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Abstract

Aims—To characterise the human cyré61
gene (cyr61H) and determine its chromo-
somal locality. To compare expression of
cyr61H in human tumour cell lines with
that of two other structurally related
genes, novH (nephroblastoma overex-
pressed gene) and CTGF (connective
tissue growth factor), that are likely to
play a role in the control of cell prolifera-
tion and differentiation.

Methods—To isolate the human cyrél
gene, placental genomic and HeLa cDNA
libraries were screened with murine cyr61
cDNA. The nucleotide sequence of the
complete cyr61H cDNA was established.
Both Southern blotting of a panel of
somatic cell hybrids and in situ hybridisa-
tion on chromosomes were performed to
map the cyr6l1H gene. Expression of
cyr61H, novH, CTGF, and novH was ana-
lysed by northern blotting in both human
neuroblastomas and glioblastoma cell
lines.

Results—Genomic and ¢cDNA clones en-
compassing the cyr61H gene were isolated
and characterised. Comparison of mouse
and human cyr61 sequences indicated that
their genomic organisation is highly con-
served. Alignment of coding sequences
highlighted the conservation of cyré61
regions that might be critical for its
biological function. The data showed that
the cyr61H gene is assigned to chromo-
some 1p22.3 and that different levels of
cyr61H, CTGF, and novH mRNA have
been detected in several human tumour
cell lines derived from the nervous sys-
tem.

Conclusions—The human cyr61 gene be-
longs to an emerging family of genes
including CTGF/fisp12 and nov. The
murine cyr6l encodes an extracellular
cysteine rich protein that exhibits chemo-
tactic activity, promotes attachment and
spreading of cells, and potentiates the
mitogenic effect of growth factors. Assign-
ment of the cyr61H gene to chromosome
1p22.3 will allow studies to determine
whether human pathologies derived from
the nervous system or from other tissues
are associated with chromosomal abnor-
malities involving this region. Although
the coding regions of cyr61H, CTGF, and
novH are highly homologous, a growing
body of evidence suggests that expression

of these genes is regulated differentially,
and that a balance between expression of
these genes might represent a key element
in determining the stage of differentiation
and/or the malignant potential of tumour
cells.
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The murine cyr61 gene was characterised as a
growth factor inducible, immediate early gene
in mouse fibroblasts.' The CYR61 protein is a
secreted, cysteine rich, heparin binding protein
that associates with the cell surface and the
extracellular membrane.? The chicken homo-
logue of cyr61 (CEF10) had been identified as
an immediate early gene whose expression is
induced by production of active v-src in ts
NY72—4 Rous sarcoma virus infected chicken
embryo fibroblasts (CEF). Enhanced CEF10
RNA levels were also detected in serum treated
normal fibroblasts.’

The CEF10/cyr61 genes share extended
nucleotide sequence similarities with two
groups of genes (fispl1 2/CTGF (connective tis-
sue growth factor) and nov (nephroblastoma
overexpressed gene)),” encoding proteins
likely to play a role in cell growth and/or
differentiation.* ' These genes also share more
distant sequence similarities with two dro-
sophila genes, twisted gastrulation and short
gastrulation, which interact with decapentaple-
gic to regulate dorsal-ventral patterning.' ' A
comparative analysis of the primary structures
of CTGF/fispl2, cyr61/CEF10, and NOV
established that these proteins contain 38 con-
served cysteine residues and the following four
structural motifs: (1) an insulin growth factor
binding protein (IGFBP) module, highly ho-
mologous to the core N-terminal IGF binding
domain of previously described IGF binding
proteins; (2) a Von Willebrand factor type C
repeat (VWC) module likely to be involved in
oligomerisation and represented in Von Will-
ebrand factor; (3) a thrombospondin type I
repeat (TSPI) module, represented in throm-
bospondin, and thought to be involved in the
interaction with extracellular matrix molecules;
and (4) a carboxy-proximal motif (CT) pro-
posed to represent a dimerisation domain."
Although the functionality of these domains
remains to be established, it is tempting to pro-
pose that their conservation is related to the
biological function(s) of these proteins.
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Chicken CEF10 1 MGSAGARPALAAALLCLARLALGSPCPAVCQCPAAAPQCAPGVGLVPDGCGCCKVCAKQLNEDCSRTQPC 70
C

Human CYR61 71 DHTKGLECNFGASSTALKGICRAQSEGRPCEYNSRIYONGESFQPNCKHQCTCIDGAVGCIPLCPQELSL 140

Murine CYR61 71 140
Chicken CEF10 71 DHTKGLECNFGASPAATNGICRAQSEGRPCEYNSKIYQNGESFQPNCKHQCTCIDGAVGCIPLCPQELSL 140
* O [o] *
Human CYR61 141 PNLGCPNPRLVKVTGQCCEEWVCDQDSTIKDPMEDQDGLLGKELGFDASEVELTRNNELIAVGKGSSLKRL 210
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Chicken CEF10 141 PNLGCPSPRLVKVPGQCCEEWVCDESKDALEELEGFFSKEFGL DASEGELTRNNELIAIVKGG LKML 207
*

Human CYR61 211 PVFGMEPRILYNPLQ GQKCIVQTTSWSQCSKTCGTGISTRVTNDNPECRLVKETRICEVRPCGQPVYS 278
*

Murine CYR61 207 PVFGTEPRVLFNPLHAHGQKCIVQTTSWSQCSKSCGTGISTRVTINDNPECRLVKETRICEVRPCGQPVYS 276

Chicken CEF10 208 PVFGSEPQS RAFE N PKCIVQTTSWSQCSKTCGTGISTRVTNDNPDCKLIKETRICEVRPCGQPSYA 273

x * * o *
Human CYR61 279 SLKKGKKCSKTKKSPEPVRFTYAGCLSVKKYRPKYCGSCVDGRCCTPQLTRTVKMRFRCEDGETF SKNVM 348
Murine CYR61 277 346
¢]
Chicken CEF10 274 SLKKGKKCTKTKKSPSPVRFTYAGCSSVKKYRPKYCGSCVDGRCCTPQQTRTVKIRFRCDDGETFTKSVM 343

Figure 1 (A) Organisation of the human cyr61 gene. Partial restriction map of AHul1 and of the plasmid subclones
pBB6.5 and pEES.2. Probes: pBB6.5 (6.5 kb BamHI fragment), pEE6.2 (6.2 kb EcoRI fragment). The position of exons
in AHul1 and the pBB6.5 and pEE6.2 subclones was mapped following Southern blotting with exon specific
oligonucleotides as probes. The black boxes represent human exonic regions. Exons were numbered according to the
nucleotide and amino acid sequences of the murine cyr61 gene. B, BamHI; E, EcoRl; H, HindlIl; Xa, Xbal; Xo, Xhol.
(B) Comparison of the murine, chick, and human cyr61 open reading frames (ORFs). Amino acid sequences from the
human and murine cyr61 and chicken CEF10 proteins have been aligned to give maximal homology using the Clustal
method.* Conservative substitutions are indicated by a single line. The * and ° symbols represent predicted phoshorylation
sites for protein kinase C and casein kinase II, respectively.

In spite of their highly conserved Both CTGF and CYR61 proteins exhibit
organisation, the immediate-early CEF10/ chemotactic activities.''* CYR61 has been
cyr61 and fispl 2/CTGF genes encode positive ~ shown to promote cell adhesion and potentiate
regulators of growth with distinct biological the mitogenic effects of growth factors such as
activities and are subject to different regulatory B fibroblast growth factor (BFGF) and platelet
signals. derived frowth factor B (PDGF B)."* CTGF,
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Figure 2  Predicted secondary structure according to Garnier et al”® of (top) murine
CYR61 (cyr6-mouse), (middle) chicken CEF10 (p19336), and (bottom) human CYR61
(cyrhu).
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Figure 3  Detection of cyr61H specific sequences in
human—rodent hybrid cell line DNA. Samples (10 ug) were
digested with EcoR1 restriction endonuclease,
electrophoresed, transferred on to nylon membranes and
hybridised with the *P labelled pcyr61 cDNA probe

(2.0 kb EcoR1 fragment). Lane 1, human—mouse hybrids
posttive for human sequences; lane 2, human—mouse hybrids
negative for human sequences; lane 3, mouse DNA; lane 4,
human DNA; lanes 5 and 6, human—hamster hybrids
positive for human sequences; lane 7, human—hamster
hybrids negative for human sequences; lane 8, hamster
DNA.

which was reported to act as a growth factor,* is
a downstream target of transforming growth
factor B (TGFp).”'® We have shown
previously'® '’ that, in contrast to the other
members of this gene family, nov is not an
immediate-early gene. Its expression is associ-
ated with cell quiescence and is downregulated
on induction of cell proliferation following
treatment with serum and oncogenic transfor-
mation.

Because altered expression of nov has been
shown to be associated with avian and human
nephroblastoma®” (also Chevalier et al, unpub-
lished), it is conceivable that an unbalanced
expression of this gene’s family may constitute
a key point in the proliferation of tumour cells.

The observation that cyr61 expression corre-
lates with chondrogenesis during embryonic
development® and that nov expression is
detected during embryogenesis of muscle,
nervous tissue, and cartilage'® (also Chevalier et
al and Kocialkovski et al, unpublished) sug-
gested that alterations of the expression pattern
of these genes could be involved in several
pathologies.

nov and CTGF genes have been assigned
to chromosomes 8q24.1 and 6q23.1,
respectively.” In this report we show that the
human cyr61 gene (cyr61H) is conserved,
maps to chromosome 1p22.3, and is expressed
differentially in tumours and tumour cell lines
derived from the nervous system.

Methods

CELL CULTURE AND TISSUES

The neuroblastomas analysed were isolated
and characterised in the IGR, Villejuif (Bénard
et al, unpublished data). Pathological diagnosis
determined one undifferentiated neuroblas-
toma (stage IV), two ganglioneuroblastomas
(stage III), and three ganglioneuromas (local).
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Glioma cell lines were established from fresh
tumour specimens.” The tumours were ob-
tained from patients between 4 and 71 years of
age. Classification of the tumours was per-
formed according to WHO guidelines. The
tumour cell lines analysed in this study are
derived from tumours of WHO grade 3 or 4
and are referred to as high grade hereafter.
The cell lines were maintained at 37°C in
Earle’s modified minimal essential medium
(MEM) containing 10% fetal calf serum in an
8% CO, humidified atmosphere.

NUCLEOTIDE SEQUENCING

The 2.0 kb EcoRI insert derived from 16AH
recombinant phage was further subcloned in
Bluescript pBS/KS plasmid (Stratagene Clon-
ing Systems, La Jolla, California, USA) to gen-
erate pCYR61H and sequenced by the dideoxy
chain termination method?® in the presence of
(0-*S) dATP and T7 polymerase (Pharmacia,
Orsay, France). Sequence data treatments were
performed using the computer facilities at
Infobiogen (Villejuif, France).

DNA AND RNA PURIFICATION, SOUTHERN AND
NORTHERN BLOTTING

Procedures for DNA and RNA purification
from tissues and cell cultures and for Southern
and northern Dblotting are described
elsewhere.”* The Southern blots were hybrid-
ised to the 2.0 kb EcoRl fragment derived
from the pcyr61H clone. The northern blots
were hybridised either to the 1.0 kb Ncol-
HindIIl fragment derived from the cyr61H
clone, to the 3.5 kb Bglll-BamHI fragment
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from the pBH7 novH clone (probe
pBH7/BB),” or to the 700 bp Pstl fragment
derived from the pS6 CTGEF clone pS6 (probe
pS6/PSP07).”

IN SITU HYBRIDISATION

The details of chromosome preparation and
banding, probe labelling, and hybridisation
have been described previously.® ¥ Probes
labelled with 11-UTP (Bio-Rad Laboratories,
Ivry sur Seine, France) were detected by
indirect immunofluorescence using a fluores-
cein conjugated antibody. Probes were an-
nealed with total DNA in order to avoid hybri-
sation of repeated sequences contained in the
genomic pBB6.5 and pEE6.2 probes. The final
concentration of total DNA in the hybridisa-
tion mixture was 20 pg/ml, slides were an-
nealed at 37°C for 10 minutes.

Results

Screening of a normal human genomic placen-
tal library (Clontech, Montigny le Bretonneux,
France) and of a HelLa cell cDNA library
(Clontech), using murine pcyr61 cDNA! as a
probe, allowed us to isolate several A recom-
binant clones whose representatives are AHull
genomic DNA and AM61H cDNA (fig 1). As
reported previously for the murine cyr6l
gene,” the entire cyr61H coding region spans
about 3 kb of DNA (fig 1).

Comparison of the pcyr61H cDNA nucle-
otide sequence with the murine pcyr61 and the
chicken CEF10 cDNA sequences’ revealed an
overall identity of 82% and 77%, respectively.
The consensus sequences TTATAAA, which

Table 1 Analysis of human markers: chromosomes, enzyme PGM1, and CYR61H EcoRI sequences (6.2 kb) in 25 independent human—rodent hybrids
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Discordant

CYR61H(%) 8 40 48 32 26 48 36 41 32 43 29 52 35 63 35 38 52 14 39 50 59 26 43 44 0

Hybrid cell lines have been described by Nguyen ez al.*' Karyotype analyses of each cell line and reference enzyme marker studies were done at the time of DNA
preparation. In some cases, hybrid content differed from the initial description by Nguyen ez al. Analyses for phosphoglucomutase 1 (PGM1) a chromosome 1 refer-
ence marker was performed according to Van Someren ez al.*!

Chromosomes: +, chromosome detected at least in 30% of cells; —, chromosome not detected; /, chromosome detected in fewer than 30% of cells, not scored for map-
ping; *, chromosome absent in the human parental strains.

Enzyme PGM1 and CYR61H EcoRI sequence: +, the human marker is present in hybrid cells; -, the humian marker is absent in hybrid cells.
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Figure 4 In situ hybrtdzsatton of biotinylated cyr61H specific probes on human metaphase

chre Chr were counter d with propidium iodide. (A) Hybridisation
with the pBB6.5 probe (B) Hybridisation with the pEE6.2 probe. Arrows indicate
fluorescent spots in 1p22.3. (C) Schematic representation of the relative position of the
cyr61 gene and a longitudinal map (mapped in relation to chromosome banding) of
chromosome 1.

confer instability to transcripts,” are repre-
sented in the human cyr61 gene at positions
1896-1903 and 1990-1997, and only one of
the 49 bp repeats present in the murine cyr61
3' untranslated region® is partially conserved in
the human gene (39/49 bp). The predicted
amino acid sequence of the longest open read-
ing frame of pcyr61H revealed that the 381
amino acid CYR61H protein was 91% and
81% identical to murine CYR61 and chicken
CEF10. Therefore, pcyr61H is likely to repre-
sent the human homologue of the murine
cyr61 gene and the chicken CEF10 gene. Pre-
diction of post-translational modifications re-
vealed that CYR61/CEF10 proteins were likely
to undergo several specific phosphorylations in
addition to the common ones (fig 1). It is worth
noting that, in exon 4, the stretch of amino
acids from positions 166 to 227, which lies
between the VWC and TSP1 modules,'® is the
least conserved between the CYRG61H,
CYR61, and CEF10 proteins. As shown in fig
2 the predicted secondary structure and
hydrophobicity profile® of these three proteins
revealed significant topological differences.

Martinerie, Viegas-Pegquignot, Nguyen, Perbal

Therefore, these observed differences might
confer particular biological properties to each
of the three CYR61H, CYR61, and CEF10
proteins.

Comparison of the CYR61H protein se-
quence with that of other related proteins of the
same family also revealed a high degree of con-
servation of the four putative IGFBP, VWC,
TSP1, and CT domains .

As a first step in our search for rearrange-
ment or alterations of the cyr61H gene in
human pathologies, we have performed a
physical mapping of the cyr61H gene.

Southern blot hybridisations with the
pcyr61H probe were performed on a series of
25 rodent-human hybrid DNA samples®
digested with EcoRI. The human cyr6l
specific sequences were detected in a 6.2 kb
fragment (fig 3). The same probe also revealed
two cyr61 specific fragments of 7.6 kb and
2.5 kb in murine and hamster DNA, respec-
tively. In human-rodent hybrids a positive cor-
relation was observed between cyr61H se-
quences and the phosphoglucomutase 1 gene
(PGM1), a well known chromosome 1 refer-
ence marker.” Among 25 independent hybrids
analysed, 11 were positive and 14 were negative
for these two markers. No discordant result was
observed between cyr61H specific sequences
and PGMI1 (table 1). The percentage of
discordant results were 8% for chromosome 1
and between 8% and 63% for the other
chromosomes (table 1). According to the
exclusion criterion (marker absent/chromo-
some present), all chromosomes other than
chromosome 1 could be excluded for the pres-
ence of cyr61 specific sequences. In hybrids
negative for cyr61H sequences, only chromo-
some 1 was absent. Taken together, these data
indicate that the cyr61H gene is localised on
chromosome 1.

Non-radioactive in situ hybridisations were
performed using both pBB6.5 and pEE6.2 as
probes on metaphase chromosomes obtained
from human lymphocyte cultures of normal
donors (fig 4). The frequency of metaphases
with chromosomes showing one fluorescent
spot on one chromatid was about 60%. These
fluorescent spots were observed systematically
in the distal part of band p22.3 of chromosome
1, therefore assigning the cyr61H gene to this
band.

Alterations and deletions of the distal part of
chromosome 1p have been associated with sev-
eral human tumours of neuroectodermal ori-
gin, including neuroblastoma.””> Concentra-
tions of cyr61H mRNA varied from one type of
neuroblastoma to another (fig 5). While
cyr61H expression could be detected easily in
ganglioneuromas (322, 321, and 320) and in
ganglioneuroblastomas (345 and 175), a much
lower concentration of cyr61H RNA was
detected in neuroblastoma 104. Variations of
CTGF and novH expression were observed
also in these tumours. Except in neuro-
blastoma 104, in which cyr61H, CTGF, and
novH were expressed at very low concentra-
tions, no obvious correlation could be drawn
with respect to the relative expression of these
three genes.
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Figure 5 Expression of cyr61H, CTGE, and novH in human neuroblastoma and glioma
cell lines. Total RNA samples (20 ug) were electrophoresed in 1% agarose gels, transferred
to Nytran® membranes (Schleicher and Schuell, Strasbourg, France) and hybridised with
2P labelled cyr61H, CTGE, or novH specific probes. The amount of RNA transferred in
each lane was normalised following hybridisation with a human GAPDH probe
(Clontech). (A) Neuroblastomas; (B) glioma cell lines.

Different concentrations of cyr61H mRNA
species were detected also in human glioblas-
toma derived cell lines (fig 5). The expression
of cyr61H was detectable in all glioblastoma
cell lines studied but one (167). It is worth
noting that neither CTGF nor novH could be
detected in this glioma cell line.

Two different cyr61H mRNA species were
detected in the different neuroblastomas and
glioblastomas. In addition to the major 2.5 kb
mRNA species, a less abundant 3.5 kb mRNA
species was detected in a subset of these cell
lines. As already reported®” for the 3.5 kb and
7.0kb CTGF mRNA species which are
expressed in these cell lines, no obvious corre-
lation was observed between the concentra-
tions of the 2.5 kb and 3.5 kb cyr61H mRNA
species expressed. Because the complete
cyr61H cDNA probe detected only a 6.2 kb
DNA fragment and only one chromosomal
localisation was revealed by in situ hybridisa-
tion, it was concluded that the 3.5 kb mRNA
species is most likely the result of an alternative
splicing event. The observation that the 3.5 kb
mRNA species of both cyr61H and CTGF are
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expressed in the same glioblastomas might be
of biological relevance.

Discussion

Although alterations of chromosome 1p have
been associated with several human tumours of
neuroectodermal origin including neuro-
blastoma,” melanoma,* breast cancer,” and
small lung carcinoma® only a few human
tumour pathologies have been correlated thus
far with abnormalities of the 1p22 region. A
(1;10)(p22;q12) constitutional translocation
was reported in a patient with stage 4S
neuroblastoma.”

A larger survey of neuroblastoma samples
would be required to establish a correlation
between cyr61H expression and the stage of
neuroblastoma malignancy. However, it is
worth noting that cyr61H expression was
greatest in ganglioneuromas, which represent a
benign stage of neuroblastoma and are com-
posed of fully mature ganglion cells embedded
in nerve fibres.”® Therefore, considering that
the CYR61 protein plays a role in cell
proliferation and adhesion," it is possible that
genetic alterations of 1p22 that affect cyr61H
expression might participate in the develop-
ment of these tumours.

Downregulation of cyr61H expression was
also reported in rhabdomyosarcomas.” Analy-
sis of substractive hybridisations performed
between human primary myoblasts and an
embryonal rhabdomyosarcoma cell line has led
to the isolation, from myoblasts, of a fragment
of cDNA (A33210)* whose sequence is 100%
identical to positions 544-847 of the cyr61H
gene. Thus, it appears that inhibition of
cyr61H expression might also be of importance
in the maintenance or progression of these
tumours.

In human glioblastoma cell lines different
levels of cyr61H, CTGF, and novH expression
have been observed. Because CTGF, cyr61,
and nov might have an antagonistic effect on
cell growth,' it is possible that a balance
between expression of these three genes is
required to modulate the proliferation and/or
differentiation state of the cells.

Because cyr61 expression has been shown to
correlate with chondrogenesis during mouse
development,'® it would be worth examining
whether cyr61H , nov, and CTGF are altered
in human pathologies derived from cartilage or
bone, and whether abnormalities of the chro-
mosomal regions 1p22.3, 8q24.1, and 6q23.1
are observed in such pathologies.

Addendum

Sequence data from this article has been
deposited with the EMBL/GenBank Data
Libraries under Accession number Y11307.
While this manuscript was being submitted, Jay
et al*’ reported an approximate localisation of
the human cyr61 to chromosome 1p22-p31.

We thank Dr J Benard for the gift of neuroblastomas samples.
This work was supported by grants from Association pour la
Recherche contre le Cancer (ARC), Ligue Nationale Contre le
Cancer (Comités de Paris, du Cher), and Fondation pour la
Recherche Médicale.
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