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activation and MMP expression induced by MALT1
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Abstract: This study aimed to investigate the therapeutic effect of the mucosa-associated lymphoid tissue lym-
phoma translocation gene 1 (MALT1) on diffuse large B-cell lymphoma (DLBCL) and its underlying molecular mecha-
nism through the application of Z-Val-Arg-Pro-DL-Arg-fluoromethyl ketone (Z-VRPR-FMK). Cultured OCI-LY10 cells 
and their xenografts in nude mice were treated with Z-VRPR-FMK. The growth and invasiveness of the tumor were 
observed. The components of the NF-κB signaling pathways, such as P65, MALT1, A20, matrix metalloproteinase 2 
(MMP2) and MMP9, were detected using a real-time fluorescent quantitative polymerase chain reaction, immuno-
histochemical staining, and a Western blot analysis. Z-VRPR-FMK inhibited the growth and invasiveness of OCI-LY10 
cells and their xenografts. The increase in the tumor volume was slower in the experimental group than it was in the 
control group, and the weight of the nude mice was significantly different between the two groups on the 11th and 
13th days of treatment. The expression of P65 was significantly lower at the gene level in cultured OCI-LY10 cells 
and transplanted tumors than in the controls after treatment with Z-VRPR-FMK. The nuclear expression of the P65 
protein of xenografts also decreased, but the nuclear expression of the A20 protein followed a reverse pattern. The 
expressions of the MALT1, MMP2, and MMP9 proteins were lower in the OCI-LY10 cells and transplanted tumors 
treated with Z-VRPR-FMK compared with the controls. This study indicates that MALT1 might serve as an effective 
therapeutic target for activated B-cell (ABC)-like DLBCL. Z-VRPR-FMK inhibits the growth and invasiveness of ABC-
like DLBCL by depressing the proteolysis of A20, the activation of NF-κB, and the expression of MMP9 and MMP2 
induced by the MALT1 protein. 

Keywords: Z-VRPR-FMK, lymphoma, MALT1, A20, NFκB, MMPs

Introduction

Diffuse large B-cell lymphoma (DLBCL), an 
aggressive lymphoma, occupies about 30%-
40% of non-Hodgkin lymphomas in adults [1, 
2]. DLBCL is also a group of heterogeneous 
large-cell lymphomas. Of these, DLBCL not oth-
erwise specified is the most common subtype. 
DLBCL can be divided into at least three sub-
types according to the genetic profiles of its 
presumed cell of origin: (1) germinal center 
B-cell (GCB)-like DLBCL; (2) activated B-cell 
(ABC)-like DLBCL; and (3) primary mediastinal 
large B-cell lymphoma. ABC-like DLBCL has a 
worse clinical course and prognosis compared 
with GCB-like DLBCL [3]. Since patients respond 

differently to common therapy, it is necessary 
to discover new therapeutic targets for the indi-
vidualized treatment of DLBCL. The abnormal 
activation of NF-κB is an important feature of 
DLBCL, especially ABC-like DLBCL. NF-κB/p65 
was found to be overexpressed in the nucleus 
of ABC-like DLBCL and is associated with a 
poor prognosis of the tumor [4, 5]. Matrix me- 
talloproteinases (MMPs), a protease family 
involved in the degradation of the extracellular 
matrix, is closely related to tumor invasion and 
metastasis [6, 7]. NF-κB is the transcriptional 
regulator of MMPs. It can lead to the overex-
pression of MMPs by binding to the -615 and 
-600 loci of the MMP promoter [8, 9]. In DLBCL, 
some recurrent mutations/gene alterations, 
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such as mucosa-associated lymphoid tissue 
lymphoma translocation gene 1 (MALT1), tumor 
necrosis factor, the alpha-induced protein 3 
gene (TNFAIP3, A20), the MAGUK family of pro-
teins (CARD II/Carma1/Bimp3), B-cell leuke-
mia/lymphoma 10 (BCL10), and the myeloid 
differentiation primary response gene (MyD88), 
are associated with the dysregulation of NF-κB 
[10, 11]. Finding novel therapeutic targets for 
DLBCL might be helpful in exploring the genetic 
features and the relative signal transduction 
pathway [12]. A previous study reported an up- 
regulated expression of MATL1 mRNA in DLBCL. 
The overexpression was associated with the 
expression of BCL2 and the poor prognosis of 
DLBCL. The MALT1 protein (also named para-
caspase) can activate NF-κB. It phosphorylates 
the kappa B kinase in several ways such as 
self-oligomerization, formation of CBM (forma-
tion of complexes with membrane-associated 
ornithine kinase protein-1 and the B-cell leuke-
mia/lymphoma 10 and MALT1) complex [13]. 
Ubiquitination and the proteolytic effect of 
MALT1 are also closely related to the activation 
of NF-κB [14, 15]. A20 is a negative regulator of 
NF-κB. It can block the upstream signal from 
the IKKγ subunits to IKKα and IKKβ by interact-
ing with IKKγ, thus blocking the activation of 
NF-κB. The proteolytic effect of MALT1 on the 
A20 protein helps in the activation of NF-κB 
[16]. Therefore, blocking the MALT1 protein 
may inhibit the activation of NF-κB through mul-
tiple mechanisms. Z-Val-Arg-Pro-DL-Arg-fluoro- 
methylketone (Z-VRPR-FMK), a peptide inhibi-
tor, is a tetrapeptide composed of valine, argi- 
nine, proline, and arginine. It can suppress the 
MALT1 protein irreversibly. This study investi-
gated the therapeutic effect of MALT1 on 
DLBCL and its underlying molecular mecha-
nism using Z-VRPR-FMK.

Materials and methods

Cell culture and treatment

OCI-LY10, an ABC-like DLBCL cell line, were 
donated by the Laboratory of Hematology of 
the Affiliated Hospital of Guizhou Medical 
University. The OCI-LY10 cells were cultured at 
37°C in the presence of 5% carbon dioxide in 
84% Iscove’s modified Dulbecco’s medium sup-
plemented with 15% FCS, 1% penicillin, and 
streptomycin. The cells in the logarithmic phase 
were collected and adjusted to the appropriate 
concentration. Then, 80 μL of the cells were 

inoculated in a 96-well plate. The concentra-
tion of the cells was about 1.25 × 105/mL per 
hole, and the zero hole was set. The cells were 
placed in an incubator maintained at 37°C, 5% 
CO2, and 95% saturated air. They were divided 
into two groups and treated with 75 mol/L of 
Z-VRPR-FMK for 6, 12, 24, 36, and 48 h and 
then fresh serum culture medium successively. 
Further, 10 μL of MTT solution was added to 
each hole and incubated in an incubator at 
37°C for 4 h. The resulting formazan crystals 
were dissolved in DMSO. The absorbance was 
read at 570 nm on a Rayto RT-6000 microplate 
reader (Rayto Life and Analytical Sciences Co., 
Ltd., Shenzhen, China).

Transwell migration assay

Biocoat Matrigel invasion chamber inserts (BD 
Biosciences) were mixed with a serum-free 
medium (1:9) on ice boxes. The chambers were 
placed on 24 orifices. A total of 2 × 105 cells 
from each orifice in the serum-free medium 
were seeded into the upper chamber of the 
insert precoated with Matrigel for a migration 
assay following various treatments (10 µL of 
Z-VRPR-FMK for the inhibitor group and 10 mL 
of a non-serum culture medium for the blank 
control group). Then, 500 µL of the 10% medi-
um was added in the lower chamber. The cells 
on 24 orifices were incubated overnight at  
37°C with 5% CO2. The inoculated cells were 
removed and those in the lower chamber were 
observed under a microscope. The cellular sus-
pension in the lower chamber was moved into 
96-well plates and subjected to MTT detection 
(the absorbance was set at 600 nm).

Model establishment and the treatment of the 
xenografts of large B-cell lymphoma in nude 
mice

A total of 8 female BALB/c nude mice of SPF 
grade (aged 4-6 weeks and weighing 16-20 g) 
were purchased from Beijing HuaFuKang Bio- 
technology Company [qualified animal license 
numbers: SCXK (Beijing), 2014-0004, Certi- 
ficate of Quality No: 11401300032066]. The 
experiment was approved by the ethics com-
mittee of Guizhou Medical University (docu-
ment number: No1503004). The BALB/c nude 
mice were fed in cages sterilized with high-
pressure steam. The biological laminar flow 
rack for these cages was also subjected to UV 
disinfection on a regular basis. A constant tem-
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perature (about 25°C) and humidity (about 
50%) were maintained in the room. The experi-
mental operation was conducted under aseptic 
conditions after a week of adaptive feeding and 
several days of pretreatment with an intraperi-
toneal injection of cyclophosphamide (75 mg/
kg; 0.2 mL). The cell suspension concentration 
of the OCI-LY10 cells in the logarithmic growth 
phase was adjusted to 2 × 107/mL using a 
serum-free culture medium. Further, 0.2 mL of 
the suspension was injected subcutaneously 

into the left forelimbs of all nude mice. The 
tumor formation was observed at different 
times, and a tumor growth curve was plotted. 
After the successful modeling, the animals 
were divided into experimental and control 
groups. The two groups of nude mice were 
injected with 0.2 mL of Z-VRPR-FMK (37.5 M) or 
saline, respectively, every other day for 12 
days. After the aforementioned treatment, 
these animals were sacrificed, and the trans-
planted tumors were examined using a morpho-
logic observation, immunohistochemical stain-
ing, and a molecular biological examination. 

Morphological observation and immunopheno-
type detection

The morphological changes were observed 
using traditional hematoxylin and eosin stain-
ing. The immunophenotypes were detected 
using immunohistochemical staining. For this, 
4-µm-thick paraffin slices were prepared. The 
Envision two-step method and DAB, a chromo-
genic agent, were used after dewaxing, hydra-
tion, eliminating endogenous peroxidase, and 
antigen retrieval. The primary antibodies and 
their dilutions were as follows: MALT1 (Abcam, 
1:100), A20 (Abcam, 1:300), NF-κB (P65, 
Abcam, 1:100), MMP9/2 (Abcam, 1:100), CD20 
(MXB, 1:200), CD10 (MXB, 1:100), BCL6 (MXB, 
1:100), and MUM1 (MXB, ready to use). The 
P65-positive signal was located in the nucleus 
(activation performance of NFκB), while the 
other signals were found in the cytoplasms. Ten 
fields of view (40 × magnification) were ran- 
domly selected for counting the positive cells, 
and the average number of the 10 fields of view 
denoted the positivity rate. Further, if ≥ 20% 
cells stained positive, they were arbitrarily con-
sidered positive, and if < 20% cells stained 
positive, they were considered negative for esti-
mating the levels of P65, A20, MALT1, MMP2, 
and MMP9 proteins. 

Quantitative real-time polymerase chain reac-
tion

Total RNA was extracted from the OCL-LY10 
cells and the transplanted tumor tissue using 
TRIzol reagent (Invitrogen, USA) according to 
the manufacturer’s protocol. The purity and 
concentration of total RNA were determined 
using a nucleic acid measurement instrument 
(ND200). Also, cDNA from 0.1-5 ng total RNA 
was synthesized with the RevertAid M-MuLV 

Figure 1. The effect of Z-VRPR-FMK on the growth of 
OCI-LY10 cells. Values are presented as the mean ± 
SD. #P < 0.01 versus the control group.

Figure 2. The effect of Z-VRPR-FMK on the invasive-
ness of OCI-LY10 cells. Values are presented as the 
mean ± SD. #P < 0.01 versus the control group.
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reverse transcriptase (Invitrogen). A quantita-
tive real-time polymerase chain reaction (PCR) 
was performed using a reaction system of 20 
µL as follows: 1 μL (100 ng) of the template, 10 
µL of SYBR Green, 10 µM (1 µL) of each primer 
(forward and reverse), and nuclease-free water 
to a final volume of 20 µL. The primers were 
designed using Premier 5.0. GAPDH was used 
as an internal control. The primer sequences 
were as follows: P65 (5’-ATGTGGAGATCATT- 
GAGCAGC-3’, 5’-CCTGGTCCTGTGTAGCCATT-3’); 
GAPDH (5’-TGGACTCCACGACGTACTCAG-3’, 5’- 
ACATGTTCCAATATGATTCCA-3’). PCR was per-
formed on an ABI Real-Time PCR system 7500 
Fast Thermal Cycler (Applied Biosystems, Inc., 

USA). The cycling conditions were as follows: 
95°C for 10 min, 40 cycles of 95°C for 30 s, 
60°C for 30 s, 72°C for 40 s, and eventually 
72°C for 5 min. Data were analyzed using the 
Sequence Detection Software version 1.6.3 
supplied by Applied Biosystems. The compara-
tive cycle threshold (ΔΔCt) method was adopt-
ed for quantitation.

Western blot analysis

To prepare the protein extracts, OCI-LY10 cells 
(3 × 106) or 100 mg tumor tissues were fully 
lysed with a RIPA buffer on ice for 15 min. 
These lysed cells or tissues were centrifuged at 

Figure 3. A transplanted tumor of OCI-LY10 cells in nude mice. (A-C) Z-VRPR-FMK groups; and (D-F) control groups.

Figure 4. The morphology and immunophenotypes of the transplanted tumor of OCI-LY10 cells in nude mice. (A) 
Morphology (HE, × 400), (B) expression of CD20 (Envision, × 400), and (C) expression of MUM-1 (Envision, × 400). 
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12,000 rpm at 4°C for 20 min. The superna-
tants were collected, and the protein concen-
tration was determined using a colorimetric 
BCA protein assay. Further, 80 µL of total pro-
tein for each sample was resolved in 12% sodi-
um dodecyl sulfate-polyacrylamide gel electro-
phoresis. The proteins were electroblotted onto 
polyvinylidene fluoride membranes, blocked 
with 5% skimmed milk powder for 1 h at room 
temperature, and washed with TBST three 
times for 5 min. Then, primary antibodies 
(1:1000 of mouse anti-MALT1 polyclonal anti-
body, 1:500 of mouse anti-TNFAIP3 monoclo-
nal antibody, 1:1000 of MMP9, and 1:1000 of 
MMP2, all purchased from Abcam) were added 
overnight at 4°C. Also, β-actin (1:3000, from 
Santa Cruz Co., Ltd.) was used as an internal 
control. The treated membranes were washed 
three times with TBST, incubated for 1 h at 
room temperature with a goat anti-mouse IgG 

or goat anti-rabbit IgG secondary antibody 
(1:3000, from Beijing Changsheng Biotech- 
nology Company), and washed again with TBST. 
Finally, a Western blot analysis was conducted 
with enhanced chemiluminescence. Quanti- 
tative analysis was performed with Image-Pro 
Plus analysis software (Media Cybernetics). 

Statistical analysis

All the data were analyzed using the SPSS 19.0 
statistical software package (SPSS, USA). The 
experiments were repeated three times. The 
values were reported as the mean ± standard 
deviation (SD). Tests for the homogeneity of 
variance were performed before the analysis of 
variance. A one-way analysis of variance was 
used according to the data characteristics. A P 
value less than 0.05 was considered to indi-
cate a statistically significant result.

Results 

Z-VRPR-FMK inhibited the proliferation and 
migration of OCI-LY10 cells 

Cell proliferation was inhibited after 6-h treat-
ment with Z-VRPR-FMK. The cell viability was 
clearly decreased in the experimental group 
compared with the control group after 12-h 
treatment with Z-VRPR-FMK. However, the pro-
liferation was not inhibited in a time-dependent 
manner (P < 0.01, Figure 1). As shown in Figure 
2, the optical density of the cells was signifi-
cantly lower in the inhibitor group at 600 nm 
wavelength than they were in the control group 
(1.165±0.007 vs 1.404±0.031; P < 0.01). The 
result indicated that the invasiveness of OCI-
LY10 was weakened in the treated group com-
pared with the control group.

Morphology and immunophenotypes of xeno-
grafts of OCI-LY10 cells in nude mice 

An in vivo experiment showed that the tumor 
mass could be felt in nude mice 14 days after 
inoculation, and the tumor formation rate of the 
OCI-LY10 cells was 75% (6/8), as shown in 
Figure 3. Grossly, the xenografts were found to 
have clearly bounded nodules without a cap-
sule. Histologically, the tumor presented a dif-
fuse growth pattern. The tumor cells were large 
and round. The nuclei were round or oval, with 
vacuolar chromatins, distinct nucleoli, and 
thick nuclear membranes. The cytoplasms 
were bichromatic or chromophilic. The immuno-

Figure 5. A curve of the body weight change of nude 
mice. Values are presented as the mean ± SD. *P < 
0.05 versus the control group.

Figure 6. Curves of the volume change of transplant-
ed tumors in nude mice. Values are presented as the 
mean ± SD. *P < 0.05 versus the control group.
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phenotypes of the tumor cells were as follows: 
CD10 (-), CD20 (+), MUM1 (+), BCL6 (+), CD3 (-), 
and CD5 (-), as shown in Figure 4.

Z-VRPR-FMK inhibited the growth of the xeno-
grafts of OCI-LY10 cells in nude mice 

As shown in Figure 5, the weight of the nude 
mice increased after stimulation with Z-VRPR-
FMK. The control group gradually lost weight 
after 9 days, but the weight of the experimental 
group increased continuously. A significant dif-
ference in the weight was found between the 
two groups on the 11th and 13th days of treat-
ment (P < 0.05). The increase in the size of the 
tumor was slower in the experimental group 
than it was in the control group after the 13th 
day of drug treatment (0.800±0.177 vs 
1.445±1.016; P < 0.05; Figure 6). 

Z-VRPR-FMK decreased the expression of P65 

The expression of P65 mRNA was significantly 
lower in the OCI-LY10 cells treated with Z-VRPR-
FMK for 12 h compared with the control group 
(0.227±0.035 vs 1; P < 0.01). The change pat-
tern was similar in the xenografts of OCI-LY10 
cells (0.62±0.012 vs 1; P < 0.01). The positive 
expression of the p65 protein in the nuclei sug-
gested NF-κB activation. The positive expres-
sion rate was 100% and 0 in the control and 
experimental groups, respectively. The differ-
ence in the expression of the P65 protein 
between the two groups was statistically signifi-
cant (P ≤ 0.01; Figure 7).

The effect of Z-VRPR-FMK on the expression of 
some molecules associated with NF-κB activa-
tion and MMPs in OCI-LY10 cells and their 
xenografts

Immunohistochemical staining indicated that 
four kinds of proteins were expressed in the 

cytoplasms of the tumor cells. 
The expressions of various 
proteins in the inhibitor and 
control groups (control vs 
inhibitor) were 1/3:3/3 (A20), 
3/3:0/3 (MALT1), 3/3:1/3 
(MMP2) and 2/3:0/3 (MMP9) 
(Figure 8). 

The Western blot analysis 
showed that the expression of 
the A20 protein significantly 
increased, but the expres-

Figure 7. The expression of the P65 protein in the xenografts of OCI-LY10 
cells (Envision, × 400). A. Inhibitor group; B. Control group.

sions of the MALT1, MMP-2, and MMP-9 pro-
teins decreased in the experimental groups 
after treatment with Z-VRPR-FMK compared 
with the cells and xenografts in the control 
group (Figures 9 and 10; P < 0.05). 

Discussion

R-CHOP, a combination of the anti-CD20 mono-
clonal antibody rituximab and four chemothera-
peutic agents (cyclophosphamide, doxorubicin, 
vincristine, and prednisolone), is the standard 
chemo-immunotherapy treatment for DLBCL. 
However, a considerable number of patients 
have relapsed/refractory after treatment for 
DLBCL because of the heterogeneity of DLBCL. 
MALT1 is an abnormally active gene in DLBCL. 
It can be overexpressed due to its involvement 
in the formation of chromosome translocation 
t(14;18) or genomic amplification; also, some 
genetic aberrations of A20, such as deletion, 
point mutation, and methylation, can be found 
in some patients with DLBCL [10]. As a proteo-
lytic substrate of the MALT1 protein, the A20 
protein is degraded, so that its inhibitory effect 
on NF-κB weakens [17, 18]. Recently, MALT1 
protease gained attention as a therapeutic tar-
get of DLBCL [19, 20]. Both literature reviews 
and earlier studies have indicated the effect of 
MALT1 inhibitors on the growth of ABC-like rath-
er than GCB-like DLBCL cells [19, 21]. In this 
study, a MALTI inhibitor Z-VRPR-FMK was used 
to treat cultured OCI-LY10 cells in vitro and 
transplanted tumors in nude mice in vivo. 
Z-VRPR-FMK was found to inhibit the growth of 
OCI-LY10 cells and their xenografts. The expres-
sion of the MALT1 protein also decreased. 
Z-VRPR-FMK could inhibit the growth of ABC-
like DLBCL by restraining the MALT1 protein. 
The P65 protein expression in nuclei was 
reduced, but the expression of the A20 protein 
increased after treatment with Z-VRPR-FMK. 
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The results suggested that Z-VRPR-FMK could 
effectively inhibit the activation of NF-κB by 
directly irreversibly inhibiting the expression of 
the MALT1 protein. This inhibition of NF-κB acti-
vation might be related to weakening or even 
eliminating the proteolysis of the A20 protein 
by the MALT1 protein. Meanwhile, the expres-
sion of P65 mRNA decreased after treatment 
with Z-VRPR-FMK, indicating that Z-VRPR-FMK 
reduced NF-κB activation in DLBCL cells in 
more than one way by eliminating the proteo-

lytic effect of MALT1 on the A20 protein. As a 
significant transcriptional factor, NF-κB regu-
lates the expression of several genes involved 
in cellular proliferation, apoptosis, the cell 
cycle, and the invasiveness and metastasis of 
tumors. However, the molecular mechanism 
underlying the involvement of the NF-κB signal-
ing pathway in the invasiveness and metasta-
sis of DLBCL is still unclear. Some members of 
the MMP family were found to be regulated by 
NF-κB. A study demonstrated that MALT1 posi-

Figure 8. The expressions of various proteins in the xenografts of OCI-LY10 cells (Envision, × 400). (A1, A2) Expres-
sion of MALT1 in the control and inhibitor groups, successively; (B1, B2) expression of A20 in the control and inhibi-
tor groups; (C1, C2) expression of MMP2 in the control and inhibitor groups; and (D1, D2) expression of MMP9 in 
the control and inhibitor groups. 

Figure 9. The effects of Z-VRPR-FMK on the expression of A20, MALT1, MMP-2, and MMP-9 in OCI-LY10 cells. Values 
are presented as the mean ± SD. *P < 0.05 versus the control group.
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tively modulated MMP9 production in alveolar 
macrophages [22]. The present study investi-
gated the relationship between Z-VRPR-FMK 
and the migration of ABC-like DLBCL cells and 
the expression of MMP2 and MMP9 proteins.

The mobility of the OCI-LY10 cells decreased 
significantly and the expressions of the MMP-2 
and MMP-9 proteins in the OCI-LY10 cells and 
xenografts reduced significantly after treat-
ment with Z-VRPR-FMK. This finding indicated 
that Z-VRPR-FMK could prevent the invasive-
ness of ABC-like DLBCL by controlling the 
MALT1 protein. This inhibitory action might be 
related to a reduced expression of MMP2 and 
MMP9. NF-κB has an important role in the inva-
siveness of DLBCL cells. MMP2 and MMP9 are 
possibly the targets of NF-κB in promoting the 
infiltration of ABC-like DLBCL cells. Whether 
MALT1 promotes MMP9 and MMP2 expres-
sions in DLBCL needs further confirmation.

In conclusion, the present study demonstrated 
that Z-VRPR-FMK can inhibit the growth of ABC-
like DLBCL, an effect associated with the sup-
pression of the expression of the MALT1 pro-
tein. MALT1 may be considered an effective 
therapeutic target for ABC-like DLBCL. It im- 
pacts the growth and invasiveness of DLBCL  
by boosting the activation of NF-κB. Perhaps 
Z-VRPR-FMK reduces NF-κB activation. The 
overexpression of MMP2 and MMP9 was prob-
ably induced by NF-κB and may be an impor-
tant molecular mechanism associated with the 
infiltration of DLBCL. 
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