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Background: The mechanism by which MIC-1 expression is regulated post-transcriptionally is not clear.
Results:MIC-1 transcript can be stabilized and mediate cell growth suppression via RNPC1.
Conclusion: RNPC1 can increase MIC-1 expression and inhibit cell growth by binding its 3�-UTR.
Significance: A novel post-transcriptional mechanism is found to regulate MIC-1 expression by RNPC1.

Macrophage inhibitory cytokine-1 (MIC-1), a secreted cyto-
kine, is a direct target of p53 and known to play a role in cell
proliferation, apoptosis, cell metastasis, and angiogenesis
through autocrine and paracrine signaling. Previous studies
have shown that serum levels of MIC-1 closely parallel cancer
progression and are being explored as a diagnostic tool. MIC-1
has also shown potential as a therapeutic agent as it has exhib-
ited several anti-carcinogenic activities. Thus, MIC-1 displays
two opposing effects: tumor suppression versus promotion.
However, it remains unclear whether MIC-1 is regulated by a
mechanism other than transcription and how MIC-1 exerts its
tumor suppression. In this study, we show that overexpression
of RNA-binding protein RNPC1 can increase, whereas knock-
down or knock-out of RNPC1 decreases, MIC-1 transcript and
protein levels. Additionally, we demonstrate that RNPC1 can
bind to MIC-1 mRNA via an AU-rich element within MIC-1
3�-UTR and then enhances MIC-1 mRNA stability. Finally, to
explore the functional significance of MIC-1, we showed that
knockdown ofMIC-1 can decrease RNPC1-induced cell growth
suppression. Altogether, we uncover a novel mechanism by
which MIC-1 can be regulated through RNPC1 via mRNA
stability.

Macrophage inhibitory cytokine-1 (MIC-1),3 also known as
GDF-15, NAG-1, and PTGF-�, is a divergent member of the
TGF-� family (1, 2) and a direct target of wild-type p53 (3). As a
secreted protein, MIC-1 has been shown to play a role in cell
proliferation, apoptosis, metastasis, cell migration, and angio-
genesis through autocrine and paracrine signaling. Although
normally undetectable under physiologic conditions aside from
the placenta and some nervous tissues (4–6), MIC-1 becomes
highly up-regulated under conditions of stress and acute injury
including cancer (7), myocardial infarction, and ischemia (8).
MIC-1 has been determined to be amarker ofmortality (9) with
high serum levels being a predictor of death particularly due to
cancer or cardiovascular disease. Levels of MIC-1 have also

been shown to parallel tumor progression closely with
increased serum levels correlating to the stage and severity of
tumors especially for colon and prostate cancer (7, 10, 11). Due
to this close correlation, MIC-1 has shown the potential to act
as a biomarker of tumor progression and metastasis. Although
MIC-1 exhibits mostly anti-carcinogenic activity including
promotion of apoptosis, cell cycle arrest, and inhibition of cell
motility, reports have indicated that this is not always the case
(12–15). The actual functional role ofMIC-1 seems to varywith
tumor origin, stage, and bioavailability of MIC-1. For instance,
it has been recently reported withinmousemodels that overex-
pression ofMIC-1 results in smaller tumors and longer survival
times but also higher levels of distant organ metastases (16).
Generally, within early stages MIC-1 tends to display anti-can-
cer properties, but this effect is altered in later stage cancers (7).
MIC-1 expression has also been found to be subject to epige-
netic regulation in some tumor cell lines (17, 18).
p53, a crucial tumor suppressor, plays an important role in

the prevention of cancer development by mediating cell cycle
arrest and apoptosis through its downstream targets upon
DNA damage or cellular stress (19, 20). The importance of p53
is seen becausemore than half of all human cancers lack a func-
tional p53 (21). As a direct target of p53,MIC-1 has been shown
to become up-regulated upon treatmentwith anti-cancer drugs
(22). Interestingly, in some cases an increase in MIC-1 can be
induced in cells either with or without p53 (23). Additionally,
MIC-1 has also been shown to be able seemingly to induce
apoptosis in the absence of p53,makingMIC-1 a potential ther-
apeutic as well as a diagnostic agent against cancer. Inhibition
of cell death can also occur if MIC-1 expression is diminished
by disrupting p53 binding to the MIC-1 promoter (24).
RNPC1, also known as RBM38, is an RNA-binding protein

belonging to the RNA recognition motif-containing family of
RNA-binding proteins. It is expressed as two isoforms,
RNPC1a, and RNPC1b (25). RNPC1 is a direct target of p53 and
has been shown to interact with other members of the p53
family including stabilization of p21 and p73 transcripts and
destabilization of p63 transcripts (25–27). RNPC1 also func-
tions in a negative feedback loop against p53 by repressing p53
mRNA translation (28). As an RNA-binding protein, RNPC1
regulates expression of various genes through binding of AU-
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rich elements (AREs) usually located within the 3�-UTR. The
MIC-1 transcript carries an AU-rich region in its 3�-UTR.
Therefore, it is likely that MIC-1 is a target of RNPC1. As it has
been shown previously that MIC-1 can have anti-tumorigenic
properties in the presence or absence of p53, we hypothesize
that RNPC1 can regulateMIC-1 post-transcriptionally by bind-
ing to and modulating the MIC-1 transcript, leading to
increased MIC-1 expression and cell growth suppression.

EXPERIMENTAL PROCEDURES

Cell Culture—RKO, MCF7, and H1299 cells were cultured
using DMEM with 8% FBS supplied by Hyclone and Bench-
mark. Mouse embryonic fibroblast (MEF) cells were cultured
with DMEM containing 10% FBS (Hyclone), 55 �M �-mercap-
toethanol, and 1� minimum Eagle’s medium nonessential
amino acids.
Cell Line Generation—Inducible RNPC1a-expressing cell

lines were generated previously with RKO, MCF7, HCT116,
and H1299 cells using the Tet-on inducible system (25). Two
plasmids were used including pcDNA4/TO containing two Tet
operators within a humanCMVpromoter as well as our gene of
interest RNPC1, and pcDNA6/TRwhich contains a Tet repres-
sor under the control of the CMV promoter. Without tetracy-
cline, the Tet repressor binds to the promoter within the plas-
mid containing RNPC1a, preventing gene expression. Upon
treatment, the tetracycline binds the repressor, leading to
RNPC1a expression.
Lentiviral Knockdown—Lentiviral infection was done by first

obtaining a lentiviral vector expressing shRNA against RNPC1
and another against luciferase to be used as a negative control.
10 �g of either shRNPC1 or shLuciferase was added to three
other plasmids including pCMV-VSVG (5 �g), pMDL-g/pRRE
(5 �g), and pRSV-REV (5 �g) and cotransfected into 293T cells
using Expressfect transfection reagent. Lentiviral particles were
collected from the medium and concentrated through ultra-
centrifugation (25,000 rpm, 4 °C, 1.5 h). Cells were then
infected using our concentrated lentiviral particles and selected
using puromycin for 3 days.
Western Blot Analysis—Whole cell lysates were obtained

using 1� SDS sample buffer and run on 8–11% acrylamide gel.
The blots were transferred to a nitrocellulose membrane and
probed with the appropriate antibodies. Antibodies used
include anti-p53 (mouse monoclonal), anti-NAG-1/PTGF�
(rabbit polyclonal; Millipore), anti-p21 SX-118 (mouse mono-
clonal; Santa Cruz Biotechnology), anti-RNPC1(rabbit poly-
clonal), anti-actin (Sigma), and anti-GAPDH FL-335 (rabbit
polyclonal; Santa Cruz Biotechnology). For detection of
secreted MIC-1, conditioned media were collected and immu-
noprecipitated using 1 �g of anti-MIC-1 antibody (FL-308,
SantaCruz Biotechnology). Immunoprecipitated proteinswere
brought down with Sepharose beads and eluted with SDS-
PAGE and analyzed through Western blotting as above.
RT-PCR—RNA was isolated using TRIzol reagent (Invitro-

gen) following the manufacturer’s protocol. RT-PCR was per-
formed using MMLV-reverse transcriptase (Promega). PCR
was run using GoTaq DNA Polymerase (Promega). The prim-
ers used to detect human and mouse mRNA and premature

mRNAare summarized inTable 1. Primers used to amplify p21,
GAPDH, and RNPC1 were used as described previously (29).
RNA Immunoprecipitation—RNA immunoprecipitationwas

carried out as described previously (25). The cytosolic extracts
from RKO cells were prepared with polysome lysis buffer (10
mM HEPES, pH 7.0, 100 mM KCl, 5 mM MgCl2, 0.5% Nonidet
P-40, 1 mM DTT) and then incubated with 2 �g of rabbit poly-
clonal anti-RNPC1 or nonimmunized rabbit IgG at 4 °C for 4 h.
The RNA-protein immunocomplexes were brought down by
protein G beads followed by RT-PCR analysis. The primers to
detect human RNPC1 mRNA are the same as those described
previously (29).
RNA Electrophoretic Mobility Shift Assay (RNA EMSA)—

32P-Labeled RNA probes were generated by in vitro transcrip-
tion using cDNA containing T7 promoter and various regions
of MIC-1 3�-UTR. For the RNA EMSA assay, 250 nM recombi-
nant GST or GST-RNPC1 fusion protein, 100 �g/ml yeast
tRNA, and 100,000 cpm of 32P-labeled RNA probe were mixed
in binding buffer (10 mM Tris-Cl, pH 8.0, 25 mM KCl, 10 mM

MgCl2, 2 mM DTT) for 20 min at 25 °C. RNA-protein com-
plexes were digested by adding 100 units of RNase-T1 for 15
min at 37 °C and then separated in 6% of native polyacrylamide
gel. RNA-protein complexes were visualized by autoradio-
graphy.
Colony Formation Assay—RKO cells were plated in triplicate

at 300 cells/well in a 6-well plate. Cellswere cultured eitherwith
or without tetracycline (0.25 �g/ml) to induce RNPC1 expres-
sion for 10 days. Cells were then fixed using a 7:1 mixture of
ethanol to acetic acid and then stained using 0.2 g/liter crystal
violet overnight. The results were quantified through densi-
tometry, and statistical relevance was determined by the t test.
p � 0.05 was considered significant.

RESULTS

MIC-1 Expression Is Increased by Ectopic Expression of
RNPC1—First, to examine whether there is any correlation
between MIC-1 and RNPC1, protein and RNA samples were
gathered from inducible RNPC1a-overexpressing cell lines
under the control of a tetracycline-regulated promoter. RKO,
MCF7, andH1299 cells that can be induced to express RNPC1a
were treated with 0.5 �g/ml tetracycline for 24, 48, or 72 h, and
the results were analyzed by Western blotting. Without
RNPC1a induction, MIC-1 expression remained low (Fig. 1,
A–C). Upon induction, increased levels ofMIC-1were detected
at 24 h and were further increased at 48 and 72 h in a time-de-
pendent manner (Fig. 1, A–C). Increases in MIC-1 were also
seen in H1299 cells, but the overall basal expression levels were

TABLE 1
Primers used for RT-PCR
F, forward; R, reverse.

Primer name Sequence

MIC-F 5�-CCAGAGCTGGGAAGATTCGAACAAC-3�
MIC-R 5�-AGATTCTGCCAGCAGTTGGTCCGAC-3�
Pre-MIC-F 5�-ACGCTACGAGGACCTGCTAA-3�
Pre-MIC-R 5�-CCAAGGGGATCCAGGATATT-3�
mMIC-F 5�-GCTGTCCGGATACTCAGTCC-3�
mMIC-R 5�-CCTGCCACAGTCTCCAAGTGA-3�
Pre-mMIC-F 5�-CTGGCACACACCCTAAGGACAT-3�
Pre-mMIF-R 5�-CCTGCACAGTCTCCAAGTGA-3�
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lower than in RKO andMCF7 cells perhaps due to the absence
of p53 inH1299 (Fig. 1,A–C). Consistent with previous reports,
MIC-1 levels closely paralleled p21 levels (13, 22). Additionally,
secreted mature MIC-1 was increased upon induction of
RNPC1a within MCF7 cells (Fig. 1D).
Second, to determine how RNPC1 regulates MIC-1 expres-

sion, the MIC-1 transcript was measured by RT-PCR. RKO,
MCF7,H1299, andHCT116 cellswere induced or uninduced to
express RNPC1a for 36 h. Upon induction of RNPC1a, an
increase inMIC-1mRNAwas detected (Fig. 1E).We also exam-
ined pre-mRNA levels ofMIC-1 to checkwhether the increased
expression was due to post- or pre-transcriptional changes.
Whereas mature mRNA levels were affected by changing
RNPC1 levels, pre-mRNA levels remained relatively even (Fig.
1E), suggesting that MIC-1 is regulated mainly at a post-tran-
scriptional level.
Third, we wanted to verify whether knockdown of RNPC1

can negatively impact MIC-1 expression in RKO, MCF7, and
H1299 cells. RNPC1 expression was knocked down with
shRNA targeting RNPC1 through lentiviral transduction.
shRNA targeting luciferase was used as a negative control. We
found that knockdown of RNPC1 through shRNA was able to
decrease levels of MIC-1 in RKO and MCF7 (Fig. 2, A and B).
This effect was seen at both mRNA and protein levels. In addi-
tion, p53 expressionwas increased, whereas p21 expressionwas

decreased (Fig. 2, A and B), consistent with previous reports
(25, 28). However, MIC-1 protein levels were difficult to detect
in H1299 cells likely due to the lack of p53. Nevertheless, the
decrease in MIC-1 mRNA could be detected by RT-PCR (Fig.
2B). Once again, we found that MIC-1 pre-mRNA remained
relatively unchanged, suggesting that MIC-1 is regulated by
RNPC1 primarily at a post-transcriptional level (Fig. 2B).
Fourth, we examined the effect of RNPC1 onMIC-1 expres-

sion in wild-type and RNPC1�/� MEFs using RT-PCR.
Whereas MIC-1 mRNA expression was seen clearly within
wild-type MEF cells, the levels of MIC-1 were markedly
reduced in MEFs without RNPC1 (Fig. 2C). Additionally,
MIC-1 pre-mRNA remained unchanged (Fig. 2C). Together,
our data indicate that RNPC1 can positively affect MIC-1
expression.
RNPC1 Can Enhance MIC-1 mRNA Stability—As an RNA-

binding protein, RNPC1 is known to regulate gene expression
through mRNA stability. Thus, we examined whether RNPC1
regulates MIC-1 expression by altering the stability of its
mRNA. To test this, MCF7 cells were treated with tetracycline
(0.5 �g/ml) to induce RNPC1a expression for 36 h prior to
treatment with 5 �g/ml actinomycin D, a transcription inhibi-
tor. Total RNAswere harvested from the cells over a 5-h period
at 1-h intervals and then analyzed by RT-PCR (Fig. 3A). With
induced expression of RNPC1, the half-life ofMIC-1 transcript

FIGURE 1. MIC-1 expression is increased by RNPC1a. A–C, MCF7, RKO, and H1299 cells were induced or uninduced with 0.5 �g/ml tetracycline to express
RNPC1a for 24, 48, and 72 h. The levels of RNPC1a, MIC-1, p21, p53, actin, and GAPDH were measured by Western blotting. D, MCF7 cells were induced or
uninduced with tetracycline for 48 h. Levels of RNPC1a, p21, pro-MIC-1, and actin were analyzed through Western blotting. Secreted MIC-1 was detected by
Western blotting after immunoprecipitation (IP) with conditioned medium gathered from induced or uninduced MCF7 cells. IB, immunoblotting. E, levels of
RNPC1a, MIC-1, and GAPDH mRNA were analyzed by RT-PCR. RNA was isolated from cell extracts obtained from MCF7, RKO, H1299, and HCT116 cells that were
uninduced or induced to express RNPC1a for 36 h. preMIC-1, premature MIC-1 mRNA.
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was increased from �2.1 to � 4.4 h (Fig. 3), suggesting that
MIC-1 mRNA stability is regulated by RNPC1.
MIC-1 3�-UTR Contains an AU-rich Element, Which Can Be

Recognized by RNPC1—Next, we wanted to determine whether
RNPC1 physically associates with MIC-1 transcripts in RKO
cells. To test this, we performed an RNA immunoprecipitation
assay followed byRT-PCR and found thatMIC-1 transcriptwas
detectable in RNPC1, but not control IgG immunocomplexes
(Fig. 4A). p21 transcript wasmeasured as a positive control as it
has previously been shown to form immunocomplexes with

RNPC1 (25). No noticeable GAPDHbandwas seen to associate
with either RNPC1 or IgG as expected. These results indicate
that RNPC1 can physically bind to MIC-1 transcripts.
To map out the RNPC1 binding region in MIC-1, we per-

formed RNA-EMSA using radiolabeled RNA probes. RNA
fragments containing wild-typeMIC-1 3�-UTRs and an altered
ARE were generated (Fig. 4B). We found that whereas GST
alone did not bind to the MIC-1 3�-UTR, GST-fused RNPC1a
formed a complex with wild-type MIC-1 3�-UTR (Fig. 4C, lane
2). Formation of this complex was abrogated with the addition
of a cold probe, indicating that the bindingwas specific (Fig. 4C,
lane 3). Addition of cold p21, which is known to contain anARE
recognized by RNPC1 (29), also mitigated the binding between
MIC-1 and GST-RNPC1a (Fig. 4D, compare lanes 2 and 3).
Mutant MIC-1 3�-UTR, designated as UtC, was also probed
with GST-RNPC1a (Fig. 4B). The UtC fragment was unable to
form a complex with RNPC1, indicating that the ARE is indeed
necessary for binding of RNPC1 (Fig. 4E, lane 4). Finally, we
examined whether RNPC1 mutants (�RNP2 and �RNP1),
which lack a subdomain in the RNPC1 RNA recognition motif,
are capable of binding to MIC-1 3�-UTR (Fig. 4F). Whereas a
binding complex was detected between MIC-1 and GST-
RNPC1a (Fig. 4G, lane 2), little if any binding was detected if
either RNP site was absent (Fig. 4G, lanes 3 and 4). Altogether,
this suggests thatMIC-1 requires the ARE within its 3�-UTR to
physically associate with RNPC1. The RNAbinding domains in
RNPC1 are also required for binding to the MIC-1 transcript.
MIC-1 Knockdown Attenuates RNPC1-induced Inhibition of

Cell Growth—Previous reports have indicated that MIC-1
exhibits both anti-tumorigenic and oncogenic activity. To
examine the role of MIC-1 in cancer cell growth, we generated
MIC-1 knockdown RKO cell lines in which RNPC1 can be
inducibly expressed. The resulting cell line was designated
RKO(MIC-1KD)/RNPC1a. Clone 10 was selected for further
study. RKO-RNPC1 17, which is capable of inducibly express-
ing RNPC1a (25), was used for control. Whereas MIC-1 was

FIGURE 2. MIC-1 expression is decreased by knockdown of RNPC1. A, RKO and MCF7 cells were transduced with a lentivirus containing either control
luciferase shRNA (shluc) or RNPC1 shRNA (shRNPC1) and then selected by puromycin (1 �g/ml) for 3 days prior to Western blot analysis. B, MCF7, RKO, and
H1299 cells were transduced as in A and underwent puromycin selection for 3 days. Transcript levels were measured through RT-PCR. C, levels of RNPC1, MIC-1,
and GAPDH in wild-type and RNPC1�/� MEFs were analyzed through RT-PCR.

FIGURE 3. MIC-1 mRNA stability is regulated by RNPC1. A, MCF7 cells were
treated with actinomycin D (ActD, 5 �g/ml) over a 5-h period at 1-h intervals.
Total RNAs were isolated, and MIC-1 and GAPDH transcript levels were ana-
lyzed using RT-PCR. B, MIC-1 levels were normalized with GAPDH transcript
levels and plotted along a time course to calculate the relative half-life of
MIC-1 in the presence or absence of RNPC1.
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induced by RNPC1 (Fig. 5A, compare lanes 1 and 2), increased
MIC-1 expression was not as prominent in MIC-1 knockdown
cells despite similar levels of RNPC1 (Fig. 5A, compare lanes 3
and 4). Next, colony formation assay was performed and
showed that upon induction of RNPC1, cell growth was mark-
edly inhibited. However, by knocking downMIC-1, cell growth
inhibition was greatly mitigated (Fig. 5B). Quantitative analysis
showed that RNPC1-mediated growth inhibition was dimin-
ished from 80% in the presence of MIC-1 to 38% upon knock-

down of MIC-1 (Fig. 5C). Previous studies showed that overex-
pression of MIC-1 suppresses cell growth by signaling
downstream through the TGF-� pathway, which can increase
p21 expression (3, 30). Furthermore, targeting MIC-1 expres-
sion using siRNA has been observed to down-regulate p21 (31).
Consistently, we found that RNPC1 induction of p21 was
decreased when MIC-1 was knocked down (Fig. 5A, compare
lanes 2 and 4). Altogether, this suggests that MIC-1 mediates
RNPC1-induced cell growth suppression at least in part via p21.

DISCUSSION

Previous studies have shown that the RNA-binding protein
RNPC1 can regulate several p53 familymembers through bind-
ing of theirAREs. In this study, we have shown that induction of
RNPC1 can increase MIC-1 transcript and protein expression.
Conversely, lack of RNPC1 negatively affects MIC-1 levels.
Pre-mRNA levels in both cases, however, are unaffected by
RNPC1, indicating that regulation of MIC-1 occurs at a post-
transcriptional level. Consistent with this, we have identified an
ARE within MIC-1 3�-UTR which acts as a potential binding
site for RNPC1. Binding of MIC-1 ARE within its 3�-UTR by
RNPC1 leads to enhanced stability of theMIC-1 transcript and
cell growth suppression. This binding can only occur if MIC-1
ARE is present. Altogether, our data indicate that RNPC1 is a
positive post-transcriptional regulator of MIC-1 expression.
Expression of MIC-1 can be induced in response to a variety

of factors including cellular stress, inflammation, and chemi-
cals such as nonsteroidal anti-inflammatory drugs, DNA-dam-
aging agents, and anti-cancer drugs through either p53-depen-
dent or -independent pathways (18, 32). Whereas reports thus
far have investigatedmainly regulation ofMIC-1 at a transcrip-
tional level, here we have uncovered a novel post-transcrip-
tionalmechanismbywhichMIC-1 expression can be regulated.
Due to its high levels within certain cancers such as gastric,
colorectal, prostate, ovarian, and breast cancer and its close
association with the presence particularly of premalignant
colonic diseases, MIC-1 is being explored as a marker of tumor
progression and a prognostic serum biomarker (10, 33, 34).
However, our understanding of the signaling pathways involv-
ing MIC-1 within the context of tumor development is still
incomplete. Similar to other members of the TGF-� family,
MIC-1 displays conflicting roles during early and late stage can-
cers. Through this study, we propose that under nonstressed
conditions, p53 expression remains low, resulting in negligible
levels ofMIC-1.Wild-type p53 activation in response to a stress
signal leads to increased levels of RNPC1 and transcriptional
activation of MIC-1. RNPC1 can then function simultaneously
in a negative feedback loop to inhibit further p53 expression
while binding and stabilizing MIC-1 transcripts, which results
in the overall increased expression of MIC-1 seen in early stage
and premalignant cancers (Fig. 5D). This post-transcriptional
regulation of MIC-1 serves to amplify tumor cell death and
growth inhibition signals that are mediated in part by p21. As
the cancer progresses into later stages, wild-type p53 may no
longer be present. Given that p53 acts as an up-regulator of
MIC-1, loss of wild-type p53 should result in a corresponding
decrease in MIC-1. However, MIC-1 levels tend to increase
rather than decrease as cancers progress. We may speculate

FIGURE 4. RNPC1 can directly bind to MIC-1 transcript at its 3�-UTR. A, RKO
cell lysates were immunoprecipitated with RNPC1 antibody or control IgG
followed by RT-PCR to measure transcript levels of MIC-1, p21, and GAPDH
within RNPC1 or IgG immunocomplexes. B, schematic diagram of MIC-1 tran-
script includes the MIC-1 coding region, 5�-UTR, 3�-UTR, and the ARE. MIC-1
3�-UTR containing an ARE was used as an RNA probe and designated as ARE.
The mutant probe was designated as UtC. C, RNA-EMSA was performed by
mixing 32P-labeled MIC-1 3�-UTR with either GST alone or GST-fused RNPC1a.
Unlabeled wild-type MIC-1 3�-UTR was used as cold probe for competition.
The bracket labeled RPC represents an RNA-protein complex. D, the experi-
ment was performed as in C except p21 cold probe was used for competition.
E, the experiment was performed as in C except that 32P-labeled wild-type
and mutant MIC-1 probes were used for RNA-EMSA. F, schematic diagram
details RNPC1a and �RNP2 and �RNP1 mutants. RRM, RNA recognition motif
region in RNPC1. G, the experiment was performed as in C except that RNA-
EMSA was performed with GST alone, GST-RNPC1a, GST-�RNP2, or
GST-�RNP1.

RNPC1 Regulates MIC-1 Expression through mRNA Stability

23684 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 288 • NUMBER 33 • AUGUST 16, 2013



that this is due to another transcriptional activator. Regardless,
the high levels of MIC-1 observed in late stage cancers suggest
that whatever anti-tumorigenic properties MIC-1 displayed
early on are no longer functional. Furthermore, additional
mutations that may occur within downstream targets ofMIC-1
in cancer cells can render them immune to regulation by
MIC-1. More studies are required to clarify the dual pro- and
anti-tumorigenic roles of MIC-1 and its signaling pathway,
which may provide an insight into possible therapeutic as well
as diagnostic uses for MIC-1.
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