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The p53 tumor suppressor pathway is activated by defective
ribosome synthesis. Ribosomal proteins are released from the
nucleolus and block human double minute-2 (Hdm2) that tar-
gets p53 for degradation. However, it remained elusive how
abrogation of individual rRNAprocessing pathways contributes
to p53 stabilization.Here,we show that selective inhibitionof 18
S rRNA processing provokes accumulation of p53 as efficiently
as abrogated 28 S rRNA maturation. We describe hUTP18 as a
novel mammalian rRNA processing factor that is specifically
involved in 18 S rRNAproduction. hUTP18was essential for the
cleavage of the 5�-external transcribed spacer leader sequence
from the primary polymerase I transcript, but was dispensable
for rRNA transcription. Because maturation of the 28 S rRNA
was unaffected in hUTP18-depleted cells, our results suggest
that the integrity of both the 18 S and 28 S rRNA synthesis path-
ways can be monitored independently by the p53 pathway.
Interestingly, accumulation of p53 after hUTP18 knock down
required the ribosomal protein L11. Therefore, cells survey the
maturation of the small and large ribosomal subunits by sepa-
rate molecular routes, which may merge in an L11-dependent
signaling pathway for p53 stabilization.

Mammalian RNApolymerase I (pol I)3 transcribes a single 47 S
precursor ribosomal RNA (rRNA). Endonucleolytic, exonucleo-
lytic, andotherRNAmodification steps generate themature 5.8 S,
18 S, and 28 S rRNAs (1). Processing of rRNA is exerted within
preribosomal particles and therefore tightly connected with 40 S
and60S subunit assembly.Ribosomebiogenesis and thus success-
ful doubling of the translational machinery are prerequisites for
ongoing cell proliferation. Interestingly, the integrity of mamma-
lian ribosome biogenesis is monitored by the p53 tumor suppres-
sor pathway.A truncated versionofBop1blocked28S rRNAmat-
uration and elicited a p53-dependent cell cycle arrest (2). Bop1 is

the core component of the PeBoW complex, consisting of Pes1,
Bop1, andWDR12, which plays a crucial role in 28 S rRNAmatu-
ration (3).Moreover, selective abrogation of pol I transcription by
low doses of actinomycin D (5–10 nM) provokes stabilization of
p53. The large ribosomal subunit protein L11 was identified as an
endogenous inhibitor ofHdm2/Mdm2 (4, 5).Hdm2 is anE3ubiq-
uitin ligase that targets p53 for degradation and is a key negative
regulator of p53 (6). L11 was no longer incorporated into nascent
ribosomes in actinomycin D-treated cells because of defective pol
I transcription. L11 bindsHdm2and inhibits its function resulting
in accumulation of p53. Subsequently, the ribosomal proteins L5
and L23 were described as additional inhibitors of Hdm2 (7, 8).
Similar resultswereobtained in5-fluorouracil (5-FU)-treated cells
(9, 10). The chemotherapeutic agent 5-FU is incorporated effi-
ciently in newly synthesized RNA and potently blocks rRNA pro-
cessing. 5-FU treatment caused an increase of ribosome-free L5,
L11, and L23mediatingMdm2 inhibition. L5, L11, and L23 are all
components of the large 60 S ribosomal subunit. Recently, a ribo-
somal protein of the small 40 S subunit was isolated in a yeast
two-hybrid screen as a novel Mdm2-binding protein. Ribosomal
protein S7 overexpression causedMdm2 inhibition andp53 accu-
mulation (11). Apparently, ribosomal proteins of the small 40 S
and large 60 S subunit are utilized in the Hdm2-p53 feedback
circuit.
However, it remained elusive whether specific blockage of 40

S subunit maturation can cause accumulation of p53 as it has
been demonstrated for selective impairment of 60 S subunit
synthesis. Therefore, we targeted themammalian small subunit
(SSU) processome to inhibit the 18 S rRNAprocessing pathway
selectively. In yeast, the SSU processome was identified as the
macromolecular correlate of the terminal knob structure of
nascent pol I transcripts that can be detected by electron
microscopy (12). SSU processome factors are designated as
UTPs (U3 small nucleolar RNA-associated proteins). Deletion
of classical UTPs abrogates 18 S rRNA maturation, whereas
transfer-UTPs are also required for pol I transcription (12).We
describe hUTP18 as the putative mammalian homolog of yeast
UTP18, a member of the classical UTPs. We investigated its
function in ribosome biogenesis and particularly focused on the
effect of hUTP18 depletion on p53 accumulation.

EXPERIMENTAL PROCEDURES

Tissue Culture—HeLa, H1299, 2fTGH, and RKO cells were
cultured in Dulbecco’s modified Eagle’s mediumwith 10% fetal
bovine serum at 8%CO2. 2fTGH cells were cultured at 5%CO2.
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siRNA Transfection—6 � 104 H1299 or 2fTGH cells were
seeded in 6-well plates. 7.5�l of 20�M control, Pes1-specific, or
hUTP18-specific siRNAs (CureVac, Tübingen, Germany) or
Dharmacon smart pools were used for transfection/well using
Oligofectamine and Opti-MEM (Invitrogen). Cells were incu-
bated for 5–6 h and transfected on two consecutive days. The
following siRNA sequences (sense) were used: control (no
cellular target), 5�-UUCUCCGAACGUGUCACGUdTdT;
Pes1ORF, 5�-AGGUCUUCCUGUCCAUCAAdTdT; Pes1UTR,
5�-CCAGAGGACCUAAGUGUGAdTdT; hUTP18ORF, 5�-
GCAAGGUUCUUUAUGUCUAdTdT; and hUTP18UTR, 5�-
AGCCAGUAAUGUCUUAAUAdTdT. Dharmacon smart pools
were: RPS7-1, GAGAUGAACUCGGACCUCAdTdT; RPS7-2,
GGGCAAGGAUGUUAAUUUUdTdT; RPS7-3, CUAAG-
GAAAUUGAAGUUGGdTdT; RPS7-4, GCCGUACUCUGAC-
AGCUGUdTdT; RPL11-1, GAACUUCGCAUCCGCA-
AACdTdT; RPL11-2, UAAAGGUGCGGGAGUAUGAdTdT;
RPL11-3, AAAGCUAGAUACACUGUCAdTdT; and RPL11-4,
AAAGAUUGCUGUCCACUGCdTdT.
Quantitative Reverse Transcriptase PCR—Total RNA was

harvested and 1 �g of RNA was used for the reverse tran-
scriptase reaction using random primers (Invitrogen). Equal
amounts of cDNA were combined with the respective primer
pair and the SYBR fast reactionmix (Roche Applied Science). A
7500 Fast system (Applied Biosystems) was used for the real-
time PCR. The following primers were used in this study:
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 5�-
AAGGTGAAGGTCGGAGTCAA-3� and 5�-AATGAAGGG-
GTCATTGATGG-3�; L11, 5�-CTTTTCATTTCTCCGGA-
TGC-3� and 5�-ATCTGTGTTGGGGAGAGTGG-3�; S7, 5�-
CCATCTAGTTTGACGCGGAT-3� and 5�-AATAAGCAA-
AAGCGTCCCAG-3�.
Metabolic Labeling of Nascent rRNA—H1299 or 2fTGH cells

were incubated in phosphate-free Dulbecco’s modified Eagle’s
medium/10% fetal bovine serum for at least 30 min and then
incubated for 1 h in the presence 15�Ci/ml 32Pi. Themetabolic
labeling mediumwas then removed, and cells were further cul-
tivated for 4–5 h in Dulbecco’s modified Eagle’s medium/10%
fetal bovine serum. Total RNA was isolated using the RNeasy
Mini kit (Qiagen). 1.5�g ofmetabolically labeled total RNAwas
separated on a 1% agarose-formaldehyde gel. The gel was then
dried on a Whatman paper using a regular gel drier (Bio-Rad)
connected to a vacuum pump for 2–3 h at 80 °C. Metabolically
labeled RNA was visualized by autoradiography.
Northern Blot Analysis of rRNA Intermediates—Total RNA

of H1299 cells was isolated using Trifast (PeqLab, Erlangen,
Germany). 5 �g of total RNA was separated on a 1% agarose-
formaldehyde gel and blotted on Hybond N� membranes
(AmershamBiosciences). The following DNA oligonucleotides
were 5� end-labeled using T4 polynucleotide kinase in the
presence of [�-32P]ATP: ITS-1, 5�-CCTCCGCGCCGGA-
ACGCGCTAGGTACCTGGACGGCGGGGGGGCGGACG;
ITS-2, 5�-GCGGCGGCAAGAGGAGGGCGGACGCCGCC-
GGGTCTGCGCTTAGGGGGA; and 5�-external transcribed
spacer leader sequence, 5�-CGGAGGCCCAACCTCTCCG-
ACGACAGGTCGCCAGAGGACAGCGTGTCAGC. Mem-
branes were preincubated with Church buffer at 65 °C for
3 h, and the radioactively labeled probes were then added

overnight. Membranes were shortly washed in 1�SSC and
0.2�SSC.
Immunoblotting and Immunofluorescence—Adherent cells

were washed once with phosphate-buffered saline and then
directly lysed in 2� SDS loading buffer (100 mM Tris/HCl, 200
mM dithioerythritol, 4% SDS, 10 mM EDTA, 0.2% bromphenol
blue, 20% glycerol). Whole cell lysates were separated by SDS-
PAGE and blotted on nitrocellulose membranes (Amersham
Biosciences). Immunodetection was performed with mono-
clonal antibodies directed against hUTP18 (3C4), Pes1 (8H11),
and�-tubulin (Sigma-Aldrich), p21 (C-19; Santa Cruz Biotech-
nology), and DDX6 (NB200-191; Novus Biologicals). The
monoclonal antibody against human Pes1 was described previ-
ously (3). Generation of the monoclonal antibody against
hUTP18 is separately described within this section.
For indirect immunofluorescence, cells were grown on cov-

erslides, fixedwith ice-coldmethanol, and air-dried. Unspecific
binding was blocked with phosphate-buffered saline and 10%
fetal bovine serum. Primary antibodies were incubated over-
night at 4 °C in a humidified chamber. Cy3-labeled secondary
antibodies (Dianova) were incubated for 1 h at room tempera-
ture. Nuclei were counterstained with DAPI (Sigma-Aldrich).
Digital images were acquired using the Openlab acquisition
software (Improvision) and a Zeiss Axiovert 200Mmicroscope
(Carl Zeiss MicroImaging) with a 63 (1.15) plan oil objective
connected to a CCD camera (Hamamatsu, ORCA-479).
Generation of Monoclonal Antibody against hUTP18—An

internal peptide of hUTP18 (26RPDWKAGAGPGGPPQK41)
was synthesized and coupled to keyhole limpet hemocyanin or
ovalbumin (PSL; Heidelberg). Lou/c rats were immunized in-
traperitoneally and subcutaneously with 50 �g of peptide-key-
hole limpet hemocyanin using CPG 2006 and Incomplete
Freund’s adjuvant. After 8 weeks, a boost of antigen was given
intraperitoneally and subcutaneously. Three days later, fusion
of P3X63-Ag8.653 myeloma cells with the rat spleen cells was
performed according to standard procedures. Supernatants
were tested in an enzyme-linked immunosorbent assaywith the
peptide coupled to ovalbumin. Peptide-specific antibodieswere
further analyzed byWestern blotting using extracts fromHeLa
cells. The rat monoclonal hUTP18 antibody (3C4) is an IgG1
subtype.

RESULTS

hUTP18 contains C-terminal WD repeats (Fig. 1A) that
mediate protein-protein interactions and are frequently found
in the nucleolar proteome (13, 14). We raised a monoclonal
antibody against hUTP18 and confirmed its specificity by ana-
lyzing total cell lysates of control and hUTP18 siRNA-treated
HeLa cells (Fig. 1B). A band at the expected molecular size of
hUTP18 was clearly diminished by siRNA knock down. Fur-
ther, we analyzed the subcellular localization of hUTP18 by
indirect immunofluorescence (Fig. 1C). hUTP18 predomi-
nantly localized to the nucleolus and only faintly to the nucle-
oplasm. The specificity of the staining was verified by the anal-
ysis of hUTP18-depleted cells that exhibited a profound
reduction in the signal intensity. Several chemotherapeutic
agents disrupt the nucleolar structure (15). We compared the
localization of Pes1, involved in the maturation of the 28 S
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rRNA, and hUTP18 upon treatment of actinomycin D and
5-FU (Fig. 1D). Low doses of the DNA intercalating agent acti-
nomycin D (10 nM) specifically block pol I transcription due to
the explicitly high GC content of the rDNA gene clusters. Acti-
nomycin D treatment caused a rapid nucleoplasmic redistribu-
tion of hUTP18 and Pes1. In addition, hUTP18 and Pes1 accu-
mulated in a rim around the nucleolus, and hUTP18 also
formed cap-like structures adjacent to the rim (Fig. 1D). It is
noteworthy that the structural integrity of the nucleolus
remained intact in low dose actinomycin D-treated cells as can
be concluded from the phase-contrast images. This suggests
that nucleolar localization of hUTP18 and Pes1 is dependent on
active pol I transcription. The antimetabolite 5-FU interferes
with rRNA processing by incorporation into nascent rRNA
transcripts. Even high doses of 5-FU (250 mM) had no obvious
impact on the structural integrity of the nucleolus. We also
observed no significant redistribution of Pes1 or hUTP18.
hUTP18 Is Required for 18 S rRNA Maturation and the

Cleavage of the 5�-ETS Leader Sequence—Next, we investigated
the role of hUTP18 in ribosome biogenesis by RNA interfer-
ence. Two hUTP18-specific siRNAs were used to confirm the
specificity of the observed depletion phenotypes. Both hUTP18
siRNAs depleted the endogenous protein in H1299 cells; how-
ever, the 3�-UTR-specific siRNAwas less efficient than theORF
targeting siRNA (Fig. 2A). Knock down of Pes1 by two individ-
ual siRNAs did not affect hUTP18 levels, thus allowing the
selective inhibition of the SSU processome and the PeBoW

complex. To study rRNA process-
ing in hUTP18- or Pes1-depleted
cells, we performedmetabolic label-
ing of nascent rRNA. Pes1-depleted
cells failed to produce mature 28 S
rRNA (Fig. 2B), but production of
the 18 S rRNA was unaffected (16).
In contrast, knock down of hUTP18
selectively abrogated accumulation
of 18 S rRNA. Noteworthy, the
defect in hUTP18ORF-treated cells
was more pronounced than in
hUTP18UTR-treated cells, consist-
ent with protein knockdown effi-
ciencies (Fig. 2A) and thus arguing
for a specific dose-dependent deple-
tion phenotype. Longer exposures
of the autoradiography and the
ethidium bromide gel revealed an
additional reduction of the less
abundant 41 S and 36 S pre-RNA
precursors, indicating an upstream
defect of pre-rRNA processing in
hUTP18 knockdown cells (Fig. 2C).
In Pes1-depleted cells, these precur-
sor rRNAs slightly accumulated
consistent with a downstream
rRNA processing defect. Our meta-
bolic labeling assay is convenient to
assess gross defects in 18 S and 28 S
rRNA maturation, but it is not very

sensitive for the detection of aberrant intermediates that are
rapidly degraded by the nuclear exosome (17).
In yeast, SSUprocessome function is crucial for the very early

steps of pre-rRNA processing (12). To investigate the forma-
tion of aberrant rRNA species, we conducted Northern blot
analysis using a 5�-ETS-specific hybridization probe (Fig. 2D).
A scheme of mammalian rRNA processing pathways and the
approximate location of the hybridization probes are shown in
Fig. 2C. hUTP18-depleted cells accumulated the 47 S pre-rRNA
and a novel 5�-ETS leader sequence containing pre-rRNA of
�33 S–34 S. This aberrant form also hybridized with an ITS-1-
specific but not with an ITS-2-specific probe. Therefore, this
aberrant form represents a pre-rRNA containing the complete
5�-ETS, 18 S and ITS-1 region, but lacking the ITS-2, 28 S, and
3�-ETS sequences. As hUTP18 repression had no impact on 12
S rRNA levels, the aberrant rRNA precursor in hUTP18-de-
pleted cells also lacks the 5.8 S rRNA region. Otherwise, it
would be detected by the ITS-2-specific probe that also hybrid-
izes to the 12 S rRNA. These findings are consistent with the
metabolic labeling experiments that revealed abrogated forma-
tion of 18 S rRNA but intact maturation of the 28 S rRNA and
5.8S rRNA in hUTP18-depleted cells (Fig. 2B).

Conclusively, we found that hUTP18 is required for the
cleavage of the 5�-ETS rRNA leader sequence and subsequent
maturation of the 18 S rRNA. Pol I transcription was not
affected in hUTP18 knockdown cells. Therefore, the role of

FIGURE 1. Subcellular localization of hUTP18 in unstressed and stressed cells. A, schematic view of hUTP18
protein. WD repeats are indicated by black bars. B, verification of the specificity of the monoclonal �-hUTP18
antibody (3C4) by Western blot analysis of control and hUTP18ORF siRNA-treated HeLa cells. A tubulin blot is
shown as control. C, verification of the specificity of the monoclonal �-hUTP18 antibody (3C4) by indirect
immunofluorescence. Control and hUTP18ORF siRNA-treated HeLa cells were stained with �-hUTP18, and
nuclei were counterstained with DAPI. Images were taken with identical exposure times. D, HeLa cells were
treated with actinomycin D (Act D; 10 nM) or 5-FU (250 mM) for 6 h. Cells were stained with �-hUTP18 or �-Pes1
antibodies. White arrows in the images of actinomycin D-treated cells highlight cap-like (hUTP18) and rim-like
structures (Pes1).
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hUTP18 in rRNAprocessing is compatible with a classical UTP
factor of the SSU processome.
Selective Inhibition of 18 S rRNAMaturation Is Sufficient for

a Functional p53 Response—So far, we have shown that deple-
tion of hUTP18 abrogates production of the 18 S rRNA,
whereas maturation and export of the large ribosomal subunit

are unaffected. Next, we tested
whether specific inhibition of the 18
S rRNA synthesis pathway also trig-
gers accumulation of endogenous
p53. Several studies have demon-
strated that interference with the
ribosomal synthesis pathway in-
duces a p53 response, most likely
mediated by the inhibitory effect of
nonincorporated ribosomal pro-
teins on the ubiquitin ligase Hdm2
that targets p53 for degradation in
unstressed cells (4, 15). Previous
studies addressed either the block-
age of pol I transcription that abro-
gates the synthesis of both riboso-
mal subunits or the impaired rRNA
processing of the large subunit (2, 3,
18). We used p53 wild-type 2fTGH
cells that are derivatives of the
HT1080 human fibrosarcoma cell
line. Cells were treated with control
or Pes1-specific or hUTP18-specific
siRNAs on 2 consecutive days and
harvested for metabolic labeling of
nascent rRNA or Western blotting
48 h later. Depletion of Pes1 and
hUTP18 impaired 28 S and 18 S
rRNA production, respectively (Fig.
3A). Protein levels of Pes1 and
hUTP18 were also efficiently de-
creased (Fig. 3B). Importantly, p53
increased in Pes1 and hUTP18
knockdown cells. We conclude that
specific inhibition of 18 S rRNA
maturation is sufficient to mediate
accumulation of p53. To substanti-
ate our results further, we also
investigated concomitant cell cycle
changes.
We assessed the cell cycle distri-

bution by FACS analysis of theDNA
content (Fig. 3C) and quantified the
results of triplicate experiments
(Fig. 3D). Pes1- or hUTP18-de-
pleted cells had an increased G1
phase fraction at the expense of the
S and G2/M phase population (Fig.
3D). Loss of retinoblastoma (Rb)
phosphorylation is causally linked
to a p53-mediated cell cycle arrest.
Consistently, Pes1 and hUTP18

knockdown cells contained less phosphorylated Rb as deter-
mined by Western blot analysis of the samples used for cell
cycle analysis (Fig. 3C).
To confirm that knockdown of hUTP18 causes accumula-

tion of p53 in other cell lines with wild-type p53, we transfected
RKO colon cancer cells with control, Pes1, or hUTP18 siRNAs.

FIGURE 2. Role of hUTP18 in rRNA processing. A, Western blot analysis of untreated, control, Pes1, or hUTP18
siRNA-treated H1299 cells using antibodies directed against Pes1, hUTP18, or tubulin. B, metabolic labeling of
nascent rRNA in hUTP18-depleted cells visualized by autodiography. The ethidium bromide-stained gel is
shown as loading control. A longer exposure is shown at the bottom. C, scheme of mammalian rRNA-process-
ing pathways. Binding sites of Northern blot hybridization probes are depicted. D, Northern blot analysis of
rRNA species in hUTP18-or Pes1-depleted cells using three different probes that bind to the 5�-ETS, ITS-1, and
ITS-2 region of the rRNA. The ethidium bromide-stained gel is shown at the bottom as loading control.
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Indeed, we also observed an increase of endogenous p53 upon
loss of hUTP18 (Fig. 4A).Moreover, RKOcells exhibited a func-
tional p53 response, as the established target p21 was likewise
induced.
L11-dependent Stabilization of p53 after Knock Down of

hUTP18—Recently, it was shown that the small subunit ribo-
somal protein S7 functions as an inhibitor of Hdm2 and there-
fore might be involved in the accumulation of p53 in hUTP18-
depleted cells (11, 19). On the other hand, it was also reported
that the large subunit ribosomal protein L11mediates the accu-
mulation of p53 in cells with defective small subunit biogenesis
caused by ablation of the S6 ribosomal protein (20). This was
due to a specific recruitment of ribosomal protein mRNAs to
the polysomes in cells with abrogated small subunit produc-
tion. An increase of L11 translation accounted for inhibition of
Hdm2 and subsequent stabilization of p53. Therefore, we
examined the role L11 and S7 in the response to nucleolar stress
caused by loss of Pes1 and hUTP18. RKO cells were transfected
with combinations of siRNAs targeting Pes1 or hUTP18 and
L11 or S7 (Fig. 4,B–D).We found that loss of L11 prevented the

accumulation of p53 in Pes1- and
hUTP18-depleted cells. This result
is consistent with the studies in
S6-deficient cells. Apparently, L11
integrates the nucleolar stress
response of defective large and
small subunit biogenesis. Loss of S7
by itself appeared to induce p53 lev-
els slightly, most likely by a mecha-
nism similar to that of loss of S6
protein. Accumulation of p53 by
knockdown of Pes1 was not affected
by concomitant suppression of S7.
Interestingly, concomitant suppres-
sion of S7 and hUTP18 failed to
induce p53 synergistically. It rather
compromised accumulation of p53.
This result remains elusive as one
would expect an intact L11-depen-
dent mechanism of p53 stabiliza-
tion. Definitely, this observation
and the role of S7, which has been
described as regulator and substrate
of Mdm2 (20), requires further
investigation.

DISCUSSION

In this study, we focused on the
dissection of the two major mam-
malian rRNA processing pathways.
We found that selective inhibition
of either 18 S or 28 S rRNAmatura-

tion efficiently provoked accumulation of p53. Apparently,
mammalian cells have acquired mechanisms that indepen-
dently survey small and large ribosomal subunit production.
It is conceivable that the integral measurement of the total
ribosome number is an inappropriate readout to detect acute
disturbances of the ribosome synthesis pathway as the large
amounts of preexisting ribosomes by far outranges the num-
ber of newly synthesized ribosomes within a limited time
frame. Experimental evidence has substantially supported
this hypothesis. Ribosomal proteins of the large ribosomal
subunits L5, L11, and L23 were found to function as inhibi-
tors of Hdm2 when ribosome synthesis is blocked, e.g. by low
dose actinomycin D or 5-FU treatment. Impaired ribosome
maturation decreases the demand for ribosomal proteins
and favors their interaction with Hdm2. Inhibition of Hdm2
subsequently results in reduced degradation and thus accu-
mulation of p53. Thereby, cells are capable of responding
instantly to stresses affecting the ribosome synthesis
pathway.

FIGURE 3. Depletion of hUTP18 induces accumulation of p53. A, 2fTGH cells were treated with control, Pes1, or hUTP18 siRNAs, and a metabolic labeling of
nascent rRNA was subsequently performed. B, cells were treated as described in A, and total cell lysates were harvested for Western blot analysis. C, cells were
treated as described in A, and DNA content was determined by propidium iodide staining using flow cytometry (FL2-Area). Experiments were performed in
triplicate, and representative fluorescence-activated cell sorting blots are shown. The corresponding phosphorylation status was determined by Western blot
analysis for total Rb. Hypo- and hyperphosphorylated forms of Rb can be discriminated by size as indicated. D, quantification of cell cycle distributions was
derived from triplicate experiments shown in C. Error bar, S.D.

FIGURE 4. Knockdown of hUTP18, Pes1, L7, and L11 in colon cancer (RKO) cells. A, RKO cells were trans-
fected with Pes1, hUTP18, or control siRNAs. Protein levels were determined by Western blotting, and ubiqui-
tously expressed DDX6 served as a loading control. B, RKO cells were transfected with the indicated combina-
tions of siRNAs. Protein levels were determined by Western blotting. C and D, RKO cells were transfected with
combinations of siRNAs as in B. Knockdown of L11 and S7 was confirmed by quantitative reverse transcriptase
PCR. Relative expression levels of L11 and S7 are normalized to glyceraldehyde-3-phosphate dehydrogenase
expression.
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Our results would suggest that ribosomal proteins or synthe-
sis factors of the 40 S subunit also contribute to the nucleolar
stress-induced p53 response because depletion of hUTP18 and
selective inhibition of 18 S rRNA maturation caused accumu-
lation of p53. Indeed, the ribosomal protein S7, a component of
40 S subunit, was recently found to bind and inhibit Hdm2/
Mdm2 (11, 20). S7 is therefore a likely candidate to mediate a
feedback signal to the Hdm2-p53 circuit in cells with impaired
18 S rRNA processing.
Knock down of S7 or L11 compromised the stabilization of

p53 achieved by knock down of hUTP18, whereas knock down
of S7 did not affect stabilization of p53 after knock down of
Pes1. This result supports a previous report that inhibition of 18
S as well as 28 S rRNA maturation may merge in a common
L11-dependent signaling pathway for p53 stabilization (20).
It will be interesting to unravel whether other 40 S ribosomal

proteins or synthesis factors are also implicated in Hdm2 inhi-
bition. Most of the studies that aimed to identify Hdm2-inter-
acting factors were conducted in unstressed Hdm2-overex-
pressing cells or by yeast two-hybrid approaches (4, 5). In the
view of our results, applying selective rRNA-processing defects
would increase the likelihood of isolating ribosomal proteins or
potentially also rRNA-processing factors that block Hdm2
function.
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