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Abstract

An examination of the confusion generated around the use of different acronyms for CCN proteins has been performed by the
editors of the HUGO Gene Nomenclature Committee upon the request of the International CCN Society Scientific Committee.
After careful consideration of the various arguments, and after polling the community of researchers who have published in the
field over the past ten years, the HGNC have decided to adopt and approve the CCN nomenclature for all 6 genes. Effective
October 2018, the genes referred to as CYR61, CTGF, NOV and WISP1-3 will be respectively designated by the gene symbols
CCN1-6 with corresponding gene names « cellular communication Q2 network factor 1-6 ». We believe that this decision will
be a step towards better communication between researchers working in the field, and will set the stage for fruitful collaborative
projects. Accordingly, the Journal of Cell Communication and Signaling, the official journal of the International CCN Society,
available both in print and online, constitutes a unique window into the CCN field. This official nomenclature will benefit the
international scientific community that is supported by the established and renowned professionalism of the Springer-Nature
publishing group.

Keywords CYR61 - CTGF - NOV - WISPI - WISP2 - WISP3 - CCN proteins - CCNgenes - Cellular communication network
factor

As the Editor in Chief of JCCS, I will first briefly review, in ~ The context as viewed by the president

this editorial, the scientific confusion that developed over the
past 25 years in the world of CCN proteins, since their dis-
covery in the 1990s. I will open our columns to the editors of
the HGNC who I invited to present their views, and the pro-
cess that they followed to set up the new official nomenclature
that will most certainly constitute a major landmark in the
history of the CCN field.
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Back in 1993, P. Bork, a bioinformatician running in silico
studies of peptidic functional domains during evolution, re-
ported that a group of newly identified proteins, named
CYRG61 (for cystein rich 61), CTGF (for connective tissue
growth factor), and NOV (for nephroblastoma overexpressed)
shared a striking tetramodular organization and a highly con-
served primary sequences encoded by five exons that were
spliced in a very similar way.

These observations led the author to propose (Bork 1993)
that these proteins constitute an « emerging family of growth
regulators » that he designated with the CCN acronym. The
choice for the CCN acronym was based on the first letter in the
names of the only three members of the family that had been
identified at that time.

Historically, several groups reported the description of pro-
teins being either orthologs or identical to the three founding
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Table 1 Summary of the new official CCN nomenclature
New gene New gene name Previous Previous gene name Alias gene
symbol gene symbol symbols
CCNI1 Cellular communication network factor 1 CYR61, IGFBP10 Cysteine rich angiogenic inducer 61 GIG1
CCN2 Cellular communication network factor 2 CTGF Connective tissue growth factor IGFBP8
CCN3 Cellular communication network factor 3 NOV Nephroblastoma overexpressed IGFBP9
CCN4 Cellular communication network factor 4 WISP1 WNT1 inducible signaling pathway protein 1 WISP-1
WISP1-OT1
WISP1 UT1
CCN5 Cellular communication network factor 5 WISP2 WNT1 inducible signaling pathway protein 2 WISP-2
CTS8
CTGF-L
CCN6 Cellular communication network factor 6 WISP3 WNT1 inducible signaling pathway protein 3 WISP-3

members of the CCN family (for detailed historical reviews
see Perbal 2001, 2013).

Another addition to the family arose in 1998 with the de-
scription of three new human members of the CCN family
(Pennica et al. 1998) designated WISP (for Wnt induced se-
creted proteins) (Xu et al. 2000).

The variety of names given to the same proteins identified in
different systems led us to publish in 2003 a call for a unified
nomenclature after it had been recognised during the second
international workshop on the CCN family of genes held in
2002 (Saint-Malo France) that it « will serve to eliminate con-
fusion in the literature. A consensus was reached to propose a
unifying nomenclature for the CCN family, numbering them
CCNI through CCNG6 in the ovder in which they were described
in the literature. Thus, CYR61 will be designated CCN1, CTGF
as CCN2, NOV as CCN3, and WISP-1-3 as CCN4—6 »
(Brigstock et al. 2003, Perbal 2004).

Also, accumulating scientific evidence called for a reas-
sessment of the original acronyms.

For example the overexpression of NOV originally report-
ed in a group of chicken nephroblastomas, did not appear to be
a general feature of these tumors, neither in chicken nor in
human (Perbal 1994). Similarly there is evidence indicating
that CTGF is not a growth factor per se but is rather acting as a
co-factor in the regulation of cell growth stimulation of target
cells (see Perbal and Perbal 2016).

On an onomastic ground the situation that developed was
not in favor of the maximal valorization of these discoveries.
Very often, the communications reporting biological proper-
ties of any particular protein did not fully exploit or mention
the fact that the proteins were part of a family. In the eyes of
researchers unaware of these scientific issues, CCN proteins
could appear as being unrelated to each other or belonging to
separate functional worlds.

On the contrary, the current picture is that the CCN proteins
physically interact with each other and their biological prop-
erties are interdependent.
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For example, it was well established that the expression of
CCN2 (CTGF) and CCN3 (NOV) are cross-regulated with
their activities on cell proliferation being opposite and most
likely involved in a « yin and yang type » of regulation (Van
Roeyen et al. 2008, Kawaki et al. 2008, Riser et al. 2009,
Rittié et al. 2011, Kawaki et al. 2011)

These critical observations which cannot be ignored argue
against considering CCN proteins on their own, a misconcep-
tion that obliterates several aspects of their biology. Instead, all
scientific observations concur to call for a cooperatively reg-
ulated mode of action (Perbal 2001).

In an attempt to propose a model that could serve as a
conceptual basis to collectively address these problems, I have
proposed (Perbal 2013, 2018) a dynamic model in which the
variety of regulatory functions attributed to the CCN proteins
results from a strict spatiotemporal regulation of a complex
series of combinatorial events strictly dependent on the local
and timely bioavailability of the proteins and their ligands.
These events involve physical interactions of the various
CCN proteins between themselves, and with their specific li-
gands, in subcellular compartments during normal cellular life.

As we have previously pointed out in a thorough review of
the field, evolution over the past 25 years since its inception
(Perbal and Perbal 2016), citations in manuscripts in which
the CCN acronyms were used increased at a very good pace,
in spite of a system which was not helpful. Unfortunately, the
recommendation for using a unified nomenclature was not
fully observed for various reasons including the fact that com-
panies selling CCN reagents used the original acronyms offi-
cially recognized by the HGNC, and for more personal rea-
sons that we cannot develop here because they go far beyond
the aims of public scientific research.

After carefully studying many of the manuscripts published
in the field over the past 25 years, we felt that the main problem
did not really stem from the few senior groups who remained
reluctant to a switch of nomenclature, but from most of the
newcomers who joined this expanding field and who were
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not aware of the misconceptions raised by the use of some old
acronyms. These issues were regularly debated during the
International workshops on the CCN family of genes, and those
who did not attend our meeting referred in good faith to previ-
ous publications or quoted the official original acronyms.

In order to clarify the situation and avoid the reinforcement
of conflictual positions among researchers working in the
same field, the founding members of the Scientific
Committee of the ICCNS addressed the major problems
resulting from a lax, counter-productive, system of citations
not serving the scientific community, and presented to the
HGNC the major pitfalls caused by a conservative scientific
view.

The context as viewed by the editors of HGNC
and steps leading to an official unification

The HGNC were originally contacted by Professor Lester Lau
on behalf of the ICCNS, following their inaugural Saint-Malo
meeting in 2000 with a proposal to adopt a unified nomencla-
ture for this family using the CCN root.

From our point of view there were two major problems —
the primary one being that the CCN root was already ap-
proved for cyclin gene symbols. The second issue was that
“CCN?” is derived from the very symbols we were being re-
quested to replace (CYR61/CTGF/NOV), so the gene name
would confusingly reference obsolete symbols. Our sugges-
tion at that time was to discuss possible alternative unique root
symbols for the family but this offer was not taken up, and
subsequent discussions following the 2001 St Malo society
meeting again stalled. As a result of this impasse, articles have
since been published using a mix of the original gene symbols,
the CCN symbols, other aliases and, frequently, a combination
of symbols — clearly not an ideal situation.

In 2015 Professor Brahim Chaqour wrote advocating the
CCN system but we felt that, on top of the original two issues,
there were already too many papers using the approved symbols,
especially CTGF. Generally HGNC avoid changes to symbols
whenever possible — unless updating a temporary symbol (e.g.
Ctorti#s) or correcting misleading nomenclature. We are partic-
ularly reluctant to change highly cited symbols. However, we did
create a CCN gene family page (https:/www.genenames.org/
cgi-bin/genefamilies/set/1046) at this time in an effort to make
it clear that this group of genes with disparate nomenclature are
closely related. Finally, we were contacted in November 2017 by
Professors Perbal, Lau, Leask and Brigstock with another request
on behalf of the ICCNS to change to the CCN symbols. So why,
18 years after the initial contact, have HGNC now agreed to
update to this nomenclature?

In 2016, the HGNC instigated our sister project, the
Vertebrate Gene Nomenclature Committee (VGNC), for nam-
ing genes in vertebrate species that do not have their own

nomenclature committee. These genes are named based on their
human ortholog, but we are also trying to follow community
recommendation not to humanize genes in other species by
avoiding transferring human-specific information, such as dis-
ease phenotypes. Consequently, we have been reviewing human
gene names before transferral to their orthologs, and this process
had flagged NOV, “nephroblastoma overexpressed”. As well as
being phenotype-based, the NOV acronym is also far from ideal
for literature searching as it is widely used for other things,
especially “November”. The ICCNS request arrived as we were
considering alternatives for NOV. Looking at 300+ papers re-
trieved about this gene, we noted CCN3 was used in just over
half, and hence the pragmatic solution seemed to be to adopt the
already well-used alias, CCN3. However, this conflicted with
our aim of using the same root symbol for gene family members.

In addition, the ICCNS argued that “connective tissue
growth factor” was a misleading name because the gene does
not encode a growth factor, and this misnomer had led to
researchers misinterpreting their results. As previously stated,
we do make symbol changes if the nomenclature is subse-
quently shown to be misleading. And we also agreed with
the ICCNS that “CYR61” is not informative nomenclature —
the number 61 being essentially meaningless.

This led us to review the usage of symbols for the whole
CCN family and to investigate the extent to which there is
confusion with the cyclins. The cyclin symbols follow the pat-
tern CCN-letter-(number) (e.g. CCNEI), though CCNA2 was
originally approved as CCN/, and normally we would not con-
template reusing a symbol that was ever approved for another
gene. A literature search (title and abstract) using ‘CCN1’ found
almost 400 papers — the vast majority of which refer to CYR61/
CCNI, with only ten referring to the Candida albicans cyclin
gene CCNI. We did not retrieve cyclin papers in searches with
CCNZ2—-6. Nevertheless, regardless of the lack of confusion in
the literature, we still retain reservations about sharing a root
symbol with the cyclins and still feel it would have been pref-
erable to have agreed a distinct root symbol back in 2000.

In terms of symbol usage, the approved symbols were also
more published than the CCN symbols for all the genes other
than NOV/CCN3. However, we noted a trend towards the CCN
nomenclature over time by the majority of authors who pub-
lished most on these genes. Therefore, we informed the ICCNS
that we would conduct a wide consultation with the research
community on the proposal to update to the CCN nomencla-
ture, as long as we could adopt a gene name that did not refer-
ence the old symbols - which resulted in “cellular communica-
tion network factor”. With almost 5000 publications on all six
genes, we chose to be pragmatic and email the 164 correspond-
ing authors of 3 or more publications on any CCN gene in the
last 10 years. Authors were asked if they supported the proposal
to adopt the unified CCN nomenclature, and also if it should
include WISP1-3, as we did not feel the case to rename these
genes was as compelling as for CYR61, CTGF and NOV.
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From the responses received only two authors expressed con-
cerns and only two were wholly against the proposal. The major
concern was that the link to the extensive literature using the
original gene symbols could be lost. We completely understand
this concern, and always ensure that all previous names and
symbols are retained in the gene record - both in our database
and others such as NCBI Gene. Medline/PubMed also link pre-
vious symbols to approved symbols via MeSH, so the past liter-
ature should still be easily found. Other comments included a
request to rename the mouse genes in line with human, and we
can confirm that the Mouse Gene Nomenclature Committee will
do this, and other vertebrates will also follow in due course. It
was also confirmed that it is important to include the WISP genes
as CCN4-6, as otherwise their membership of the family may be
overlooked and important insights into their functions neglected.

There are always some regrets at the loss of a long-standing
symbol that reflects the history of a gene’s discovery, there was
speculation that the new nomenclature won’t be adopted, and
reservations about the meaningfulness of the new gene name.
However, these concerns were outnumbered by the enthusiastic
support for the proposal, and hence the new approved CCN
family can now be found in our database and will disseminate
to other resources in due course. We hope that the new CCN
family nomenclature (Table 1) is universally welcomed and
trust that you will use it in all future publications. We also
strongly encourage any readers to contact the HGNC
(hgnc@genenames.org) about any new gene nomenclature pro-
posals prior to publication - we are under increasing pressure
not to change any symbols due to their increasing use in geno-
mic medicine, and so we can’t make a habit of being this
accommodating!

From historical milestones to the hopes
brought by the official recognition of the CCN
acronym

The official recognition of the CCN nomenclature provides
the ground for a unique scientific and human reunion of the
researchers working in the field.

In the year 2000, after I had consulted with my friend and
colleague Dr. Herman Yeger, I had felt that it was time to bring
together the researchers working on the newly discovered
CCN genes and proteins. Thanks to the dedication and help
of Annick, we could organize the first international workshop
on the CCN family of genes in Saint-Malo (France).

Bringing together the leaders in the field was not only a
great and scientific adventure but a superb opportunity to meet
and put a face on those people who discovered the CCN
genes, and who were already involved in very productive
research aimed at deciphering the biological properties of this
unique family of proteins.
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It was also the time to propose a framework that would
allow us to keep meeting and exchanging new ideas and set
up collaborative projects in a friendly open way.

Very soon the ICCNS was born and I created « CCS: Cell
Communication and Signaling », the official organ of the
ICCNS, which was at that time the first open access journal
focusing on intercellular signaling.

The audience of the journal was ramping up when Biomed
Central reinforced the need to pay for submission, a view that
was not shared by the members of our editorial board. I will not
come back to the reasons why we decided to leave BMC and
became hosted, as a non profit society by Springer, but I wish to
stress that this move created a hard time for all of us, especially
when BMC decided, after we had developed with Springer the
Journal of Cell Communication and Signaling (JCCS available
at http://springer.com/12079) to keep on publishing, with the
same name the journal that I had created, thereby generating a
confusion in the mind of potential authors."

Since then, JCCS has been recognized as a reference pub-
lication in the field of cellular signaling with an impact factor
in the range of 3.0 to 2.5 since 2016.

As 1 mentioned above, JCCS was created as the official
journal of the CCN community.

It offers a rapid turn-around review process, in print and
online, published by Springer-Nature with no submission fees,
including colour photographs (see http://springer.com/12079).

JCCS: Ten years later

JCCS is now recognized as a unique niche for studies dealing
with molecular and translational research, and for publications
reporting progress in the understanding of extracellular matrix
signaling.

It is the journal of choice for the publication of CCN
manuscripts.

On the occasion of the JCCS 10th birthday, the vast major-
ity of our Editors accepted to participate in the publication of a
splendid 40-article special issue, that shed light on their pres-
ent scientific activities (https:/link.springer.com/article/10.
1007/s12079-018-0472-4).

The variety of topics covered by these communications
reflects the central position that JCCS holds in the field of
intercellular communication and cross-talk of cells with their
microenvironment.

The manuscripts contained in this special issue covered
several fundamental biological pathways in which cell com-
munication and signaling play key roles, both in normal and
pathological conditions, including cancer and aging (15 con-
tributions), vasculature (3 contributions), development (4

! For more details about these aspects, see: B. Perbal (2015) What kind of a
life for a scientific journal? J Cell Commun Signal. Sep;9(3):201-206.
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contributions), bone and cartilage (4 contributions), fibrosis,
injury and inflammation (14 contributions).

Let me take this opportunity to express my deepest appreci-
ation to all those who particpated in the production of this issue.

We believe that JCCS could be a powerful vector in the
communication of scientific progress and new ideas in the
CCN field.

As we previously mentioned (Perbal and Perbal 2016) « «
The proposal for a unified nomenclature combined with ef-
forts that we have deployed to organize meetings along with
an official journal for reporting CCN research were meant to
consolidate the relationships between researchers who would
otherwise ignore each other. Being part of a community is an
essential aspect of modern science. We are convinced that the
whole community will benefit from everybody « playing the
same game », and we would like to take this opportunity to
renew our suggestion and invite all researchers working in the
great field of CCN research to join usy.

This is, in our view, the only way to unite our forces and
better understand the wide range of complex biological func-
tions played by this fascinating family of proteins.

We are presently in the process of “rejuvenating” the edi-
torial board of JCCS after 10 years of increasing quality in
publication.

Itis good timing to take advantage of the ground offered by
officialization of the CCN acronym and make this journal a
stronger medium for publishing in the CCN field.

Along this line, myself and Andrew Leask would be happy
as the Editor in Chief, and Managing Editor of JCCS, to con-
sider applications from those who used to publish with the
previous acronyms, to join our editorial board and directly
participate in the development of JCCS to make it « THE »
reference for CCN publications.

As a second step in our effort to foster positive interactions,
let me bring to the attention of colleagues who might ignore
the activities of our non profit scientific society, that we orga-
nize very successful biennial workshops® that are the only
scientific meetings focusing on various aspects of CCN bio-
logical activities in normal and pathological conditions.

In our opinion, JCCS and the ICCNS can be the most
exquisite tools for the CCN community to exchange leading
ideas and reliable reagents, using the print medium and via the
CCN society journal, or live by participating in the CCN
workshops.

We are eager to hear from you and meet you all soon.

Acknowledgements I am grateful to H. Yeger and A. Perbal for critical
reading of the manuscript.

% The preliminary program of the next workshop to be held at Niagara Falls is
available on the ICCNS web site (http://ccnsociety.com). It will be updated on a
regular basis. Reports of the workshops are published in JCCS. Last report is
accessible online at https://link.springer.com/article/10.1007/s12079-018-0472-4
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