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Proteasome inhibitor MiG-132 induces NMICPIP1 expression
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Keywords The proteasome is a protein complex responsible for the degradation of
apoptosis; MCPIP1; MG-132; proteasome;  polyubiquitin-tagged proteins. Besides the removal of target proteins, the
ZC3H12A proteasome also participates in the regulation of gene transcription in both
Correspondence proteolytic and non-proteolytic fashion. In this study the effect of protea-

some inhibition on the basal expression of monocyte chemotactic protein-1
induced protein 1 (MCPIP1) was examined. Treatment of HepG2 or HeLa
cells with proteasome inhibitor MG-132 resulted in a significant increase
of MCPIP1 expression, both at mRNA and protein level. Interestingly,
MG-132 did not alter MCPIP1 stability. Instead, the observed protein
increase was blocked by actinomycin D, suggesting the involvement of
de novo mRNA synthesis in the increase of MCPIP1 protein following
MG-132 treatment. Using several inhibitors we determined the participation
of extracellular-signal-regulated kinase 1/2 and p38 kinases in MCPIP1
upregulation by MG-132. Our findings show for the first time the impact of
proteasome inhibition on MCPIP1 protein expression by modulation of the
activity of intracellular signaling pathways. Overexpression of MCPIP1-myc
protein decreased the viability of HelLa cells but not HepG2 cells, which
correlates with the increased susceptibility of HeLa cells to MG-132 toxic-
ity. Notably, both MG-132 treatment and MCPIP1-myc overexpression led
to the activation of apoptosis, as revealed by the induction of caspases 3/7
in both types of cell lines. This suggests the involvement of MCPIP1 upreg-
ulation in toxic properties of proteasome inhibition, which is an acknowl-
edged approach to the treatment of several cancer types.
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Introduction

reactive oxygen species (ROS) [6]. Additional ROS-
dependent and independent mechanisms have been

The ubiquitin-proteasome system is crucial for main-
taining cell homeostasis with respect to the regulation

of protein recycling and quality control for newly syn-
thesized proteins. Inhibition of the proteasome by
pharmacological inhibitors such as bortezomib [1] or
carfilzomib [2] has become a successful strategy of
choice in relapsed and refractory multiple myeloma
and mantle cell lymphoma [3-5]. Proteasome inhibi-
tion results in cell death by apoptosis due to the induc-
tion of endoplasmic reticulum stress and generation of

Abbreviations

postulated to be involved, including stabilization of
cell cycle regulators and pro-apoptotic factors, inhibi-
tion of nuclear factor-kxB (NF-kB), inhibition of pro-
tein translation and sensitization to ligand-induced
apoptosis [7].

Monocyte chemotactic protein-1 induced protein 1
(MCPIPI1) is a multifunctional regulatory protein
(reviewed in [8]). The protein has been shown to be

DMSO, dimethylsulfoxide; ERK, extracellular-signal-regulated kinase; IL, interleukin; IxB, inhibitor of NF-xB; JNK, c-Jun N-terminal kinase;
MAPK, mitogen-activated protein kinase; MCPIP1, monocyte chemotactic protein-1 induced protein 1; MEK, MAP kinase kinase.
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide; NF-xB, nuclear factor-kB; ROS, reactive oxygen species.
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involved in negative regulation of macrophage activa-
tion [9,10] and differentiation of several cell types,
including pre-adipocytes [11], neuroprogenitor cells
[12] and osteoclast precursors [13]. Moreover, MCPIPI
has been postulated to induce apoptosis and auto-
phagy [14-16]. The underlying mechanisms of MCPIP1
functioning are very complex. The protein was initially
characterized as a transcription factor [14], then as a
negative regulator of NF-xB [9,17] and finally
described as a ribonuclease (RNase) directly responsi-
ble for the degradation of transcripts encoding
interleukin 6 (IL-6), IL-1B, IL-2 and IL-12b as well as
pri-miRNA [18-21].

Recently it has been shown that MCPIPI undergoes
rapid degradation following stimulation of HeLa cells
with IL-1f [22]. It was proposed that such a removal
of MCPIP1 protein allows for the expression of IL-6
transcript, one of the direct targets of MCPIP1 RNase
activity. The authors defined two serine residues in
positions 435 and 439 of the murine MCPIP1 to be
phosphorylated in response to IL-1B treatment as a
signal for the following protein ubiquitination and
proteasomal degradation [22].

In this study we addressed the issue of the regula-
tion of basal expression of MCPIP1 by proteasome
inhibition. Treatment of HepG2 and HeLa cells with
the inhibitor MG-132 significantly increased the level
of MCPIPI mRNA and resulted in a long-term
increase of MCPIP1 protein quantity. Moreover, using
an overexpression approach we show here that
MCPIP1 protein increase may be partially responsible
for the toxic effects of pharmacological proteasome
inhibitors, such as MG-132. Our findings show for the
first time the correlation between proteasome-targeted
cancer therapy and the expression and toxicity of
MCPIPI in inhibitor-treated cells.

Results

Proteasome inhibitor MG-132 increases the
expression of MICPIP1

Mouse MCPIP1 was recently reported to be degraded by
a ubiquitin-proteasome system in response to IL-1 [22].
In order to explore the engagement of the proteasome in
the control of MCPIP1 expression we used proteasome
inhibitor MG-132. Besides proteasome inhibition,
MG-132 has also been reported to inhibit calpains.
Therefore, to minimize toxic and side effects of MG-132,
a low dose of the inhibitor was used (1 pm). Such a low
MG-132 concentration is below the 1Csq of calpain inhi-
bition in vitro and far below the reported 1Csq of calpain
inhibition measured in a cell-based assay [23].

L. Skalniak et al.

MG-132 remarkably increased the expression of
MCPIP1 protein in HepG2 cells (Fig. 1A). The level
of MCPIPI protein increased time-dependently start-
ing from the third hour after MG-132 treatment
(Fig. 1A). The increase was not observed at early time
points (1 and 2 h following MG-132 administration).
A similar increase of MCPIP1 after MG-132 was
observed in the HeLa cell line following 6 h of treat-
ment (Fig. 1B). The elevated MCPIP1 protein amount
was prolonged and even more evident 24 h after treat-
ment in both HepG2 and HeLa cells (Fig. 1B).

Using real-time PCR we checked the influence of
MG-132 on the MCPIP1 transcript. HepG2 cells were
stimulated with 1 um MG-132 for 1, 3, 6 and 24 h.
The treatment with MG-132 for 3 h resulted in an
almost four-fold increase of the level of MCPIPI
mRNA (Fig. 1C). The observed elevated mRNA level
was temporary and returned to the basal level at the
later tested time points.

The inhibition of proteasome by MG-132 at a con-
centration of 1 pMm was verified by analysis of the
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Fig. 1. Proteasome inhibitor MG-132 increases the expression of
MCPIP1. (A), (B) HepG2 or Hela cells (as indicated) were treated
with T um MG-132 or DMSO for the indicated time periods. Protein
extracts were subjected to western blotting with MCPIP1- and
o-tubulin-specific antibodies. (C) HepG2 cells were treated with
1 um MG-132 or DMSO for the indicated time periods. Total RNA
was isolated and real-time PCR was performed. MCPIP1 transcript
level was normalized to EF2 transcript. The graph shows
means + SE from three independent experiments, presented as
fold change versus DMSO-treated control at each time point. For
the statistics the ttest was performed: *P < 0.05, ***P < 0.001
versus control. (D) HepG2 cells were pretreated with 1 pm MG-132
or DMSO for 1h and subjected to 5 min stimulation with
10 ng-mL~" IL-1B. Protein extracts were subjected to western
blotting with IkxBa- and a-tubulin-specific antibodies (SE, short
exposure; LE, long exposure). Blots A, B and D are representative
from three independent experiments.
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inhibitor of NF-kB (IxkBa) degradation. MG-132 was
administered for 1 h, after which HepG2 cells were
stimulated with 10 ng-mL~" of IL-1f for 5 min, which
resulted in degradation of IxBa (Fig. 1D). This degra-
dation was reduced but not completely blocked when
MG-132 was present, suggesting that a weak protea-
some activity is maintained in the presence of the low
MG-132 dose used (Fig. 1D).

Increased expression of MCPIP1 following
MG-132 requires mRNA synthesis but does not
involve protein stabilization

Recently it was shown that MCPIP1 undergoes pro-
teasomal degradation following stimulation with
IL-1pB [22]. To check if protein stabilization is respon-
sible for the increase of MCPIP1 level upon MG-132
treatment, HepG2 cells were pretreated with cyclo-
heximide for 30 min and then treated with MG-132
for 2, 4 or 6h. In cycloheximide-treated cells
MG-132 failed to induce MCPIP1 expression, sug-
gesting the importance of de novo protein synthesis in
MCPIP1 upregulation (Fig. 2A). After 6.5 h of cyclo-
heximide treatment the level of MCPIP1 expression
had decreased to 60%; however, the presence of
MG-132 did not alter the stability of MCPIPI
(Fig. 2A,B).

To test the desired inhibition of protein synthesis
by cycloheximide, HepG2 cells were pretreated with
cycloheximide and then stimulated with 10 ng-mL™'
of IL-1B for 15 min or 1 h. The stimulation with
IL-1p led to rapid degradation of IkBa in both dim-
ethylsulfoxide (DMSO)-treated and cycloheximide-
treated cells (Fig. 2C). In contrast, IxBa re-synthesis
after 1 h of stimulation was observed only in
DMSO-treated cells, suggesting successful inhibition
of protein synthesis in cycloheximide-treated cells
(Fig. 20).

To verify whether the observed increase of MCPIPI
transcript following MG-132 treatment is necessary for
the increase of MCPIP1 at the protein level we
blocked de novo RNA synthesis with actinomycin D.
Actinomycin D was applied 1 h before MG-132 treat-
ment, after which the cells were cultured for 3 h in the
presence of MG-132. The presence of actinomycin D
decreased the basal amount of MCPIP1 mRNA by
90% and blocked the increase of MCPIP1 mRNA
observed following MG-132 administration (Fig. 2D).
This was accompanied by the actinomycin D-depen-
dent inhibition of MG-132-mediated MCPIP1 protein
increase (Fig. 2E). Actinomycin D had no effect on
the basal MCPIPI protein level (without MG-132,
Fig. 2E).

MG-132 induces the expression of MCPIP1
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Fig. 2. MCPIP1 upregulation by MG-132 requires protein and
mRNA de novo synthesis. (A) HepG2 cells were pretreated with
5 ug-mL~" cycloheximide (CHX) for 30 min, followed by treatment
with 1 um MG-132 or DMSO for the indicated time periods.
Untreated cells served as control. Protein extracts were subjected
to western blotting with MCPIP1- and a-tubulin-specific antibodies.
(B) Quantification of the blot in (A) presented as an optical density
relative to untreated cells. (C) HepG2 cells were pretreated with
cycloheximide (CHX) or DMSO for 30 min and stimulated with
10 ng:-mL~" IL-1B for 5 min or 1 h. Protein extracts were subjected
to western blotting with lkBa- and a-tubulin-specific antibodies. (D),
(E) HepG2 cells were pretreated with 5 pg-mL~" actinomycin D for
1 h followed by treatment with 1 um MG-132 for 3 h for RNA
collection (D) or 6 h for protein analysis (E). MCPIP1 transcript was
normalized to EF2 transcript. Graph D shows means 4+ SE from
three independent experiments, presented as fold change versus
control. Blots A, C and E are representative from three
independent experiments.

ERK1/2 and p38 are involved in MCPIP1
upregulation induced by MG-132

It was shown before that the inhibition of proteasome
activates several intracellular signaling pathways [24].
To verify this in our model we treated HepG2 cells
with 1 pum of MG-132 for 1, 2, 3 and 4 h and analyzed
the phosphorylation status of mitogen-activated pro-
tein kinases (MAPKSs) and the p65 subunit of NF-«B.
Stimulation with IL-1B for 30 min served as a positive
control. MG-132 markedly increased the phosphoryla-
tion of p38 kinase and p65 protein, starting from the
first and second hour of stimulation respectively
(Fig. 3A). MG-132 treatment resulted also in a weak
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and transient activation of extracellular-signal-regu-
lated kinases (ERKs) 1/2 with a maximum after 2 h
following MG-132 administration (Fig. 3A). IL-1B
treatment resulted in a rapid phosphorylation of all
four mentioned proteins (Fig. 3A).

Using four pharmaceutical inhibitors, U0126 for
inhibiting MAP kinase kinase (MEK) 1 and 2 (and
thus ERK1/2) phosphorylation, SB203580 for p38,
SP600125 for c-Jun N-terminal kinases (JNKs) and
Bayl11-7082 for IkBa phosphorylation and degrada-
tion, we elucidated the involvement of the mentioned
signaling pathways in MG-132-induced MCPIP1 pro-
tein increase. The inhibitors were applied for 1 h
before MG-132 treatment. Inhibition of ERKI1/2 by
10 um UO0126 and p38 by 10 um SB203580 significantly
blunted the increase of MCPIP1 evoked by MG-132
treatment (Fig. 3B). Other tested inhibitors gave no
significant effects at the tested concentrations (10 pm
of SP600125 and 20 um of Bayl1-7082). The use of a
lower concentration of U0126 (5 pm) and SB203580
also resulted in a significant decrease of MCPIPI
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protein, upregulated by MG-132 treatment (Fig. 3C).
The use of higher concentrations (20 um) of each of
these inhibitors gave even stronger effects (Fig. 3C).
The observed impact of ERK1/2 and p38 inhibition
on MCPIPI expression was additive, since pretreat-
ment of HepG?2 cells with a mixture of both inhibitors
resulted in a significantly greater decrease of MCPIP1
level (Fig. 3C, lane 9) compared with cells treated with
SB203580 alone (Fig. 3C, lane 7). The use of the mix-
ture of these two inhibitors resulted in almost complete
inhibition of MG-132-triggered increase of MCPIP1
expression (Fig. 3C, lane 9 versus lane 1, P = 0.5867).

HelLa cells are more susceptible to both MG-132
toxicity and MCPIP1-triggered death than HepG2
cells

Inhibition of the proteasome results in activation of
programmed cell death [25]. To compare the toxic
effects of MG-132 on HepG2 and Hela cells we trea-
ted the cells with MG-132 in concentrations ranging
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Fig. 3. Involvement of signaling pathways in MG-132-triggered MCPIP1 increase. (A) HepG2 cells were treated with 1 um MG-132 for the
indicated time periods or with 10 ng-mL~" of IL-1p for 30 min. Cell lysates were subjected to western blotting with the indicated
antibodies. Representative blots from three independent experiments are shown. (B) HepG2 cells were pretreated with 10 uv U0126,
10 um SB203580, 10 um SP600125 or 20 pm Bay11-7082 for 30 min and treated with 1 uv MG-132 or DMSO for an additional 6 h. Protein
extracts were subjected to western blotting with MCPIP1- and o-tubulin-specific antibodies. The graph represents densitometry
quantification of blots and shows means + SE from three independent experiments. For the statistics the t-test was performed: *P < 0.05,
**P < 0.01 versus control cells (pretreated with DMSO and treated with MG-132). (C) HepG2 cells were pretreated for 30 min with 5, 10 or
20 pm of U0126, 5, 10 or 20 pum of SB203580 or both inhibitors at a final concentration of 10 um each, and treated with 1 uv MG-132 or
DMSO for an additional 6 h. Protein extracts were subjected to western blotting with MCPIP1- and a-tubulin-specific antibodies. The graph
represents densitometry quantification of blots and shows means 4+ SE from three independent experiments. For the statistics one-way
analysis of variance followed by Tukey’s HSD test was used: *P < 0.05, **P < 0.01, ***P < 0.001 versus control cells in lane 2 (pretreated
with DMSO and treated with MG-132); *P < 0.01 versus cells pretreated with 10 um SB203580 and treated with MG-132, lane 7.
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from 0.125 to 8 um. The induction of apoptosis was
verified by the measurement of caspase 3/7 activity
and the overall toxicity of MG-132 was estimated by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assay. Both tests were performed 24 h
after MG-132 treatment.

The viability of HeLa cells was reduced by about
10% already for the second lowest concentration of
MG-132 used (0.25 pum) (Fig. 4A). A concentration of
0.5 um of MG-132 reduced HeLa viability to 70%.
For HepG2 cells a similar toxicity of MG-132 was
achieved at a concentration of 8 pum, whilst 0.5 pm did
not affect the viability of these cells (Fig. 4A). As an
indicator of apoptosis-related processes caspase 3 and
7 activity was measured. MG-132 remarkably and
dose-dependently induced caspase 3 and 7 in both
HeLa and HepG2 cells (Fig. 4B). Surprisingly, the fold
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induction of caspase activity was comparable for both
cell lines at the same MG-132 concentrations
(Fig. 4B).

The expression of MCPIP1 in cells treated with
diverse doses of MG-132 was verified by western blot-
ting (Fig. 4C,D). In both cell lines the MCPIP1 level
was raised in a dose-dependent manner.

To verify the influence of elevated MCPIP1 expres-
sion on the viability of HeLa and HepG2 cell lines,
the cells were transfected with vectors encoding
MCPIP1-myc fusion protein or an empty vector as
control. The MTT test and caspase 3/7 activity assay
were performed 48 h following transfection. Overex-
pression of MCPIP1-myc protein reduced the viability
of HeLa cells by 30% (Fig. 4E), while HepG?2 cell via-
bility was not affected. Forced MCPIP1-myc expres-
sion resulted also in a weak but significant activation
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Fig. 4. MG-132 and MCPIP1 toxicity in HelLa and HepG2 cells. (A), (B) HepG2 and Hela cells were treated with different concentrations of
MG-132 for 24 h. For the determination of cell viability the MTT test was performed (A) and for verification of apoptosis induction activity of
caspase 3 and 7 was measured (B). The graphs show means + SE from three independent experiments, each performed in five replicates
(MTT) or duplicates (caspase activity), presented as a percentage of control (A) or as fold change versus control (B). (C), (D) Western
blotting verification of MCPIP1 induction in protein extracts used for caspase 3 and 7 activity measurements (B). Blots are representative
from three independent experiments. (E), (F) HepG2 and Hela cells were transfected with MCPIP1-myc coding or an empty vector. Two
days following transfection the MTT test (E) and the caspase 3 and 7 activity test (F) were performed. The graphs show means + SE from
four independent experiments, each performed in five replicates (MTT) or duplicates (caspase activity), presented as a percentage of control
(E) or as fold change versus control (F). Overexpression of MCPIP1-myc in HepG2 and Hela cells was verified by western blot (G).
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of caspases 3 and 7 in both cell lines tested (Fig. 4F).
The overexpression of MCPIP1-myc protein was veri-
fied by western blotting (Fig. 4G).

Discussion

The ubiquitin-proteasome system is the most impor-
tant pathway for the quality control of newly synthe-
sized proteins and the removal of intracellular
proteins. In some cases the proteasome additionally
functions as a processing unit, relieving functional pro-
teins from their precursors by limited proteolysis [26]
(proposed mechanisms are discussed in [27]). During
the last few years the proteasome has also been linked
to transcriptional regulation of gene expression. The
classical examples of this action of the proteasome
include ubiquitin-dependent removal of transcription
factors (e.g. p53) or their negative regulators (e.g.
IxkBa), modulated in response to adequate signals.
Recently, however, increasing evidence shows that the
proteasome also provides non-proteolytic functions
involved in multiple aspects of transcription-related
processes (reviewed in [28]).

According to the data collected by the Human Pro-
tein Atlas project [29] and our data [19] MCPIP1
(ZC3H12A) expression is weak or moderate in most of
the analyzed cell types and organs. Moderate staining
was reported especially for epithelial cells and several
other cell types, including skin and lung-residing mac-
rophages, while strong staining was observed in adrenal
gland and kidney. Considering its functions the low
expression level of MCPIP1 protein seems to be impor-
tant for cell functioning and survival. Since MCPIP1 is
a regulatory protein it also requires mechanisms of a
fine regulation of its expression and activity.

In our study we show that proteasome inhibition by
a low dose of MG-132 results in a tremendous increase
of the expression of MCPIP1 protein in both HepG2
and HeLa cell lines (Fig. 1A,B). As revealed by the
study with actinomycin D and cycloheximide, the
increase of MCPIP1 expression by the inhibition of
proteasome was a consequence of the elevation of
mRNA level and requires new protein synthesis. Inhi-
bition of transcription blocked the increase of both
MCPIP1 mRNA and protein (Fig. 2D,E). Similarly,
inhibition of translation with cycloheximide inhibited
MCPIPI1 protein increase following MG-132 treatment
(Fig. 2A). Interestingly, proteasome inhibitor MG-132
did not result in MCPIP1 protein stabilization
(Fig. 2B), which might indicate that either another
protease is engaged in the removal of MCPIPI1 or,
more likely, that the remaining proteasome activity
upon inhibition with low dose MG-132 (1 um) is
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sufficient for normal MCPIP1 turnover. Indeed, the
inhibition of proteasome by 1 um MG-132 was not
complete, as this concentration of proteasome inhibi-
tor did not fully protect IxBa from proteasomal degra-
dation in the presence of IL-1p (Fig. 1D).

The induction of gene transcription following pro-
teasome inhibition has been observed before for sev-
eral other proteins, e.g. IL-6 [30], IL-8 [31], heme
oxygenase-1 [32] or cyclooxygenase-2 [24]. In these
studies the observed induction of gene expression was
driven by one of the MAPK pathways, JNK, p38 or
ERK1/2, depending on the transcript from the above-
mentioned list. The kinases are activated in response
to elevated ROS production following proteasome
inhibition, since ROS scavengers N-acetylcysteine and
glutathione prevent kinase phosphorylation [24]. Our
results support previously published observations that
MG-132 treatment leads to the activation of all three
MAPKSs. Additionally, we show that in the case of
MCPIP1 upregulation by MG-132 the ERKI1/2 cas-
cade plays the major role with p38 activation of sec-
ondary importance (Fig. 3B,C).

The involvement of the ERK1/2 cascade in the tran-
scription of the MCPIP1 coding gene (namely
ZC3HI12A) was proposed earlier in cells stimulated with
IL-1B [33]. In this study two transcription factors, Elk-1
and SRF, were found to bind to the proximal promoter
of this gene following stimulation, in an ERK1/2-depen-
dent manner. Thus the involvement of ERK1/2 in MG-
132-induced ZC3H12A activation is not surprising. In a
previous study we have shown that ZC3HI2A tran-
scription induction following IL-1f requires also NF-kB
activation [17]. Short treatment with MG-132 has been
shown to inhibit NF-kB activation [34]; thus the
involvement of NF-xB in rapid ZC3H12A transcription
following MG-132 administration is not expected. The
involvement of p38 in MCPIP1 expression is a novel
aspect in the regulation of MCPIP1 expression. p38 was
linked to the stabilization of transcripts containing
AU-rich regions [35]. Recently, p38 was found to be
responsible for the stabilization of mRNA encoding
nonsteroidal anti-inflammatory drug-activated gene-1 in
response to MG-132 in glioblastoma cells [36]. Addi-
tionally, p38 kinase was postulated to stabilize triste-
traprolin, another CCCH-containing protein involved
in the regulation of mRNA stability, by protection from
proteasomal degradation [37]. However, in our study
MG-132 provided neither mRNA nor protein stabiliza-
tion (Fig. 2D,B), suggesting other molecular mecha-
nisms of p38 engagement in MCPIP1 expression.

MCPIP1 was shown to induce ROS production,
endoplasmic reticulum stress, apoptosis and autophagy
in the rodent cardiomyoblast cell line H9¢2 [16,38]. The
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role of MCPIP1 in primary cells needs further evalua-
tion, since on one hand the protein was shown to medi-
ate toxic effects of hyperglycemia in rodent
cardiomyocytes [38], but on the other hand overexpres-
sion of MCPIP1 in myocardium did not activate apop-
tosis in those cells [39]. However, due to the postulated
deleterious nature of MCPIPI1, the sustained elevated
protein level may contribute to the toxic effect of pro-
teasome inhibition by MG-132. As shown in our study,
MCPIP1 overexpression reduces the viability of HelLa
cells but not HepG?2 cells, which are more resistant to
the toxic effects of MG-132. Interestingly, in both cell
lines a weak but comparable activation of effector casp-
ases (caspases 3 and/or 7) was observed. This suggests
that either HepG2 cells are less susceptible to apoptosis
caused by caspase activation or the limited viability of
HeLa cells upon MCPIP1 overexpression results from
additional mechanisms affected by MCPIP1.

Proteasome inhibition was shown to block IxBa deg-
radation and NF-«xB activation following IL-1p and
tumor necrosis factor o treatment [34,40]. On the other
hand prolonged inhibition of proteasome with bortezo-
mib or MG-132 resulted in caspase 8 or calpain-depen-
dent degradation of IkBa and activation of NF-xB
[41,42]. The inhibition of NF-xB by the stable overex-
pression of IxkBa was found to reduce the growth of
HeLa cells [43]. Since MCPIP1 is known to downregu-
late NF-xB signaling at both basal and lipopolysaccha-
ride-induced levels [9,17], its toxicity in HeLa cells may
result from the inhibition of pro-survival properties of
NF-kB. Currently, we are verifying the involvement of
NF-xB inhibition in toxic effects of MCPIP1 expres-
sion. We are also investigating the mechanisms of
reduced toxicity of both MG-132 and MCPIPI in
HepG?2 cells in comparison with HeLa cells.

To summarize, previous studies convincingly demon-
strate that MCPIP1 serves as a regulator of inflamma-
tory-related processes by its RNase and NF-xB
inhibitory properties. Here we present evidence that
MCPIP1 additionally seems to be a subtle and bal-
anced inducer of cell death and that its toxic proper-
ties vary depending on the type of cells analyzed.
These toxic properties of MCPIP1 may contribute to
cell death following pharmacological proteasome inhi-
bition; however, the underlying mechanisms of
MCPIP1 toxic action require further investigation.

Materials and methods

Materials

MG-132 inhibitor was from Tocris Bioscience (Bristol,
UK). For the inhibition of signal transduction pathways

MG-132 induces the expression of MCPIP1

the following inhibitors were used: MEK 1 and MEK2 (thus
ERK1/2) inhibitor U0126 (Sigma Aldrich), JNK1/2/3
inhibitor SP600125 (Sigma Aldrich), p38a/B/Bf2 inhibitor
SB203580 (Sigma Aldrich) and IxBa degradation inhibitor
(NF-xB inhibitor) BAY11-7082 (Sigma Aldrich). Actino-
mycin D and cycloheximide were from Sigma Aldrich.
Human recombinant IL-1B was purchased from PromoKi-
ne. Plastic materials were from BD Falcon.

Cell culture and treatment, cell transfection

Human hepatocellular liver carcinoma cell line (HepG2)
and human epithelial carcinoma cell line (HeLa) were pur-
chased from the ATCC collection. HepG2 cells from pas-
sages 95-105 were used. Both cell lines were cultured in a
humidified atmosphere at 37 °C and 5% CO, in DMEM
containing 1 g-L~! glucose (Lonza, Basel, Switzerland) sup-
plemented with 5% fetal bovine serum (Lonza). For the
experiments cells were seeded on cell culture plates (BD
Falcon, San Jose, CA, USA). HepG2 cells were seeded on
poly-L-lysine-coated plates.

MAPK and NF-kB inhibitors were applied 30 min before
MG-132 treatment at the concentrations indicated in the fig-
ures. All inhibitors used were dissolved in DMSO; thus
DMSO was used as control. MG-132 inhibitor or IL-1p were
applied following overnight serum starvation in DMEM sup-
plemented with 0.5% fetal bovine serum. For MCPIP1-myc
overexpression, cells were transfected with Lipofectamine
2000 (Life Technologies, Carlsbad, CA, USA) according to
the manufacturer’s instructions. To reduce the toxicity of
Lipofectamine 2000 the medium was changed 4 h following
transfection.

Western blotting

Total cell lysates were prepared using RIPA buffer (25 mm
Tris/HCIL, pH 7.6, 150 mm NaCl, 1% NP-40, 1% sodium
deoxycholate, 0.1% SDS) with protease inhibitor cocktail
(Sigma Aldrich) and separated on SDS/PAGE 12% poly-
acrylamide gel. For phosphorylated protein detection phos-
phatase inhibitor cocktail (PhosSTOP; Roche, Basel,
Switzerland) was added to RIPA buffer. Following the
electrotransfer to poly(vinylidene difluoride) membrane
(Merck Millipore, Billerica, MA, USA) a blocking agent
was applied: 3% milk in Tris-buffered saline containing
0.1% Tween for the Sigma Aldrich, St. Louis, MO, USA
(GeneTex, Irvine, CA, USA) and 2% BSA (BioShop, Bur-
lington, Canada) dissolved in Tris-buffered saline contain-
ing 0.1% Nonidet for all other antibodies. Membranes
were incubated with primary antibody at 4 °C overnight.
After four washes, addition of secondary antibodies and an
additional four washes, detection was performed using a
Luminata Crescendo (Millipore) substrate and MicroChemi
chemiluminescence detector (DNR Bio-Imaging Systems,
Jerusalem, Israel). The following antibodies and dilutions
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were used: rabbit monoclonal anti-IkBa (1 : 10 000, cat.
ab32518; Abcam, Cambridge, MA, USA), rabbit polyclonal
anti-MCPIP1 (1 : 3000, cat. GTX110807; GeneTex), rabbit
polyclonal anti-phospho-JNK (1 : 1000, cat. 9251; Cell
Signaling, Beverly, MA, USA), rabbit polyclonal anti-JNK
(1 : 1000, cat. 9252; Cell Signaling), rabbit polyclonal anti-
phospho-p38 (1 : 500, cat. 9211; Cell Signaling, Beverly,
MA, USA), rabbit polyclonal anti-p38 (1 : 500, cat. 9212;
Cell Signaling), rabbit polyclonal anti-phospho-ERK1/2
(1 : 1000, cat. 9101; Cell Signaling), rabbit polyclonal anti-
ERK1/2 (1 : 1000, cat. 9102; Cell Signaling), rabbit mono-
clonal anti-phospho-p65 (Ser536) (1 : 1000, cat. 3033; Cell
Signaling), rabbit polyclonal anti-p65 (0.5 pgmL~!, cat.
ab16502; Abcam), rabbit polyclonal anti-Myc-tag (1 : 2000,
cat. 2272; Cell Signaling), mouse anti-a-tubulin (1 : 2000,
cat. CP06; Calbiochem, Merck Group, Darmstadt, Ger-
many), goat peroxidase-conjugated anti-rabbit (1 : 3000,
cat. 7074; Cell Signaling) and goat peroxidase-conjugated
anti-mouse (1 : 20 000, cat. 554002; BD Pharminogen,
Franklin Lakes, NJ, USA). The densitometry analysis was
performed with IMAGES 1.40 G software [44]. All measured
values were normalized to a-tubulin expression level.

Real-time PCR

Total RNA was isolated using a modified Chomczynski—
Sacchi method, reverse transcribed and subjected to real-
time PCR, as described before [17]. The following primers
were used for MCPIP1 mRNA: 5-GGAAGCAGCCGTG
TCCCTATG-3' (forward) and 5-TCCAGGCTGCACTG
CTCACTC-3" (reverse). Each sample was normalized to
reference gene elongation factor 2 (EF2), amplified with the
following primers: 5-GACATCACCAAGGGTGTGCAG-3'
(forward) and 5-TTCAGCACACTGGCATAGAGGC-3
(reverse).

Cell cytotoxicity and apoptosis assays

For MTT cell viability assay cells were seeded on 96-well
transparent plates. For the testing of MG-132 toxicity cells
were treated with MG-132 for 24 h, following overnight
serum starvation. For MCPIP1 overexpression cells were
transfected 1 day after passage and cultured for 48 h, with
medium change at the fourth hour of transfection. MTT
(Sigma) was added for an additional 30 min in a final con-
centration of 500 ng-mL~'. The medium was removed by
suction and MTT crystals were dissolved in acidic (40 mm
HCI) isopropanol. The absorbance was measured with an
Infinite 200 microplate reader (Tecan Group Ltd) at
570 nm with reference wavelength 650 nm.

Caspase 3/7 activity was measured using Caspase-
Glo 3/7 Assay (Promega). Cells were seeded on 24-well
transparent plates and subjected to a similar treatment as
for the MTT test (see above). Protein extracts were isolated
with RIPA buffer. Equal amounts of cell lysates (3 pg of
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proteins) were filled up on white 96-well plates with RIPA
buffer to the final volume of 20 pL. Next, 20 pL of Cas-
pase-Glo 3/7 Reagent was added and plates were shaken
for 1 min at 300 r.p.m. The plates were kept in the dark at
room temperature for 90 min and luminescence was mea-
sured with an Infinite M200 microplate reader.
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