
Short Communication
Preferential Expression of RB1-Inducible Coiled-Coil
1 in Terminal Differentiated Musculoskeletal Cells

Tokuhiro Chano,*† Yukikazu Saeki,†

Massimo Serra,‡ Keiji Matsumoto,§ and
Hidetoshi Okabe*
From the Departments of Clinical Laboratory Medicine,* Basic

Science for Health and Nursing,† and Orthopaedic Surgery,§

Shiga University of Medical Science, Shiga, Japan; and the

Laboratory of Oncologic Reseach,‡ Rizzoli Orthopaedic Institute,

Bologna, Italy

RB1-inducible coiled-coil 1 (RB1CC1) is a nuclear
DNA-binding protein that can induce RB1 (retinoblas-
toma 1) expression. RB1CC1 is abundantly expressed
in human musculoskeletal and cultured osteosarcoma
cells. The present study analyzed the expression of
RB1CC1 and RB1 in osteosarcoma cells and in mus-
culoskeletal cells of human embryos to evaluate the
contribution of both genes to the maturational pro-
cess of musculoskeletal cells. The amount of RB1CC1
message was closely related to RB1 expression in
various osteosarcoma cell lines. RB1CC1 expression
was difficult to detect in immature proliferating chon-
droblasts or myogenic cells in human embryos, but
became obvious and prominent concomitantly with
the maturation of osteocytes, chondrocytes, and skel-
etal muscle cells. RB1CC1 expression in these muscu-
loskeletal cells increased with RB1 expression, which
is linked to the terminal differentiation of many tis-
sues and cells. In addition, the introduction of wild-
type RB1CC1 decreased the formation of macroscopic
colonies in the cell growth assay. Accordingly, both
RB1CC1 and RB1 genes preferentially co-expressed
and contributed to the maturation of human embry-
onic musculoskeletal cells, and may regulate the pro-
liferative activity and maturation of tumor cells de-
rived from these tissues. (Am J Pathol 2002,
161:359–364)

We identified RB1CC1 (RB1-inducible coiled-coil 1) as a
novel nuclear DNA-binding protein that can induce RB1
(retinoblastoma 1) expression.1 Our previous study1 also
demonstrated abundant RB1CC1 expression in skeletal
muscle tissues and in one human osteosarcoma cell line,

U-2 OS. Thus, the RB1CC1 gene product is expected to
play significant roles on human musculoskeletal cells;
however, the expressional status of RB1CC1 has not
been precisely evaluated in human musculoskeletal tis-
sue yet.

We examined two osteosarcoma cell lines in a prelim-
inary study. U-2 OS with intact RB1 protein expressed
high levels of RB1CC1, whereas Saos-2 without intact
RB1 did not. RB1 is best known for its function in the
control of cell cycle progression.2,3 Mutations of this gene
alter biological behaviors and are related to a poor prog-
nosis in patients with musculoskeletal sarcomas.4–6

Products of the RB1 gene family are linked to the terminal
differentiation of many tissues.7 Therefore, the status of
RB1CC1 and RB1 expression in human musculoskeletal
cells should be examined from the viewpoint of a corre-
lation between differentiation and proliferation.

To evaluate the correlation between RB1CC1 and RB1
during the maturation of human musculoskeletal cells, we
compared the expression of these two genes in human
embryonic tissues and various human osteosarcoma cell
lines.

Materials and Methods

Cell Culture

Ten human osteosarcoma cell lines listed below were
maintained at 37°C under a humidified 5% CO2 atmo-
sphere in Iscove’s modified Dulbecco’s medium supple-
mented with penicillin (100 U/ml), streptomycin (100 mg/
ml; Gibco BRL, Paisley, Scotland), and 10% heat-
inactivated fetal calf serum (Biological Industries, Kibbutz
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Beth Hemak, Israel). The medium was exchanged every
3 to 4 days. Saos-2, U-2 OS, and HOS cell lines were
purchased from the American Type Culture Collection,
Rockville, MD. SARG and IOR/OS9 cell lines have been
characterized.8,9 IOR/OS10, 14, 15, 18, and MOS cell
lines were obtained from surgical specimens of high-
grade human osteosarcomas at the Istituto Ortopedici
Rizzoli, Bologna, Italy.10

Isolation of cDNA Fragments

Total RNA was extracted from osteosarcoma cell lines
using Trizol reagent (Gibco). Complementary DNA was
synthesized from U-2 OS total RNA using SuperScript II
reverse transcriptase and Oligo d(T)12–18 primer (Gibco).
Human RB1CC1 and RB1 primers were designed
based on the cDNA sequences (RB1CC1, GenBank
accession no. AB059622; RB1, GenBank accession
no. NM�000321). The primer sequences for RB1CC1
were CC1-S, 5�-CTA GAA CAA CTT GAA GAG CA-3� and
CC1-A, 5�-CGA GCT CGA TCT TCA GAA AG-3� (224-bp
amplified region). Those of RB1 were RB1-S, 5�-ACC
AGA TCA TGT CAG AGA GA-3� and RB1-AS, 5�-ACT
GCT GGG TTG TGT CAA AT-3� (340-bp amplified re-
gion). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) primer pairs were obtained from Clontech, Palo
Alto, CA (983-bp product). The reverse-transcribed prod-
ucts were amplified by polymerase chain reaction (PCR)
using the appropriate set of primers. The PCR cycling
conditions were 95°C for 20 seconds, 55°C for 20 sec-
onds, and 72°C for 30 seconds using GeneAmp PCR
System 9600 (Perkin Elmer, Norwalk, CT). Amplified
products were identified by 2% agarose gel electro-
phoresis after staining with ethidium bromide. The re-
verse transcriptase-PCR fragments were cloned using
the Original TOPO-TA Cloning Kit (Invitrogen, Groningen,
The Netherlands), and sequenced using BigDye Termi-
nator Cycle Sequencing FS Ready Reaction Kits and an
ABI PRISM 310 genetic analyzer (Applied Biosystems,
Foster City, CA), according to the manufacturers’ proto-
cols. To confirm the specificity of isolated cDNA frag-
ments, their nucleotide sequences were searched in
public databases using the BLAST program.

Northern Blots

We assessed RB1CC1 and RB1 expression in various hu-
man osteosarcoma cell lines by Northern blotting. Equal
amounts of total RNAs (20 �g) were resolved by electro-
phoresis on 1% agarose gels containing 20 mmol/L 3-mor-
pholino propanesulfonic acid (MOPS) buffer, 5 mmol/L
sodium acetate, 1 mmol/L ethylenediaminetetraacetic
acid, and 6% formaldehyde then transferred to nylon
membranes (Roche, Mannheim, Indianapolis, IN) in 10�
standard saline citrate. Blots were cross-linked with ultra-
violet light. To analyze RNAs, cloned fragments corre-
sponding to both genes were digested with the appro-
priate restriction enzymes, excised from the gels, labeled
with [�-32P] dCTP (3000 Ci/mmol; Amersham, Piscat-
away, NJ) by random priming, then hybridized with the

membranes at 42°C overnight in 50% formamide contain-
ing 1% sodium dodecyl sulfate, 1 mol/L NaCl, 200 mg/ml
sonicated herring sperm DNA, and 10% dextran sulfate.
After hybridization, the blots were washed twice at 42°C
in 2� standard saline citrate containing 1% sodium do-
decyl sulfate, and once with 0.2� standard saline citrate
containing 1% sodium dodecyl sulfate for 5 minutes at
65°C. Autoradiography was finally performed using a
Kodak BioMax and intensifying screens (Kodak, New
Haven, CT). GAPDH hybridization was used as a refer-
ence to confirm the amounts of mRNA in each lane.

Human Embryonic Materials

Five normal embryos were originally obtained from
women who had spontaneously aborted at an estimated
4 to 8 weeks after ovulation according to Carnegie’s
criteria.11 These embryos were suitable to evaluate the
development of human musculoskeletal cells but not for
hemopoietic islets in the bone marrow because it is not
significant until the fourth to the fifth month.11–13 The
embryos were selected from the surgical pathology file at
our university hospital and all of them were fixed in 10%
buffered formalin and embedded in paraffin. Serially sliced
4-�m sections were deparaffinized before use. All exper-
iments using these embryos proceeded with respect to
human rights under the regulations of Japanese Legal
Controls and the Ethics Committee of our institution.

Detection of RB1CC1 mRNA

RB1CC1 message was detected by in situ hybridization
using an RB1CC1-specific cRNA probe. RB1CC1 cDNA
fragment cloned into pCR II-TOPO vector (Invitrogen)
was linearized, then run-off incorporation of digoxigenin-
labeled UTP was performed using a T7/Sp6 RNA labeling
kit (Roche). Embryonic tissue sections were digested
with pepsin (2.5 mg/ml in 0.1 N HCl) at 37°C for 30
minutes, and dehydrated in absolute ethanol. The sec-
tions were hybridized overnight with 1 �g/ml of digoxige-
nin-labeled RB1CC1-specific cRNA probe in hybridiza-
tion solution at 37°C, then washed three times in 1�
Tris-buffered saline containing 0.05% Tween 20. All re-
agents used until this step were supplied by Kreatech
(Amsterdam, Netherlands) and the protocol was followed
according to the supplier’s recommendations. Subse-
quently, the sections were incubated with 0.2 �g/ml of
anti-digoxigenin mouse IgG1 (Roche) for 60 minutes,
followed by biotin-labeled secondary antibody. Finally,
sections were exposed to peroxidase conjugated with
streptavidin using DAKO Universal Quick Stain kit (DAKO
Japan, Kyoto, Japan). Peroxidase activity was detected
using the chromogen diaminobenzidine and the sections
were counterstained with methyl green. The positive con-
trol was an RNA-positive control poly-A oligo-probe
(Kreatech), and negative controls used an RB1CC1-spe-
cific sense RNA probe.
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Immunohistochemical Detection of RB1CC1
and RB1

RB1CC1 and RB1 expression in the musculoskeletal tis-
sues of human embryos was detected using a three-step
streptavidin-biotin immunoperoxidase stain and anti-hu-
man RB1CC1 rabbit polyclonal antibody (anti-RBICC-
6421) or anti-RB1 mouse monoclonal antibody (G3-245;
PharMingen, San Diego, CA), respectively, as the pri-
mary antibodies. Before staining, deparaffinized embry-
onic tissue sections were exposed to 0.3% H2O2, auto-
claved at 120°C for 1 minute to unmask antigen, and
rinsed with 1� Tris-buffered saline. The sections were
then incubated with the primary antibody at 4°C over-
night, and stained using streptavidin-biotin-peroxidase
complex. Primary antibody was replaced with normal
rabbit or mouse antisera for negative controls.

Cell Growth Assay

The colony formation assay using the EBC-1 cell line,
which expresses low levels of endogenous RB1CC1 and
RB1, was performed. The cells were grown to �70%
confluence in 60-mm dishes, and transfected with pCR-
RBICC (2 �g), RB1CC1 expression vector;1 or pCR3.1
control vector (2 �g, Invitrogen) by Lipofectamine Plus re-
agent (Gibco). G418 (800 �g/ml) was added to the culture
medium 48 hours after transfection. The cells were incu-
bated for 14 days, fixed with 10% acetate/10% methanol for
15 minutes, and stained with 0.4% crystal violet in 20%
ethanol for 15 minutes to visualize the colonies.

Results

Synchronized Expression of Both RB1CC1 and
RB1 in Various Human Osteosarcoma Cell
Lines

Northern blotting revealed that RB1CC1 and RB1 were
co-expressed in 7 of 10 human osteosarcoma cell lines.
The expression levels of these two genes also correlated
in these seven lines. Neither RB1CC1 nor RB1 was sig-
nificantly expressed in the remaining three cell lines,
IOR/OS14, 15, and Saos-2 (Figure 1), in which the RB1
gene was abnormal.

Synchronized Expression of Both RB1CC1 and
RB1 in the Developmental Musculoskeletal Cells
of Human Embryos

Various developmental stages of musculoskeletal cells
were evident in the embryonic tissues estimated as 4 to 8
weeks old after ovulation. These included proliferating
chondrocytes, hyperplastic chondrocytes, osteoblasts,
and immature and mature myogenic cells. RB1CC1 ex-
pression was histologically detected in cells of the devel-
oping long bones and in the surrounding connective
tissues such as skeletal muscles in all five human em-

bryos (Figures 2 and 3). However, the degree of RB1CC1
expression varied considerably in cell nuclei of these
tissue elements. In the cartilaginous tissue, expression
was prominent in hypertrophic chondrocytes at sites of
enchondral ossification (Figure 3A2), but poor in small,
immature chondrocytes near the joint surface and in ac-
tively proliferating chondrocytes (Figure 3A1). Osteo-
blasts in and around the bone matrix expressed RB1CC1
prominently regardless of their location (Figure 3, A3 and
A4), but poorly in immature cells without active matrix
formation such as preosteoblasts in the periosteum (Fig-
ure 3A4). In 4- to 8-week-old postovulatory embryos,
hemopoietic centers were located in the liver and spleen,
and hemopoietic progenitor cells were barely detected in
their developing bone marrow spaces.11–13 Accordingly,
there was no practical problem in the distinction between
osteoblasts and other progenitor cells in the bone marrow
of such embryos. Within the skeletal muscle lineage,
RB1CC1 expression was quite weak in single nucleated
myogenic precursor cells, but significantly increased with
formation of the myotubes and mature skeletal muscle
fibers. Myoblasts fusing to the myotube also emitted in-
tense signals (Figure 3A5). In other mesenchymal com-
ponents, RB1CC1 expression was not significant. In situ
hybridization detected abundant RB1CC1 messages in
osteoblasts forming bone matrix, hypertrophic chondro-
cytes, and in mature skeletal muscle cells (Figure 2; C to
E), but very low levels in proliferating chondrocytes (Fig-
ure 2B). The amount and localization of the RB1CC1
message varied in a similar manner to those of RB1CC1
protein in the musculoskeletal tissues of human embryos.
RB1 protein was detected in the nuclei of all types of
musculoskeletal cells that possessed abundant RB1CC1
expression, and the intensity of RB1 staining was relevant
to the amount of RB1CC1 expression (Figure 3; B1 to B5).

Cell Growth Suppression by RB1CC1
Introduction

The introduction of wild-type RB1CC1 suppressed the
formation of macroscopic colonies of EBC-1 cells. On the
other hand, the control vector without RB1CC1 exerted no

Figure 1. Northern blots of human RB1CC1, RB1, and GAPDH. The 6.6-kb
and 4.7-kb signals, respectively, corresponding to the human RB1CC1 and
RB1, were noted with comparatively similar intensities in 7 of 10 human
osteosarcoma cell lines.
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growth suppression of EBC-1 cells. There was an 86%
decrease in colony number on RB1CC1 transgene deliv-
ery (Figure 4).

Discussion

Human RB1CC1 is a novel nuclear DNA-binding protein
that is a key regulator of RB1 gene expression: RB1CC1
expression correlates closely with that of RB1 in various
cancer cell lines and normal human tissues, and intro-
duction of wild-type RB1CC1 induced significant RB1
expression in human leukemic cells.1 Our previous

study1 also demonstrated abundant RB1CC1 expression
in normal skeletal muscles and in U-2 OS human osteo-
sarcoma cells. In addition, RB1CC1 expression was quite
low in the osteosarcoma cell line, Saos-2, in which the
RB1 gene is abnormal. Therefore, we proposed that both
RB1CC1 and RB1 are correlatively expressed, interact
each other, and play any biologically important roles in
human musculoskeletal cells as well as in osteogenic
neoplastic cells. We then analyzed the manner of
RB1CC1 and RB1 gene expressions in 10 osteosarcoma
cell lines, and found RB1CC1 expression in 7 of them and
little in the remainder. Expressional levels of RB1CC1 and

Figure 2. RB1CC1 expression in musculoskeletal tissues. H&E staining (A) and in situ hybridization of RB1CC1 (B–E). RB1CC1 mRNAs (brown) are present in
various musculoskeletal cells in human embryos. They are scarcely expressed in proliferating chondrocytes (B), but are abundant in hypertrophic chondrocytes
(C), osteoblasts (D), and muscles (E). Original magnifications: �200 (B, D, E); �100 (C).

Figure 3. Expression of RB1CC1 and RB1 in musculoskeletal tissues. Immunohistochemistry of RB1CC1 (A), and of RB1 (B) in long bones and the surrounding
skeletal muscles of human embryos. The intensity of RB1CC1 and RB1 expression increased concomitantly with maturation of musculoskeletal tissue elements.
Proliferating chondrocytes (A1, B1); hypertrophic chondrocytes (A2, B2); osteoblasts in bone trabeculae (A3, B3); periosteal osteoblasts attaching to bone surface
(A4, B4); multinucleated skeletal muscles (A5, B5) are shown. Gene expression is shown in brown. Original magnifications, �200 (A1–5, B1–5).

362 Chano et al
AJP August 2002, Vol. 161, No. 2



RB1CC1, a Novel Gene for Skeletal Development 363
AJP August 2002, Vol. 161, No. 2



RB1 were related in all 10 human osteosarcoma cell lines.
These findings were similar to those of other cancer cells
and normal human tissues in the previous study.1

In situ hybridization and immunohistochemical studies of
nonneoplastic musculoskeletal systems revealed abundant
RB1CC1 expression in hypertrophic chondrocytes, osteo-
blasts, deep-seated periosteal osteoblasts, and muscles,
but less RB1CC1 was expressed in proliferating chondro-
cytes and other immature mesenchymal cells. The intensity
of RB1 immunoreactivity in cell nuclei correlated with that of
RB1CC1, and the expression of both concomitantly in-
creased with maturation of the musculoskeletal mesenchy-
mal cells. In consequence, like the findings from various
human osteosarcoma cell lines, the degrees of expression
of both RB1CC1 and RB1 were related in various musculo-
skeletal cells, and an increase of both was preferentially
associated with the maturation of cellular components of the
musculoskeletal tissues in human embryos.

The RB1 family is best known for its function in the control
of cell cycle progression, and �80% of human cancers are
associated with dysregulation of the RB1 pathway.3,4 In
musculoskeletal neoplasms such as osteosarcoma, chon-
drosarcoma, leiomyosarcoma, and rhabdomyosarcoma,
RB1 mutations alter the biological behavior of cell prolifer-
ation and lead to a poor prognosis.4–6 However, whether or
not RB1 plays crucial roles on the maturation of musculo-
skeletal cells has not yet been clarified. Novel roles for the
RB1 family of proteins have emerged, because it has been
linked with regulation of the terminal differentiation of many
tissues and cell types.7 A more precise definition of RB1
function in the proliferation and differentiation of musculo-
skeletal cell lineages is required. To the best of our knowl-
edge, this study is the first to provide evidence of RB1
expression in the developing musculoskeletal systems of
human embryos. Our histological studies suggested that
RB1 is involved with the terminal differentiation of human
embryonal musculoskeletal cells, after stabilizing the cell
cycle processes.

RB1CC1, a putative transcription factor, has been im-
plicated in the regulation of RB1.1 However, information
about RB1CC1 is scarce, and whether RB1CC1 controls

RB1 directly as a transcription factor, or indirectly through
some other molecules, remains to be determined. Evi-
dence shows that RB1CC1 is intimately related with RB1
status in cancer cell lines as well as in various normal
human tissues, and therefore, it was considered to be a
key regulator of RB1 gene expression.1 As shown in the
present study, the introduction of wild-type RB1CC1 to
EBC-1 cells, which have a low level of RB1CC1 expres-
sion, decreased the formation of macroscopic colonies,
indicating that RB1CC1 can suppress proliferation of
some types of cells. Together, the findings of the present
study suggest that the two nuclear proteins, RB1CC1 and
RB1, were preferentially co-expressed in terminally dif-
ferentiated mesenchymal tissues, and may play some
fundamental biological roles such as suppressing the cell
proliferation in the development of musculoskeletal cell
lineages of human embryos.

In conclusion, this study showed that both RB1CC1
and RB1 are expressed in a similar manner in musculo-
skeletal cells, and that RB1CC1 is also important in the
musculoskeletal development of human embryos, along
with RB1. RB1CC1 may play some crucial roles on the
expression and function of RB1, and stabilize the cell
cycle processes, in musculoskeletal cells. Thus, RB1CC1
and RB1 preferentially co-expressed and contribute to
the development of musculoskeletal cell lineages.
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