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Context: We have recently shown that nuclear factor (NF)-�B ac-
tivity is constitutively elevated in anaplastic human thyroid carci-
nomas. The inhibition of NF-�B in the anaplastic thyroid carcinoma
cell line (FRO) leads to increased susceptibility to apoptosis induced
by chemotherapeutic drugs and to the block of oncogenic activity.

Objectives: To understand better the molecular mechanisms played
by NF-�B in thyroid oncogenesis, we performed a differential pro-
teomic analysis between FRO transfected with a superrepressor form
of inhibitor of �B� (I�B�M) and the parental counterpart (FRO Neo
cells).

Results: Differential proteomic analysis revealed that the retino-
blastoma-associated protein 48 (RbAp48) is down-regulated in the
absence of functional NF-�B. Immunohistochemical analysis of nor-

mal and pathological human thyroid specimens confirmed that
RbAp48 is strongly overexpressed in primary human carcinomas.
Reduction of RbAp48 expression using small interfering RNA deter-
mined the suppression of tumorigenicity, very likely due to the de-
crease of their growth rate rather than to an increased susceptibility
to apoptosis. In addition, we showed that NF-�B, at least in part,
transcriptionally controls RbAp 48. A functional NF-�B consensus
sequence was located within the promoter region of RbAp48 human
gene, and embryonic fibroblasts isolated from the p65 knockout
mouse (murine embryonic fibroblasts p65�/�) showed decreased ex-
pression of RbAp48.

Conclusion: Our results show that RbAp48 is a NF-�B-regulated
gene playing an important role in thyroid cancer cell autonomous
proliferation. (J Clin Endocrinol Metab 92: 1458–1466, 2007)

NUCLEAR FACTOR (NF)-�B is a family of transcription
factors regulating the expression of several genes con-

trolling apoptosis, inflammation, immune response, and can-
cer (1). NF-�B is usually present as a p65-p50 heterodimer in
a latent form in the cytoplasm, bound to the inhibitors of �
B (I�Bs) inhibitory proteins (2). A wide spectrum of extra-
cellular signals (proinflammatory cytokines, bacterial and
viral infections, oxidative stress, etc.) gives rise to a signaling
cascade converging on the I�B kinase (IKK) complex, re-
sponsible for phosphorylation of I�B proteins and their sub-
sequent degradation through a proteasome-dependent
pathway (3,4). Degradation of I�B liberates the p65-p50 het-
erodimer to enter the nucleus and activate transcription of
target genes. These targets are in four major categories: 1)
genes controlling inflammation and immunity, 2) antiapop-
totic genes, 3) genes that positively regulate cell proliferation,
and 4) genes that negatively regulate NF-�B (5).

Because the development of a malignant tumor requires

several changes in cellular metabolism, it is not surprising
that the NF-�B pathway, which influences different aspects
of cell physiology, may be involved in cell transformation.
Several studies show that the inhibition of constitutive NF-�B
activity blocks the oncogenic potential of neoplastic cells in
different ways: 1) sensitizing tumor cells to chemotherapeu-
tic drug-induced apoptosis, 2) decreasing the highly prolif-
erative rate that characterizes transformed cells, and 3) in-
hibiting tissue invasiveness and metastatic potential of
highly malignant cells (6). In addition, because it is now
generally accepted that chronic inflammation contributes to
the genesis of many solid tumors, such as gastric, colon, or
hepatic carcinomas, it has been recently shown that activa-
tion of NF-�B by the classical IKK�-dependent pathway is a
crucial mediator of inflammation-induced tumor growth and
progression in animal models of inflammation-associated
cancer (7, 8). The inhibition of NF-�B activity has been ef-
fective in blocking neoplastic transformation either in vitro or
in vivo experimental models, and, therefore, in recent years
several NF-�B pharmacological inhibitors have been devel-
oped to interfere with NF-�B activity in cancer (9, 10). These
inhibitors have been shown to have efficacy in blocking tu-
morigenicity in different types of cancer cells, but their use
as potential drugs is still away from clinical use because they
also block the physiological functions of NF-�B, such as the
control of inflammatory and immune responses. Therefore,
a great effort has been made to identify NF-�B-controlled
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genes that mediate some of the NF-�B functions, to block
selectively some but not all of the NF-�B activities.

RbAp48, a 48-kDa protein initially characterized for its
ability to bind to the retinoblastoma protein Rb (11), is a
member of several chromatin-remodeling complexes, such
as the nucleosome remodeling histone deacetylase (HDAC)
complex (12), the Sin3 complex, which contains HDACs (13),
and the CAF-1 complex, a chromatin assembly factor cou-
pled to DNA synthesis (14). It has been hypothesized that
RbAp48 connects the histones with the subunits of these
complexes (14) and that it is required for transcriptional
repression mediated by HDACs (15). In particular, it has
been shown that RbAp48 belongs to the HDAC complex
associated to Rb (16, 17) and that its Drosophila ortholog p55
is required for the repression of dE2F2/RBF-regulated genes
(18). Very little is known about the role of RbAp48 in cancer,
and no evidence is about the involvement of NF-�B in the
regulation of RbAp48 expression. Here, by using a differen-
tial proteomic approach, we detected a reduced expression
of RbAp48 in cells lacking functional NF-�B and investigated
its role in thyroid tumorigenesis.

Materials and Methods
Cell culture and biological reagents

FRO (19), FRO I�B�M (20), FRO RbAp48 small interfering RNA
(siRNA), HEK293, murine embryonic fibroblasts (MEFs), and MEFs
p65�/� (21) cell lines were grown in DMEM (Sigma, St. Louis, MO)
supplemented with 10% fetal bovine serum (Sigma). Anti-RbAp48 (PC-
546) and anti-actin (sc-8432) antibodies were purchased from Oncogene
Research Products (San Diego, CA) and Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA), respectively. Human TNF-� was from Peprotech
(Rocky Hill, NJ).

Preparation of nuclear extracts and 2-dimensional gel
electrophoresis (2-DE) analysis

Cell nuclear extracts were prepared as previously described (22, 23).
The 2-DE analysis was performed in triplicate on nuclear extracts from
three different batches of cell cultures. A total of 30–50 �g of nuclear cell
extracts were loaded onto 13 cm, pH 3–10, 4–7, or 6–11 L-IPG strips
(Amersham-Pharmacia Biosciences, Milan, Italy). Isoelectric focusing
was performed using an IPGPhor II system (Amersham-Pharmacia Bio-
sciences) according to the manufacturer’s instructions. Focused strips
were equilibrated with 6.0 m urea, 26 mm dithiothreitol, 4% (weight/vol)
sodium dodecyl sulfate (SDS), 30% (vol/vol) glycerol in 0.1 m Tris-HCl
(pH 6.8) for 15 min, followed by 6.0 m urea, 0.38 m iodoacetamide, 4%
(weight/vol) SDS, 30% (vol/vol) glycerol, and a dash of bromophenol
blue in 0.1 m Tris-HCl (pH 6.8), for 10 min. The equilibrated strips were
applied directly to SDS-10% (weight/vol) polyacrylamide gels and sep-
arated at 130 V. Gels were fixed and stained by ammoniacal silver (24).
Gels were scanned with an Image Master 2-D apparatus and analyzed
by the Melanie 5 software (Amersham-Pharmacia Biosciences) that al-
lowed estimating relative differences in spot intensities for each repre-
sented protein. Statistical analysis of differentially expressed proteins
was performed as previously described (25) on about 200 different
matched spots in the different pH ranges from each sample.

Mass spectrometry analysis

Spots from 2-DE were excised from the gel, triturated, and washed
with water. Proteins were in-gel reduced, S-alkylated, and digested with
trypsin as previously reported (25). Digest aliquots were removed and
subjected to a desalting/concentration step on �ZipTipC18 (Millipore,
Bedford, MA) using acetonitrile as eluent before matrix-assisted laser
desorption ionization-time of flight-mass spectrometry (MALDI-TOF-
MS) analysis. Peptide mixtures were loaded on the MALDI target, using
the dried droplet technique and �-cyano-4-hydroxycinnamic acid as

matrix, and analyzed using Voyager-DE PRO mass spectrometer (Ap-
plied Biosystems, Framingham, MA). Internal mass calibration was per-
formed with peptides deriving from trypsin autoproteolysis. The
PROWL software package was used to identify spots unambiguously
(estimated Z score more than two) from independent nonredundant
sequence databases (26). Candidates from peptide matching analysis
were further evaluated by the comparison with their calculated mass
and pI using the experimental values obtained from 2-DE.

Immunohistochemical analysis

Specimens from normal and pathological human thyroid were iso-
lated, rinsed with PBS, fixed in 4% buffered neutral formalin, and em-
bedded in paraffin. Then, 5–6-�m thick paraffin sections were depar-
affinized and placed in a solution of absolute methanol and 0.3%
hydrogen peroxide for 30 min, then washed in PBS before immunoper-
oxidase staining. Slides were then incubated in a humidified chamber
with antibody anti-RbAp48 diluted 1:100 in PBS, overnight at 4 C and
subsequently incubated, first with biotinylated goat antirabbit IgG for
20 min (VECTASTAIN ABC Systems; Vector Laboratories, Burlingame,
CA), and then with premixed reagent ABC (Vector Laboratories) for 20
min. The immunostaining was performed with rabbit polyclonal anti-
RbAp48 antibody by incubating slides in diaminobenzidine (DakoCy-
tomation, Fort Collins, CO) solution containing 0.06 mm diaminoben-
zidine and 2 mm hydrogen peroxide in 0.05% PBS pH 7.6 for 5 min, and
after chromogen development, slides were washed, dehydrated with
alcohol and xylene, and mounted with coverslips using a permanent
mounting medium (Permount; Biomeda, Burlingame, CA). Two inves-
tigators independently scored the slides. Informed consent was obtained
from the patients, and the institutional review board committee ap-
proved the study.

siRNA of RbAp48

To knock-down RbAp48 expression, we designed double-stranded
oligonucleotides containing sequences derived from the human RbAp48
ORF (nucleotides 849–867 and 1197–1215) in forward and reverse ori-
entation separated by a 7-bp spacer region (caagaga) to allow the for-
mation of the hairpin structure in the expressed siRNAs. RbAp48
siRNA 849: sense strand, 5� – aattcGGATACTCGTTCAAACAATcaa-
gagaATTGTTTGAACGAGTATCCtttttc; antisense strand, 5� – tcgagaaaaaG-
GATACTCGTTCAAACAATtctcttgATTGTTTGAACGAGTATCCg.RbAp48
siRNA 1197: sense strand, 5� – aattcTGGTCATACTGCCAAGATAcaa-
gagaTATCTTGGCAGTATGACCAtttttc; antisense strand, 5� – tcgagaaaaaT-
GGTCATACTGCCAAGATAtctcttgTATCTTGGCAGTATGACCAg. (Lower-
case letters at the 5� and 3� ends of the oligos indicate restriction sites. Lowercase
letters in the middle of the sequence indicate the hairpin sequence.) The re-
sulting double-stranded oligonucleotides were cloned into the pcRNAi vector
that we derived from the pcDNA3.1 vector (Invitrogen, Carlsbad, CA) by
replacing the viral promoter-cassette with the H1 promoter that is specifically
recognized by RNA polymerase III (27).

Northern and Western blots

For Northern blot, 20 �g of total RNA from parental and transfected
FRO cell lines as well as from MEFs and MEFs p65�/� were analyzed
by electrophoresis on a 1.2% formaldehyde agarose gel and blotted onto
nitrocellulose membrane (Bio-Rad, Hercules, CA), as described (28). For
Western blot, 50 �g of total proteins from cell lysates were analyzed by
10% SDS-PAGE and blotted onto polyvinylidene difluoride sheets (Mil-
lipore). Filters were blocked for 1 h at room temperature with 10% nonfat
dry milk in Tris-buffered saline with Tween 20 buffer and incubated
with 1:2000 dilution of anti-RbAp48 or anti-actin antibodies, overnight
at 4 C.

In vitro tumorigenicity assays

To analyze the ability of the various FRO clones to form colonies in
soft agar, 1 � 104 cells were seeded in 60-mm dishes onto 0.3% Noble
Agar (Difco, Detroit, MI) on top of a 0.6% bottom layer. Colonies larger
than 50 cells were scored after 2 wk incubation at 37 C (29).

Pacifico et al. • RbAp48 in Thyroid Cancer J Clin Endocrinol Metab, April 2007, 92(4):1458–1466 1459

 by Samuel Refetoff on April 11, 2007 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


Cytotoxic treatments and measurements of apoptosis

There were 2.5 � 105 cells/well seeded in six-well culture plates and
incubated for 24 and 48 h at 37 C with different concentrations of
cisplatin or doxorubicin. Cell death was assessed by measuring caspase
activity by the CaspACE FITC-VAD-FMK In Situ Marker (Promega,
Madison, WI), a fluoroisothiocyanate conjugate of the cell permeable
inhibitor VAD-FMK, according to the manufacturer’s instructions. Sam-
ples were analyzed by flow cytometry using a CyAn ADP (DakoCyto-
mation), equipped with Summit V4.2 Software. Results were mean � sd
of at least three separate experiments.

[3H]-thymidine DNA incorporation

There were 5 � 104 cells/well seeded in 12-well culture plates and
incubated for 4 h at 37 C with 0.5 �Ci/well of [3H]-thymidine (Amer-
sham-Pharmacia Biosciences). After three washings with cold PBS, cells
were incubated for 10 min at 4 C with 0.5 ml of 20% trichloroacetic acid.
The trichloroacetic acid was then removed, and cells were lysed with
gentle shaking for 30 min at 37 C in the presence of 1 N NaOH (0.5
ml/well). An aliquot of lysates (0.1 ml) was used to evaluate the protein
content by colorimetric assay (Bio-Rad), while the remnant was analyzed
at the �-counter (Beckman Coulter, Inc., Fullerton, CA) after adding an
equal volume (0.4 ml) of HCl 1 n to neutralize the samples. Results were
the mean � sd of two separate experiments. Results were normalized
on total protein content.

Analysis of the NF-�B consensus sequence in the RbAp48
promoter region

A 2.0-kb NheI-XhoI genomic fragment PCR-amplified, containing the
5�-flanking region of the human RbAp48 gene, was subcloned between
the corresponding restriction sites of the luciferase expression vector
pGL3 Basic (Promega). The Quickchange Site-Directed Mutagenesis Kit
(Stratagene, La Jolla, CA) used the resulting plasmid, p2.0RbAp48 WT,
as a template for PCR generation of the mutant p2.0RbAp48 Mut plas-
mid. The p2.0RbAp48 Mut plasmid contained three point mutations in
the �B-site located in the promoter region of RbAp48 gene (see Fig. 2B).
The activity of the three plasmids was evaluated in HEK293 cells, stim-
ulated with human TNF� (2000 U/ml) for 3 h, or left untreated. Cell
extracts were prepared, and reporter gene activity was determined via
the luciferase assay system (Promega). Expression of the �-gal vector (0.2
�g) was used to normalize transfection efficiencies.

Statistics

Data were analyzed using ANOVA test analysis. Data are presented
as the means � sd. P values � 0.05 were considered significant.

Results
Differences in proteome profile between FRO Neo and FRO
I�B�M cell lines

To identify molecular processes associated with the loss
of NF-�B transcriptional activity, we have chosen an un-
biased strategy by studying the differences in the nuclear
proteome profile between the anaplastic thyroid cell line
FRO Neo and a cell line stably transfected with a super-
repressor form of I�B� (FRO I�B�M) (20). A differential
proteomic approach based on 2-DE gel quantitative anal-
ysis coupled to MALDI-TOF-MS identification of the up-
regulated/down-regulated proteins has been used. In ad-
dition to proteins up-regulated/down-regulated, this
approach allows detection also of qualitative difference
between the two samples. To maximize possible differ-
ences at the proteome level, nuclear samples have been
analyzed in three different pH ranges (i.e. pH 3–10, 4 –7,
and 6 –11) (data not shown). Silver staining of 2-DE has
allowed for the visualization, and simultaneous quanti-

tative and qualitative evaluation of about 200 –250 protein
spots in each gel. For each pH gradient, a different number
of matching spots have been obtained, and a total of 19
proteins showed statistically significant quantitative or
qualitative differences, when comparing proteomic maps
of nuclear samples of the two different cell lines (data not
shown). MALDI-TOF peptide mass fingerprint analysis
successfully identified six spots (see supplemental Table 1,
published as supplemental data on The Endocrine Soci-
ety’s Journals Online web site at http://jcem.endo
journals.org).

Of proteins whose expression was down-regulated in FRO
I�B�M cells, RbAp48 showed a marked decrease (Fig. 1A).
We confirmed this result using both Northern and Western
blot. RbAp48 expression was decreased in FRO I�B�M clones
compared with FRO Neo cells (Fig. 1, B and C).

RbAp48 is a gene under NF-�B transcriptional control

To address deeply the role of NF-�B in controlling tran-
scription of RbAp48, we analyzed its expression in mouse
embryonic fibroblasts derived from the p65 knockout mouse
(MEFs p65�/�). Both Northern and Western blot assays ev-
idenced a decreased expression of RbAp48 in MEFs p65�/�
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FIG. 1. Analysis of RbAp48 expression in FRO Neo and FRO I�B�M
cell lines. The differential proteomic approach, based on 2-DE gel
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vealed that RbAp48 expression was down-regulated in FRO I�B�M
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I�B�M cell lines. The expression of RbAp48 mRNA was normalized
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compared with wild-type MEFs (Fig. 2A). To investigate
whether NF-�B was directly controlling RbAp48 expression,
we isolated the RbAp48 gene promoter and analyzed the
presence of canonical �B sites. The analysis performed by the
MatInspector V2.2-TRANSFAC 4.0 database (Genomatix
Software, Munich, Germany) revealed the presence of a po-
tential NF-�B consensus sequence at about 1500 bp upstream
the hypothetical transcription start site. Thus, a 2000 bp DNA
fragment of RbAp48 human gene, containing the theoretical
�B-site, transcription start site, and ATG translation start site,
was cloned upstream to a promoterless luciferase reporter
gene. In addition, we constructed two additional vectors, one
in which the canonical �B site was mutated, and one lacking
the �B site (Fig. 2B). The resulting plasmids were transfected
in HEK293 cells,andboththebasalandinducedluciferaseactivity
were measured. We did not detect any statistically significant
difference in the basal activity of the three promoters (Fig. 2C).
Instead, after treatment with TNF-�, a potent inducer of NF-�B,
deletion of the �B site or its point mutation reduced the activity of
the reporter plasmid by at least 50%. These data suggest that

NF-�B is, at least in part, controlling the induced expression of
RbAp48.

RbAp48 expression in human thyroid carcinomas

Because we previously found that primary human thy-
roid anaplastic carcinomas show highly constitutive
NF-�B activity (20), we tested whether the RbAp48 ex-
pression paralleled the levels of NF-�B in human primary
thyroid cancer. Human specimens from normal thyroid,
papillary, follicular, and anaplastic thyroid carcinomas
were collected and stained with anti-RbAp48 polyclonal
antibodies (Fig. 3). The results of these experiments are
summarized in Table 1. Low staining for RbAp48 was
detected in normal thyroid follicular cells, while all tumor
specimens showed a strong RbAp48 expression. In par-
ticular, RbAp48 staining increased with the malignant
phenotype of thyroid carcinomas, reaching the highest
levels of expression in anaplastic thyroid carcinomas (Ta-
ble 1), in parallel to NF-�B activity (20). These results show
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that RbAp48 is overexpressed in human thyroid tumors,
supporting a role for this protein in thyroid cancer.

Role of RbAp48 in thyroid carcinomas

To analyze the role of RbAp48 in thyroid cancer, we de-
creased its expression in FRO cells by stable transfection of
a siRNA plasmid designed for RbAp48 silencing. FRO
RbAp48 siRNA clones were isolated after antibiotic selection
and analyzed for the expression level of RbAp48. As shown
in Fig. 4, both Northern (Fig. 4A) and Western (Fig. 4B)
analysis revealed the silencing of RbAp48 expression in at
least three of the various clones analyzed (indicated as 849
� 4, �21, and �29, respectively). Indeed, FRO cells trans-
fected either with the empty vector (FRO Neo cells) or a
control siRNA (indicated as 1197-3) still expressed RbAp48
mRNA and protein (Fig. 4).

Next, we investigated the tumorigenic potential of three
clones (849 � 4, �21, and �29) by analyzing their ability to
form colonies in soft agar. Although FRO Neo and the control
clone 1197-3 were able to grow in agar, contributing to large
and numerous foci of transformation (Fig. 5, top), 849 siRNA
clones did not form any colony (Fig. 5, bottom).

To gain more insight into the mechanisms by which
RbAp48 plays its role in thyroid carcinomas, we analyzed the
susceptibility of parental FRO cells and 849 siRNA clones to

chemotherapeutic drug-induced apoptosis, and their prolif-
erative rate. Treatment of cells with increasing amounts of
cisplatin (Fig. 6A) and doxorubicin (Fig. 6B) induced cell
death at a similar extent in FRO cells and 849 siRNA clones,
indicating that the sensitivity to drug-induced apoptosis did
not change after inhibition of RbAp48 expression. Therefore,
we investigated the autonomous proliferative rate of paren-
tal and transfected FRO cells by [3H]-thymidine DNA incor-
poration in absence of serum. As shown in Fig. 7, 849 siRNA
clones incorporated less [3H]-thymidine (�50%) in their
DNA than FRO Neo and 1197-3 cells, indicating that they
grew more slowly than the parental FRO cells. Similar results
were obtained by performing the experiment in the presence
of serum (data not shown).

These results show that the decreased expression of
RbAp48 by siRNA leads to the inhibition of the autonomous
cell growth potential, suggesting that RbAp48 could influ-
ence the function of genes involved in the control of the cell
cycle rather than apoptosis.

Discussion

One of the most exciting challenges in the study of NF-
�B-mediated oncogenesis is the identification of NF-�B tar-
get genes mediating some of the NF-�B functions, specifi-
cally expressed (or overexpressed) in neoplastic cells. The

TABLE 1. Immunohistochemical analysis of RbAp48 expression in normal and pathological human thyroid tissues

Histological type of thyroid samples
No. of total

cases analyzed by
immunohistochemistry

No. of positive
cases/no. of total

cases analyzed by
immunohistochemistry

RbAp48
staining

score

Normal thyroid 2 2/2 1�
Papillary carcinoma 5 5/5 2�
Follicular carcinoma 3 3/3 3�
Anaplastic carcinoma 3 3/3 4�

Human specimens from normal thyroid, papillary, follicular, and anaplastic thyroid carcinomas were collected and stained with anti-RbAp48
polyclonal antibodies. The percentage of malignant cells stained was scored from 0–4: 0, negative cells; 1�, �10% of positive cells; 2�, 11–50%
of positive cells; 3�, 51–75% of positive cells; and 4�, 76–100% of positive cells.

A B

C D

FIG. 3. Immunohistochemical analysis of
RbAp48 expression in normal and pathological
human thyroid tissues. Localization of RbAp48 in
situ was determined by immunohistochemistry in
sections from normal thyroid tissue (A), papillary
thyroid carcinoma (B), follicular thyroid carci-
noma (C), and anaplastic thyroid carcinoma (D).
Magnification, �400.
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reason for such an interest is the possibility to interfere spe-
cifically with specific NF-�B effectors in transformed cells,
without affecting other physiological cell functions regulated
by NF-�B. We have developed a NF-�B null thyroid ana-
plastic cell line, by stably transfecting a superrepressor form
of I�B� in the human anaplastic thyroid cell line FRO (FRO
I�B�M) (20). We used this clone and its untransfected coun-
terpart in a differential proteomic approach to identify gene
products differentially expressed in the absence of functional
NF-�B. RbAp48 was one of the proteins whose expression
was down-regulated in the absence of functional NF-�B. The
observed reduction was not due to a decreased stability of the
protein, given that also the RbAp48 mRNA was decreased in
FRO I�B�M clones, suggesting a direct control of NF-�B on
RbAp48 expression. Two additional experimental evidences

supported a role for NF-�B in the transcriptional control of
RbAp48: 1) MEF isolated from the p65�/� mouse showed
decreased levels of RbAp48 both mRNA and protein, and 2)
the presence of a �B site in the promoter region of RbAp48.
This �B site was functional, given that its deletion or muta-
tion decreased the activity of the reporter plasmid induced
by the NF-�B activator TNF-� by almost 50%. This also
suggests that in addition to NF-�B, other transcription factors
are controlling RbAp48 expression.

We also showed that RbAp48 expression was elevated
in primary human thyroid carcinomas and correlated with
the malignant phenotype. In particular, specimens as well
as cell lines derived from anaplastic thyroid carcinomas
showed the highest levels of RbAp48 expression (Table 1
and Fig. 3; data not shown). The pattern of RbAp48 ex-
pression in thyroid tumors parallels the levels of consti-
tutive NF-�B activation we found in the same type of
carcinomas (20), further supporting the idea that RbAp48
could be a NF-�B target gene.

Very little is known about the role of RbAp48 in cancer.
Its expression has been found elevated in different human
tumors, such as lung (30) and liver (31) cancer, acute
myelocytic leukemia, and acute lymphoblastic leukemia
(32). However, the mechanisms by which RbAp48 gene
product could regulate tumor growth are largely un-
known. We presented evidence that RbAp48 plays a role
in thyroid cancer. Decreasing the expression of RbAp48 in
FRO cells using siRNA abolished the ability of FRO cells
to form colonies in soft agar. This effect was very likely due
to a decrease of cell growth rate, which is one of the
functions controlled by NF-�B during tumorigenesis (6). It
is known that alteration of growth control is one of the
features that, together with the dysregulation of other cell
functions (apoptosis, angiogenesis, tissue invasion, etc.),
could predispose to the genesis of cancer (33). The in-
volvement of RbAp48 in cell growth control is not sur-
prising because it has been shown that the double knock-
down of RbAp48 and its homolog RbAp46, by RNA
interference, leads HeLa cells to stop their growth, while
the single ablation of either protein determines a slack-
ening of cell proliferation (34). This is in accordance with
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FIG. 4. Inhibition of RbAp48 expression by siRNA. The expression of
RbAp48 in FRO cells stably transfected with siRNA plasmid (849) or
control siRNA plasmid (1197) determined by Northern (A) and West-
ern (B) blot. The RbAp48 mRNA expression levels were normalized
on total RNA content, those of the RbAp48 protein on actin expression.
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FIG. 5. In vitro oncogenic activity of FRO Neo cells
and FRO siRNA clones. There were 1 � 104 cells
seeded in 60-mm dishes onto 0.3% Noble Agar (Difco)
on top of a 0.6% bottom layer. Colonies larger than 50
cells were scored after 2-wk incubation at 37 C. FRO
Neo cells � 	50 colonies/plate; 1197-3 cells � 	40
colonies/plate; 849 � 4, �21, and �29 cells � 0 col-
onies/plate. Magnification, �200.
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FIG. 6. Cytotoxic effects of chemotherapeutic drugs on FRO Neo cells and FRO siRNA clones. There were 2.5 � 105 cells/well seeded in six-well culture
plates and incubated for 24 and 48 h at 37 C with different concentrations of cisplatin (A) or doxorubicin (B). Measuring caspase activity by the CaspACE
FITC-VAD-FMK In Situ Marker (Promega) according to the manufacturer’s instructions, assessed cell death. Samples were analyzed by flow cytometry
using a CyAn ADP (DakoCytomation), equipped with Summit V4.2 Software. Results were mean � SD of at least three separate experiments.
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our data showing a decrease, but not a total block of
growth rate, very likely because we knocked down only
RbAp48, while RbAp46 was still able to overcome partially
the functions of RbAp48.

Recently, numerous studies showed the use of HDAC
inhibitors for the treatment of different thyroid cancer cell
lines (35, 36). These molecules, including suberoylanilide
hydroxamic acid, valproic acid, and others, potently sup-
press proliferation and induce apoptosis. RbAp48 has been
characterized as a component of distinct nucleosome-mod-
ifying complexes, including HDAC, so it is tempting to spec-
ulate that the effect we observed on cell proliferation was
dependent on the inhibition of HDAC activity in absence of
RbAp48. However, we did not detect variation in HDAC
activity in knock-down clones compared with the wild-type
counterpart, nor difference in drug-induced apoptosis, sug-
gesting that the observed effect on cell proliferation was not
dependent on HDAC activity (Fig. 5; data not shown). Pres-
ently, we cannot exclude the possibility that the interference
with cell proliferation is not the only mechanism by which
RbAp48 contributes to thyroid tumorigenesis.

In summary, we identified RbAp48 as a NF-�B effector
involved in thyroid cancer and showed that interfering with
its expression decreases the autonomous growth of anaplas-
tic thyroid carcinoma cells. Even so, further analysis is nec-
essary to define better the molecular mechanisms by which
RbAp48 acts in thyroid oncogenesis and whether it could
represent a novel target for therapeutic intervention in NF-
�B-dependent thyroid carcinomas.
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