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The expression of nonsteroidal anti-inflammatory drug-activated gene-1 (NAG-1) is regulated by the p53
and Egr-1 tumor suppressor pathways. Many anti-cancer drugs and chemicals induce NAG-1 expression,
but the mechanisms are not fully understood. Transgenic mice expressing human NAG-1 are resistant to
intestinal and prostate cancer, suggesting that NAG-1 is a tumor suppressor. Proteasome inhibitors exhi-

Keywords: bit anti-glioblastoma activities in preclinical studies. Here, we show that the proteasome inhibitors

&/gi';z/cmls MG132 and bortezomib induced NAG-1 expression and secretion in glioblastoma cells. MG132 increased
. NAG-1 expression through transcriptional and post-transcriptional mechanisms. At the transcriptional

Glioblastoma . . . . .

P38 MAPK level, the induction of NAG-1 required the —133 to +41 bp region of the promoter. At post-transcriptional

levels, MG132 stabilized NAG-1 mRNA by increasing the half-life from 1.5 h to >8 h. Because of the dra-
matic increase in mRNA stability, this is likely the major contributor to MG132-mediated NAG-1 induc-
tion. Further probing into the mechanism revealed that MG132 increased phosphorylation of the p38
MAPK pathway. Consequently, inhibiting p38 phosphorylation blocked activation of the NAG-1 promoter
and decreased mRNA stability, indicating that p38 MAPK activation mediates both MG132-dependent
promoter activation and mRNA stabilization of NAG-1. We propose that the induction of NAG-1 by

p38 MAPK is a potential contributor to the anti-glioblastoma activity of proteasome inhibitors.

Published by Elsevier Inc.

1. Introduction

Glioblastoma multiforme (GBM) is the most common primary
brain tumor characterized by aggressive invasive behavior and a
poor prognosis [1]. There is an urgent need to identify novel drugs
targeting GBM and to develop more effective therapeutic strategies.

Proteasomes degrade misfolded proteins, control the turnover
of many regulatory proteins, and are essential for many cellular
processes including regulation of gene expression, cell cycle pro-
gression, cellular differentiation, cell death, and tumor growth
[2]. Preclinical studies have demonstrated that the proteasome
inhibitors MG132 and bortezomib inhibit proliferation and pro-
mote cell death in glioblastoma cells [3,4]. In a single Phase 1 clin-
ical trial, bortezomib did not improve prognosis in patients with
GBM [5]. Thus, a better understanding of how the molecular path-

Abbreviations: NAG-1, nonsteroidal anti-inflammatory drug-activated gene-1;
GDF-15, growth differentiation factor-15; GBM, glioblastoma multiforme.
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ways of proteasome inhibitors act in glioblastoma cells is needed
to harness their therapeutic potential.

Nonsteroidal anti-inflammatory drug-activated gene-1 (NAG-1)
represents a divergent member of the TGF-B super family. NAG-1 is
also known as macrophage inhibitory cytokine-1, placental trans-
forming growth factor-B, prostate-derived factor, placental bone
morphogenetic protein, or growth differentiation factor-15 (GDF-
15) [6,7]. NAG-1 is synthesized as a 308-amino acid pro-peptide
and secreted as a mature protein after proteolytic cleavage [6-
10]. The secreted form is present in the blood of humans and media
of cultured cells expressing NAG-1 [9]. Both the pro-form and se-
creted form are likely to play central roles in the biological activity
of NAG-1 [6,7,9,10]. There are conflicting reports concerning the
tumor suppressor and oncogenic activities of NAG-1 [10]. NAG-1
expression is upregulated by the tumor suppressors p53 and Egr-
1 [6,7,9]. Several drugs with anti-inflammatory and anti-tumori-
genic activities increase NAG-1 expression [6,7,9]. Many in vitro
studies suggest that expression of NAG-1 inhibits tumor cell
growth [6-9,11-13]. The most compelling evidence for anti-
tumorigenic activity comes from studies with transgenic mice
expressing human NAG-1 [14]. It has not been investigated if pro-
teasome inhibitors induce the expression of this potential tumor
suppressor protein.
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Here we report that the proteasome inhibitor MG132 stimu-
lates NAG-1 expression in glioblastoma cells. MG132-induced
NAG-1 expression was dependent on the p38 MAPK pathway and
involved both transcriptional (promoter activation) and post-tran-
scriptional mechanisms (mRNA stability). Our data suggest that
NAG-1 expression provides a novel pathway for anti-glioblastoma
activity of proteasome inhibitors.

2. Materials and methods

Total cell lysates from cultured cells were isolated in radio
immunoprecipitation assay (RIPA) buffer supplemented with pro-
tease and phosphatase inhibitors for Western blot analysis. Equal
amounts of lysates were resolved by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and analyzed. The Human GDF-15
Duo Set Enzyme-Linked Immunosorbent Assay (ELISA) Develop-
ment kit (R&D Systems, Minneapolis, MN, USA) was used to deter-
mine NAG-1 protein levels in the cell culture medium. Total RNA
from cultured cells was isolated using the RNeasy MINI kit (Qiagen,
Valencia, CA). After cDNA synthesis, RT-PCR assays were performed
using the MyiQ Real-time PCR Detection System (Bio-Rad, Hercu-
les, CA, USA). PCR amplification levels were normalized to those
of B-actin. PCR primers are shown in Supplementary Materials
and Methods. The human NAG-1 promoter constructs used in the
luciferase assay were described previously [15]. The two-tailed un-
paired Student’s t-test was used for statistical assessment between
experimental groups. A p <0.05 was considered significant. Cell
culture, luciferase reporter assays, small interfering RNA (siRNA)
transfection, and flow cytometric analysis of propidium iodide-
stained cells were performed using standard procedures (see de-
tails in Supplementary Materials and Methods).

3. Results

3.1. Proteasome inhibitor MG132 induces NAG-1 expression in
glioblastoma cells and causes accumulation of U87MG cells in the sub-
G1 phase

We measured NAG-1 mRNA and protein levels after treatment
with MG132 in the U87MG, U138MG, T98G, and A172 MG glioblas-
toma cell lines to investigate whether the proteasome inhibitor
MG132 could induce NAG-1 expression. NAG-1 mRNA and protein
levels remained undetectable after DMSO vehicle treatment
(Fig. 1A and B). Treatment with MG132 increased NAG-1 mRNA
expression in all four cell lines (Fig. 1A). MG132 increased protein
expression of pro-form NAG-1 in U87MG and A172 cells (Fig. 1B).
Furthermore, bortezomib, a proteasome inhibitor in clinical use,
also induced NAG-1 mRNA and protein expression in U87MG and
A172 cells (Supplementary Fig. 1). Thus, MG132 and bortezomib
increased NAG-1 expression in glioblastoma cells. MG132 and
U87MG cells were used for all subsequent experiments because
of the large increase in NAG-1 expression observed after treatment.
Next, we sought to examine MG132 activity in U87MG cells. The
flow cytometric analysis showed that treatment with MG132 for
24 h increased the proportion of cells in the sub-G1 phase
(Fig. 1C). Importantly, U87MG cells transfected with siRNA to
knockdown NAG-1 were less sensitive than control cells to the ac-
tion of MG132 (Fig. 1C and D).

3.2. MG132 induces NAG-1 expression in a concentration and time-
dependent manner

U87MG cells were treated with increasing concentrations
(0.25-5 uM) of MG132 for 12 h. NAG-1 mRNA levels increased
100-175-fold in US7MG cells treated with 1, 2, or 5 puM MG132

(Fig. 2A). NAG-1 protein levels increased steadily with MG132 con-
centrations of 0.25-1 uM and then reached a plateau (Fig. 2B).
Next, U87MG cells were treated with 1 uM MG132 for 0-24 h.
NAG-1 mRNA expression peaked at 18 h followed by a decline in
expression, although expression remained high even at 24 h com-
pared to that in DMSO-treated cells (Fig. 2D). Similarly, NAG-1 pro-
tein expression increased in a time-dependent manner, with a
steady increase in expression at 0-12 h after exposure to MG132
(Fig. 2E). Expression of the secreted form of NAG-1 was also in-
duced by MG132 in U87MG cells in a concentration and time-
dependent manner (Fig. 2C and F).

3.3. MG132 increases NAG-1 promoter activity

The NAG-1 promoter construct pNAG3500/LUC [15] was trans-
fected into UB7MG cells, and the luciferase assay was performed
after MG132 treatment to determine if transcriptional activation
was involved in MG132-mediated NAG-1 upregulation. MG132
significantly increased pNAG3500/LUC promoter activity
(Fig. 3C), indicating that MG132 increases NAG-1 expression at
the transcriptional level. To explore if MG132 directly activates
the NAG-1 promoter or indirectly acts by increasing expression
of specific transcriptional factors, cells were pretreated with the
translation inhibitor cycloheximide (CHX) and incubated with
MG132. As shown in Fig. 3A and B, MG132 did not increase
NAG-1 mRNA or protein levels in the presence of CHX, suggesting
that MG132-induced NAG-1 expression at least requires new inter-
mediate regulatory protein synthesis. We performed the luciferase
assay with the deletion constructs pNAG1086/LUC, pNAG474/LUC,
and pNAG133/LUC to determine the transcriptional response ele-
ment(s) in the NAG-1 promoter. As shown in Fig. 3C, MG132 treat-
ment activated all of the NAG-1 promoter constructs. These data
confirmed that MG132 stimulates NAG-1 promoter activity and
suggest that the critical response elements were located in the
—133 to +41 bp region of the NAG-1 promoter. Our previous stud-
ies on the regulation of NAG-1 expression revealed the importance
of the Sp-1 binding sites (Sp-1 A and Sp-1 BC), which overlap with
Egr-1 binding sites in this NAG-1 promoter region to mediate the
induction of NAG-1 by many drugs and chemicals [6,7,9,11,15].
U87MG cells were transfected with wild-type or deletion con-
structs lacking Sp-1/Egr-1 binding sites and treated with MG132
to determine if the Sp-1/Egr-1 binding sites are required for the
MG132 effect. As shown in Fig. 3D, deletion of the Sp-1/Egr-1 bind-
ing sites did not affect luciferase activity. To further rule out the
requirement for Egr-1 and Sp-1 proteins in NAG-1 induction by
MG132, Egr-1 mRNA and Egr-1 and Sp-1 protein expression were
measured after MG132 treatment. As shown in Supplementary
Fig. 2, no change in Egr-1 and Sp-1 expression was observed after
MG132 treatment. Thus, the site responsible for the MG132 effect
was located between —133 and +41 bp, and activation did not re-
quire the Sp-1/Egr-1 binding site. The promoter region from
—133 to +41 bp was further analyzed for other potential binding
sites, and only a putative C/EBPa site was evident. However,
knocking down C/EBPa did not inhibit the expression of MG132-
induced NAG-1 mRNA or protein (Supplementary Fig. 3). Further
study will be required to elucidate the detailed mechanism of
NAG-1 promoter activation by MG132.

3.4. MG132 increases NAG-1 mRNA stability

MG132 increased NAG-1 promoter luciferase activity 20-fold
above that of the DMSO (Fig. 3C), whereas NAG-1 mRNA induction
by MG132 increased more than 100-fold (Fig. 2A, D), suggesting
that other mechanisms may be involved in MG132-induced NAG-
1 mRNA/protein expression. MG132 has been reported to regulate
adenylate/uridylate-rich elements (AREs)-containing mRNAs such
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Fig. 1. Proteasome inhibitor MG132 induces NAG-1 expression in glioblastoma cells and causes accumulation of U87MG cells in the sub-G1 phase. (A and B) Glioblastoma
cells (UB7MG, U138MG, T98G, and A172 cells) were treated with 1 uM MG132 for 12 h. (A) NAG-1 mRNA levels were determined by quantitative RT-PCR. Values are
mean * standard deviation (SD) of three independent experiments. *p < 0.05. (B and D) Cell lysates were subjected to Western blotting analysis, and the 35-kDa pro-form of
the NAG-1 protein and B-actin are shown. (C and D) Control nontarget siRNA or NAG-1 siRNA were transfected into U87MG cells for 48 h. Cells were then treated with 1 pM
MG132 for 24 h. (C) The population of sub-G1 DNA content cells was detected by flow cytometry with propidium iodide staining. Values are mean + SD of three independent

experiments. *p < 0.05.
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Fig. 2. MG132 induces NAG-1 expression in a concentration and time-dependent manner. (A-C) U87MG cells were treated with the indicated concentrations of MG132 for
12 h. (D-F) U7MG cells were treated with 1 pM MG132 for the indicated amount of time. (A and D) Quantitative RT-PCR shows the NAG-1 mRNA levels. *p < 0.05. (B and E)
Western blotting analysis depicts the 35-kDa pro-form of the NAG-1 protein and B-actin expression. (C and F) ELISA analysis was used to measure NAG-1 secreted into the

media. Values are mean + SD of three independent experiments. *p < 0.05.

as p21WAFI/CIPT by increasing mRNA stability [16]. NAG-1 contains
four AUUUA motifs in its 3’ untranslated region that may destabi-
lize NAG-1 mRNA [12]. The effect of MG132 on NAG-1 mRNA sta-
bility was examined with the transcription inhibitor actinomycin
D. The half-life of NAG-1 mRNA was estimated to be approximately
1.5 h in DMSO-treated cells. After treatment with MG132, the half-

life of NAG-1 mRNA increased dramatically to >8 h (Fig. 3E).
MG132 also stabilized NAG-1 mRNA in A172 cells (Supplementary
Fig. 4). Thus, MG132 increased NAG-1 mRNA stability, which
contributed to the increase in NAG-1 protein expression. Next,
we explored specific AREs-binding proteins that contribute to
MG132-mediated NAG-1 mRNA stability. HuR, an AREs-binding
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Fig. 3. MG132 increases NAG-1 promoter activity and mRNA stability. (A and B) U87MG cells were treated with cycloheximide (5 pg/ml) for 30 min, followed by treatment
with 1 uM MG132 for 12 h. (A) Quantitative RT-PCR analysis depicts the induction of NAG-1 mRNA levels. Values are mean * SD of three independent experiments. *p < 0.05.
(B) Western blotting analysis depicts the 35-kDa pro-form of the NAG-1 protein and B-actin expression. (C) The indicated human NAG-1 promoter regions were fused to the
luciferase (LUC) reporter gene. Each construct was co-transfected with pRL null vector into U87MG cells for 48 h, followed by treatment with 1 pM MG132 for an additional
18 h. Promoter activities were measured by luciferase activity. The y-axis shows fold induction (relative luciferase activity of MG132 normalized DMSO-treated cells).
*p <0.05. (D) NAG-1 promoter constructs with internal deletion mutations are described. The internal deletion is shown by a gap in the bar. Wild-type (pPNAG133/LUC and
PNAG44/LUC) or Sp-1 site deletion (pNAG133del.Sp-1) reporters and pRL-null were co-transfected into U87MG cells and followed as in (C). The results are mean * SD of four
independent transfections. ns indicates p > 0.05. (E) U87MG cells were treated with 1 tM MG132 for 18 h. Nascent RNA synthesis was inhibited with 10 pM actinomycin D,
and RNA was harvested at the indicated times after treatment. NAG-1 mRNA levels were adjusted to those of f-actin and measured by quantitative RT-PCR analysis. Results
are plotted as the ratio of the mRNA level present when actinomycin D was added at time 0 h. *p < 0.05.

protein that stabilizes mRNA, is overexpressed in malignant glio-
mas [17]. HuR expression increased in both the nucleus and the
cytoplasm of U87MG cells following MG132 treatment (Supple-
mentary Fig. 5A). However, HuR knockdown did not alter NAG-1
expression level or NAG-1 mRNA stability (Supplementary
Fig. 5B, C). Further studies will focus on which AREs-binding pro-
teins are involved in MG132-induced stabilization of NAG-1
mRNA.

3.5. MG132 induces NAG-1 expression through a p38 MAPK-dependent
mechanism

We sought to determine which signaling pathways mediate
MG132-induced NAG-1 expression in U87MG cells. NAG-1 expres-
sion is controlled by various signaling pathways including Sp-1,
Egr-1, p53, GSK-3, PKC, PKA, MEK, and p38 MAPK [6-9,12,15].
MG132 alters several signaling pathways by activating or inhibit-
ing NFkB, PI3K/Akt, p53, p21WAF! p27XiP JNK, and p38 MAPK in
glioblastoma cells [4]. Several pharmacological inhibitors were
used to determine the potential inhibition of MG132-induced
NAG-1 expression. p38 MAPK inhibitors blocked MG132-induced
NAG-1 expression, whereas the other inhibitors failed to inhibit
MG132-induced NAG-1 expression (Supplementary Fig. 6). This re-
sult suggests that the p38 MAPK pathway mediates MG132-in-
duced NAG-1 expression in U87MG cells. US7MG cells were
treated with MG132, and p38 MAPK phosphorylation was exam-
ined by Western blotting analysis to determine if MG132 induces
phosphorylation of p38 MAPK in U87MG cells. As shown in
Fig. 4A, phosphorylation of p38 MAPK increased following
MG132 treatment, although total p38 MAPK expression did not

change. Phosphorylation of p38 MAPK increased as early as 3 h
after treatment of cells with MG132, and a large increase was ob-
served at 24 h in U87MG cells. Phosphorylation of p38 MAPK oc-
curred earlier than the increase in NAG-1 expression (Fig. 4A). In
the presence of SB203580, a p38 MAPK inhibitor, phosphorylation
of p38 MAPK and expression of the pro-form and secreted form of
NAG-1 mediated by MG132 was attenuated (Fig. 4A, B). MG132-in-
duced NAG-1 mRNA was inhibited by adding a p38 MAPK inhibitor
(Fig. 4E). Thus, MG132 activated the p38 MAPK pathway through
p38 phosphorylation leading to the induction of NAG-1. These
experiments were repeated using A172 cells to assess whether
the regulation of NAG-1 induction by this pathway was a cell
line-specific response. Induction of NAG-1 in response to MG132
treatment was observed but was significantly suppressed by
SB203580 pretreatment (data not shown). We used p38 MAPK-
specific siRNA to knockdown p38 to obtain further evidence for
the role of this pathway. U87MG cells transfected with p38 siRNA
prior to MG132 treatment prevented induction of NAG-1 in com-
parison with that in control siRNA-transfected cells, confirming
the role of the p38 MAPK pathway in MG132-induced NAG-1 acti-
vation (Fig. 4C). We next sought to determine if transcriptional and
post-transcriptional mechanisms were dependent on p38 MAPK
activation. NAG-1 promoter activity was examined in the presence
of a p38 MAPK inhibitor. U87MG cells were transfected with the
NAG-1 promoter construct pNAG133/LUC and then treated with
SB203580, followed by treatment with MG132. As shown in
Fig. 4D, inhibiting p38 MAPK suppressed MG132-induced NAG-1
promoter activity. The contribution of the p38 MAPK inhibitor on
the MG132-mediated increase in NAG-1 mRNA half-life was also
tested. Inhibiting p38 MAPK phosphorylation blocked the MG132
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Fig. 4. MG132 induces NAG-1 expression through a p38 MAPK-dependent mechanism. (A and B) U87MG cells were pretreated with 20 uM SB203580 for 1 h and then treated
with 1 pM MG132 for the indicated times. (A and C) Western blotting analysis depicts the 35-kDa pro-form of the NAG-1 protein, phospho-p38 MAPK (p-p38), p38 MAPK
(p38), and B-actin expression. (B) The NAG-1 protein secreted into the media was measured by ELISA. Values are mean + SD of three independent experiments. *p < 0.05. (C)
Control nontarget siRNA or p38 siRNA were transfected into U87MG cells for 48 h. Cells were then treated with 1 tM MG132 for 24 h. (D) U87MG cells were transfected with
the NAG-1 promoter construct pNAG133/LUC. At 48 h after transfection, the cells pretreated with 50 uM SB203580 for 1 h and then treated with 1 uM MG132 for an
additional 18 h. Firefly luciferase activity was normalized to that of Renilla luciferase. *p < 0.05. (E and F) U87MG cells were pretreated with 20 pM SB203580 for 1 h. The cells
were then incubated with 1 M MG132 for an additional 18 h. (E) NAG-1 mRNA levels were determined by quantitative RT-PCR. *p < 0.05. (F) Nascent RNA synthesis was
inhibited with 10 uM actinomycin D, and RNA harvested at the indicated times after treatment. NAG-1 mRNA levels were measured by quantitative RT-PCR analysis and
adjusted to those of B-actin. Results are plotted as the ratio of the mRNA level present at time 0 h when actinomycin D was added. *p < 0.05. ns indicates p > 0.05.

increase in the half-life of mRNA but did not alter mRNA stability in
the absence of MG132 (Fig. 4F). These results suggest that tran-
scriptional and post-transcriptional induction of NAG-1 by
MG132 requires activation of the p38 MAPK signaling pathway.

4. Discussion

We have shown that the proteasome inhibitors MG132 and
bortezomib, members of a novel class of anti-tumorigenic agents,
induced NAG-1 expression in glioblastoma cell lines. Our results
indicate that both transcriptional and post-transcriptional mecha-
nisms were responsible for the robust increase in NAG-1 mRNA
and protein in the presence of MG132. Post-transcriptional stabil-
ization of NAG-1 mRNA appeared to be a major contributor to the
increase in NAG-1 protein expression. Activation of the p38 MAPK
pathway mediated both transcriptional and post-transcriptional
induction of NAG-1 by MG132.

Previous studies have revealed a number of transcription fac-
tors that act on the NAG-1 promoter. The Sp-1/Egr-1 binding site
is responsible for maintaining expression in a basal state [6,7,9]. In-
creases in NAG-1 expression after treatment with anti-cancer
drugs are mediated primarily by Sp-1, Egr-1, and p53 [6,7,9]. Acti-
vation of the p53 pathway causes a dramatic increase in NAG-1
expression; however, p53 is mutated in about 35% of GBM cases
[3,4]. This makes glioblastoma cells with p53 mutations resistant
to drugs that depend on p53 activity. These findings underscore
the importance of developing therapies that do not rely on the
p53 pathway. A recent study reported that treating glioblastoma

cells with MG132 stimulates several signaling pathways including
p38 MAPK, resulting in cell death and inhibited cell growth [4].
While transient induction of p38 MAPK may provide a survival sig-
nal, persistent activation induces cell death [18]. After MG132
treatment of US87MG cells, NAG-1 expression began to increase
after 12 h, and the levels remained high for at least 24 h after treat-
ment. The time course for NAG-1 expression after MG132 treat-
ment may be consistent with the notion that persistent
activation of p38 MAPK induces cell death. Taken together, the
NAG-1/p38 MAPK signaling pathway may play a critical role in
the anti-glioblastoma activity of MG132.

The observation that MG132-induced NAG-1 significantly by
stabilizing NAG-1 mRNA is important when considering the effects
of proteasome inhibitors on glioblastoma cells. The NAG-1 pro-
moter region is highly methylated in many glioblastomas and their
derived cell lines [13]. This hypermethylation is frequently de-
tected in CpG islands located near the Sp-1/Egr-1 and p53 binding
sites of the NAG-1 promoter [13]. A previous study showed that
CpG promoter methylation blocks NAG-1 induction by nonsteroi-
dal anti-inflammatory drugs (NSAIDs) and could cause resistance
to NSAID-based therapy [13]. Because MG132 increases NAG-1
expression through a post-transcriptional mechanism, hyperme-
thylated cell lines such as A172 continue to respond to MG132.
Glioblastoma characterized by hypermethylation of the NAG-1
promoter could be sensitive to the effects of MG132-mediated
NAG-1 induction.

NAG-1 acts as a tumor suppressor and induces cell death in the
early stages of cancer. NAG-1 expression may be involved in cell
death induced by MG132 or inhibit transformation during the early
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stage of glioma tumorigenesis similar to other TGF-B superfamily
members [19]. The expression of NAG-1 is lower in glioblastoma
cell lines than that in benign glioma cell lines and normal human
astrocytes [13]. NAG-1 expression leads to glioblastoma cell death
and inhibits the growth of glioblastoma cells on soft agar [11,13].
NAG-1 overexpression in human glioblastoma LN-Z308 cells inhib-
its tumor growth in nude mice xenografts [20]. In contrast, NAG-1
promotes proliferation of glioblastoma cells in murine SMA-560
glioblastoma cells, and depleting NAG-1 delays growth of these
cells in syngeneic mice [21]. Elevated levels of NAG-1 in cerebro-
spinal fluid of patients are associated with GBM and shorter sur-
vival [22]. The elevated NAG-1 levels are most likely a reflection
of late stage tumor growth rather than a driving force for tumor
development [9]. However, no transgenic mouse studies have
determined if NAG-1 inhibits glioblastoma development, although
some studies clearly indicate that NAG-1 has tumor suppressor
activity [14]. Future studies will be needed to address the apparent
dichotomous role of NAG-1 in tumorigenesis.

In conclusion, understanding the induction of NAG-1 by the p38
MAPK pathway may provide alternative and improved therapeutic
strategies for the use of proteasome inhibitors in glioblastoma cells.
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