + p53 mutation: 2 case, p53
mutation: 1 case) transfected with shMDM4 didn’t showed
increased apoptosis rate after transfection of shMDM4
while 2 cases harboring 17p deletion increased apoptosis
rate. On the basis of above results, we think miR-34a and
MDM4 could modulate apoptosis depend on functional
TP53 signaling pathway. Besides, upregulated MDM4 may
partly regain TP53 function especially in p53 aberrations.
Considering the deficient number of cases with TP53
aberrations, it needs much more exploration.

The luminescence of psiCHECK-2-MDM4 EXON 11
can be effectively inhibited by has-miR-34a. MiR-34a could
directly modulate the expression of MDM#4 by binding
to the region of MDM4 exon 11, which provides direct
evidence for the exploration of miR-34a/MDM4 associated
pathway and a new idea for the treatment of CLL. Besides,
miR-34a couldn’t bind to 3'UTR of MDM4 while it could
bind to the protein coding region (opening reading frame)
above 3'UTR. Even if so many miRNAs take effects on
target genes through its 3'UTR, a little miRNA could bind
to some coding regions. DNMT1 could be regulated by
miR-148 through coding region (36) and HNF4A could be
modulated by miR-34a through coding region (37).

Furthermore, decreased expression of MDM4 could
cause gained apoptosis of CLL cells and increased
expression of TP53 mRNA. In our manuscript, 5 cases of
harboring TP53 aberrations (17p deletion: 4 cases, 17P
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deletion + p53 mutation: 1 case) were transfected with miR-
34a mimics and 7 cases harboring TP53 aberrations (17p53
deletion: 4 cases, 17P deletion + TP53 mutation: 2 case,
TP53 mutation: 1 case) were transfected with shMDM4.
MDM#4 and p53 at protein level by western blotting before
and after transfection may strengthen our conclusions. The
relevant limitations of this study that MDM#4 silencing
results in a similar phenotype does not demonstrate, but
simply suggests that the effects of miR-34a might be
mediated by MDM4 reduction.

Jones et al. pointed out the combination of an human
homolog of the murine double minute protein-2
(HDM-2) with MI-63 and ribonucleotide reductase
inhibitor like gemcitabine shed a light on patients with
relapsed wt TP53 MCL (38). Nutlin-3, as an inhibitor of
MDM family members, plays an important role in inducing
apoptosis of MCL and HL by efficiently activating TP53.
But we haven’t found the similar phenomena in other
lymphomas such as FL, DLBCL, MZL, specially HBV+ or
EBV+ lymphoma. It provides us a new direction to explore
the potential feedback loop in other lymphomas.

Conclusions

Although MDM4 and miR-34a are vital partials in TP53
pathways, the reciprocally modulating mechanisms among
them haven’t been clarified clearly in hematological
malignancies (39). It is constantly proved that MDM
family members can modulate p53 in transcriptional and
posttranscriptional levels via binding TP353, sealing the active
transcriptional domain of TP53 and realizing inhibiting
transcription and function of mitochondria. MiR-34a
prevents such genes including MDM4 in post-transcriptional
level to enhance the activity of TP53 and decrease the
degradation of TP53. MDM4 was proved to be directly
inhibited by miR-34a according to luciferase reporter
assay which is different from Mandke et al.’s research (27)
and be indirectly upregulated through downregulating
miR-34a based on results of transfection. TP53 was
proved to be indirectly upregulated by inhibiting MDM4
or upregulating miR-34a. Apoptosis rates of CLL cells
were detected to be increased after transfection with miR-
34a mimics or shMDM4. Above all, we draw a conclusion
that regaining the balance among p53/miR-34a/MDM4
pathway may shed a light on the treatments of hematological
malignancies worthy to be further explored and expounded.
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