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Abstract
Aim: To clinically characterize and map the disease-associated locus in a five-
generation Chinese family with autosomal dominant early-onset hereditary gingival
fibromatosis (HGF).

Material and Methods: A complete oral examination was conducted. Genomic DNA
samples were obtained from 14 individuals. Short tandem repeats markers, which
encompass four previously known loci related to HGF, were genotyped. Two-point log
of the odds (LOD) scores were calculated using MLINK program of the LINKAGE
software, multipoint and non-parametric linkage (NPL) analysis were performed using
the GENEHUNTER software.

Results: Clinical evaluation and histological examination of this family suggested
typical features of HGF. The onset age was early in the generations, ranging between 1
and 2 years. None of the tested markers showed cosegregation among affected
individuals. Genotyping data from four putative regions yielded significant negative
two-point LOD scores (o� 2.0) at y5 0. The maximum multipoint LOD scores and
NPL analysis revealed exclusion of these loci as well.

Conclusions: Exclusion of linkage in this family to any of the known HGF loci
proved the existence of a novel locus for autosomal dominant HGF and showed that
this rare disorder is far more heterogeneous than previously expected.
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Hereditary gingival fibromatosis (HGF,
OMIM 135300), also known as elephan-
tiasis gingiva or congenital macrogingi-

va, develops as a slowly progressive,
benign, localized or generalized enlar-
gement of keratinized gingiva (Gorlin et
al. 1990). Unlike inflammatory gingival
enlargement, HGF appears normal in
colour, and feels firm and nodular on
palpation (Coletta & Graner 2006,
DeAngelo et al. 2007). The overgrowth
tissues may partially or totally cover the
dental crowns, causing diastemas, and
may delay or impede tooth eruption,
pseudopocketing and aggressive perio-
dontitis due to poor oral hygiene (Casa-
vecchia et al. 2004). In severe cases, it
may lead to crowding oral cavity, masti-
cation and speech impediments, or
even lip closure difficulties (Häkkinen
& Csiszar 2007). The onset age of HGF
usually coincides with the eruption of
permanent teeth; however, it may present

at birth occasionally (Anderson et al.
1969). HGF occurs as either an isolated
disease or combined with some rare
syndromes or chromosome disorders.
Syndromic forms of HGF have been
reported in the Zimmerman–Laband syn-
drome (Bakaeen & Scully 1991), juve-
nile hyaline fibromatosis (Dowling et al.
2003), the Klippel–Trenaunay–Weber
syndrome (Hallett et al. 1995), Prune-
belly syndrome (Harrison et al. 1998),
von Recklinghausen neurofibromatosis
(Bekisz et al. 2000), Costello syndrome
(Hennekam 2003), sensorineural hearing
loss (Kasaboğlu et al. 2004), hearing loss
with supernumerary teeth (Wynne et al.
1995), cherubism (Yalçin et al. 1999),
growth hormone deficiency (Oikarinen
et al. 1990), amelogenesis imperfecta
(Martelli-Júnior et al. 2008), etc. More-
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over, medications such as cyclosporine
A, phenytoin, nifedipine and other cal-
cium channel blockers are the most
common causes of gingival overgrowth.
These drug-induced gingival enlarge-
ments produce a phenocopy of HGF
(Seymour et al. 1996).

HGF is genetically heterogeneous
and can be inherited as an autosomal
dominant (Hart et al. 1998, Xiao et al.
2000), autosomal recessive (Goldblatt &
Singer 1992, Singer et al. 1993) and
sporadic forms of inheritance. To date,
four loci have been mapped: one mater-
nally inherited locus (GINGF4 on chro-
mosome 11p) and three other autosomal
dominant loci (GINGF and GINGF3 on
chromosome 2p, GINGF2 on chromo-
some 5q). No recessive locus has yet
been identified.

The first HGF locus, GINGF, was loca-
lized to chromosome 2p21–p22, between
D2S1788 and D2S441, by genetic map-
ping in a large autosomal dominant Brazi-
lian pedigree. Further analysis in additional
family members confirmed linkage to this
interval (Shashi et al. 1999), and later the
GINGF gene was identified when patients
were found to have a heterozygous frame-
shift mutation c.3248–3249insC in the Son
of Sevenless-1 gene (SOS1), which encodes
a RAS-specific guanine nucleotide
exchange factor (Hart et al. 2002, Jang
et al. 2007). The second HGF locus,
GINGF2, was mapped to chromosome
5q13–q22 (Xiao et al. 2001). The third
locus, GINGF3, was identified on chromo-
some 2p22.3–p23.3 in a large Chinese
family segregating HGF in an autosomal
dominant fashion (Ye et al. 2005).
The fourth locus, GINGF4, was maternally
inherited on chromosome 11p15 in
two Chinese pedigrees (Zhu et al. 2007).
Studies involving patients with various
chromosome aberrations have also sug-
gested additional loci on other regions,
including 2p13–p16 (Fryns 1996, Shashi
et al. 1999), 7q8 (Morey & Higgins 1990),
14q22–q32 (Yen et al. 1989, Rivera et al.
1992) and chromosome 8 (Sujansky et al.
1993).

Despite intensive pathological and
biochemical research (Meng et al.
2007, 2008, Sobral et al. 2007, Kather
et al. 2008), the aetiology of HGF
remains unknown. In the current study,
we test and exclude linkage to the four
known HGF loci in a new pedigree
originating from China. These data pro-
vide evidence for a novel autosomal
dominant locus and imply the existence
of at least five genes responsible for this
phenotype.

Material and Methods

Pedigree and sample collection

A five-generation family with HGF was
ascertained from a remote village in
Henan province, China (Fig. 1). All
family members received careful oral
examinations by two experienced den-
tists. Information from the deceased
parents was obtained by interview with
either their siblings or from their medical
records. Diagnosis was based on the
previously described criteria (Hart et al.
1998): (1) individuals were considered to
be affected if they demonstrated kerati-
nized gingival fibrous overgrowth cover-
ing at least one-third of the dental crowns
of a minimum of five teeth; (2) indivi-
duals should not be exposed to drugs
including phenytoin, cyclosporin A, nife-
dipine and other calcium-channel block-
ers; and (3) individuals should have no
systemic abnormalities of hypertrichosis,
epilepsy, progressive hearing loss or men-
tal retardation. After appropriate written
informed consent was obtained from
adults and the parents of children, venous
blood samples were collected from all
available family members. Gingival tis-
sues were obtained by gingivectomy from
the proband (individual V:1) at the Hos-
pital of Stomatology, Wuhan University,
China. Gingival specimens were fixed in
formaldehyde and embedded in paraffin.
Sections of 5 mm were stained with hae-
matoxylin and eosin (H&E), and viewed
by light microscopy. This study complied
with the Declaration of Helsinki Princi-
ples and was approved by the Hospital

and School of Stomatology, Wuhan Uni-
versity Committee on Ethics in Research.

Genotyping

Genomic DNA was extracted from per-
ipheral blood according to standard pro-
cedures using the QIAmp blood kit
(Qiagen, Hilden, Germany). The DNA
was quantified by spectrophotometry,
and diluted to a concentration of 50 ng/
ml for polymerase chain reaction (PCR)
amplification. All available 14 family
members were genotyped. We performed
a first round of search using only 12 short
tandem repeats polymorphism markers
covering four previously reported candi-
date regions: 2p21–22, 2p22.3–p23.3,
5q13–22 and 11p15. PCRs were carried
out in a 25ml volume with 50 ng of
genomic DNA, 20 pmol of each primer
(a fluorescent and an unlabelled primer in
each pair), 200 mM each dNTP, 10 mM
Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM
MgCl2, 0.01% gelatin and 1 U Taq
DNA polymerase (Takara, Dalian, China).
After the initial denaturation step at
951C for 5 min., the samples were pro-
cessed through 31 cycles of 951C for
30 s, 50–631C for 30 s and 721C for 30 s.
A final extension step was performed at
721C for 10 min. Following amplifica-
tion, PCR products were electrophor-
esed on an ABI PRISM 3100 Genetic
Analyzer (Applied Biosytems, Foster,
CA, USA). Genotyping data were col-
lected using the GeneMapper v 3.0 soft-
ware. The map order and intermarker
distances were based on the National

Fig. 1. The pedigree structure of the Chinese family with hereditary gingival fibromatosis is
shown. Affected individuals are shown as filled squares (males) or circles (females), and
normal individuals are indicated by open symbols. Deceased individuals are marked with
slashes. The proband is indicated by an arrow.
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Center for Biotechnology Information
(NCBI) build 36.3. To confirm the
exclusive mapping of these regions,
additional 10 high-density markers
were selected from the Marshfield Com-
prehensive human genetic maps (http://
research.marshfieldclinic.org/).

Linkage analysis

Inheritance of disease in the family was
modelled as an autosomal dominant,
two-allele system with 100% pene-
trance, 0.1% phenocopy rate. The
affected allele frequency was set as
0.0001 in compliance with other pub-
lished studies. Meiotic recombination
frequencies were considered to be equal
for males and females. Because we have
only a few founders available from this
family, we could not estimate the mar-
ker–allele frequencies from the family
data. Marker–allele frequencies were
thus determined to be uniformly distrib-
uted. Two-point linkage analysis was
performed by means of the MLINK
program within LINKAGE software
package v 5.0. For multipoint log of
the odds (LOD) scores as well as non-
parametric (NPL) analysis, we used
GENEHUNTER software v 2.1 on the
entire pedigree. An LOD or an NPL
score over 3 was considered to indicate
significant support of linkage and that
between 2 and 3 was considered as a
suggestive linkage. An LOD or an NPL
score below � 2 was considered to
indicate exclusion of linkage.

Results

Clinical findings

Of the large family investigated, 14
individuals received oral examinations
and six (three males, three females)
were found to be affected by enlarged
keratinized gingival tissues, with clear
evidence of both complete penetrance
and variable expression (Fig. 1). Gingi-
val enlargement was the cardinal symp-
tom emerging in infancy (average onset
age between 1 and 2 years old), with the
majority occurring during the first year
after birth. The exception was individual
III: seven, whose onset occurred at
about age 3. The proband (V:1) was 9
years old at our initial visit. His medical
history was remarkable in that he devel-
oped gingival enlargement at the age of
about 8 months. The intraoral examina-
tion revealed severe gingival fibromato-
sis with few permanent first molars and
maxillary incisors, which were partially

erupted. The pink, firm and dense over-
grown gingiva tissue could be seen in
both arches, preventing adequate lip
closure (Fig. 2a). There were no signs
of gingivitis. The primary teeth had
no mobility. Panoramic radiography re-
vealed the presence of all permanent
teeth; however, the physiologic root
resorptions of primary teeth were
delayed (Fig. 2b). The patient had been
biting and chewing on the gingiva. He
was treated surgically to remove the
excess gingival tissues. Specimens
stained with H&E revealed a well-struc-
tured squamous epithelium, but the rete
ridges were significantly elongated
apparently (Fig. 2c). These histological
findings are consistent with HGF and
similar to those reported in other
families. The mother (IV:6, 33 years)
and 10-month-old sister (V:2) were
also affected by signs of HGF. Exam-
ination of the mother showed that her
anterior removable denture was broken
and the gingiva had covered the vesti-
bule of the mouth. The 10-month-old
girl also showed gingival enlargement,
especially affecting the maxillary pos-
terior and tuberosities. Clinical prog-

nose for other patients (III:7, IV:10,
V:4) were favourable. They had been
gingival overgrowth-free after surgical
treatment at the age of 16–25 years. The
patients did not have any other systemic
findings, such as hypertrichosis, hearing
deficit or mental retardation.

Exclusion of the HGF loci

HGF occurring in this family was inher-
ited through an autosomal dominant
inheritance pattern, with male-to-male
transmission. Analysis therefore focused
on the four known HGF loci with the
following markers (from telomere to cen-
tromere): D2S162, D2S305, D2S2259,
D2S2368; D5S407, D5S647, D5S424,
D5S641, D5S428, D5S644, D5S433,
D5S2027, D5S471; D11S4046, D11-
S1338, D11S902 and D11S904. For
convincing exclusive mapping of chro-
mosome 2, all individuals were geno-
typed with a subset of high-density
markers (D2S168, D2S165, D2S367,
D2S391 and D2S337) that covered the
candidate interval. Using a fully pene-
trant dominant model, two-point link-
age analysis yielded strong negative

Fig. 2. Clinical characteristics of the proband in the Chinese family with hereditary gingival
fibromatosis. (a) Gingival overgrowth in the anterior facial area. Severe gingival enlargement
covering almost two-thirds of the clinical crowns. (b) The panoramic radiography revealed
the presence of all permanent teeth, but, prolonged retention and delayed root resorption of
the primary teeth. (c) Histologic morphology from gingival tissue of the proband showing the
increase in the amount of connective tissue, densely arranged collagen and significant
extension of the epithelial rete ridges (haematoxylin–eosin stain, magnification �10).
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LOD scores, which are summarized in
Table 1. Multipoint and non-parametric
linkage (NPL) analyses were also car-
ried out and the results are shown in Fig.
3a–c. Negative multipoint and NPL
LOD scores were obtained, excluding
these loci as a cause in this family. To
determine the recombination events
among the family members, haplotypes
were constructed and exclusion evidences
of segregation with the above loci were
confirmed (data not shown). Our data
thus suggest that a highly genetic hetero-
geneity and a novel locus contribute to
this early-onset form of HGF.

Discussion

HGF is a clinically and genetically
heterogeneous disorder (Takagi et al.
1991, Hart et al. 2000). It has been
defined as a slowly evolving condition,
but the early manifestations and subse-
quent clinical course are still unclear.
We described a Chinese family with
autosomal dominant inheritance. Histo-
logical examination of the HGF speci-
mens showed dense connective tissues,
which are mainly composed of accumu-
lation of excess collagen, relatively few
fibroblasts and blood vessels. The over-
lying epithelium is normal but is slightly
hyperplastic in some areas, with elon-

gated rete pegs extending into the cor-
neum (Fig. 2c). These findings are
similar to those reported for the HGF
family linked to chromosome 2p21
(Hart et al. 1998, 2000). The major
clinical characteristics, disease history
and histological examination support the
diagnosis of HGF, and the symptoms
seemed to vary between members, in
keeping with the broad heterogeneity.
Affected individuals of different ages in
the family allowed investigation of the
natural history of manifestation. HGF in
this family appeared in early childhood
(starting at around 1 or 2 years old),
worsened until puberty and stabilized
in adult age as a slowly progressive
disturbance. Age at onset and the evol-
ving course of HGF from infancy
to puberty were the main differential
clinical features compared with previ-
ously described pedigrees. Interestingly,
we noticed that another Chinese family
manifested with early-onset autosomal
dominant HGF was mapped on a novel
locus, GINGF2 (5q13–q22) (Xiao et al.
2001). The clinical signs described in
this family fit well with the classic HGF
and displayed histological outcomes
relatively identical to the description
seen in the family linking to GINGF2
and other HGF loci. Focusing on the
same ethnic origin, it is probable that the
two families with early-onset forms of

HGF have genetic and environmental
homogeneity. This makes it reasonable
to suppose that the additional gene(s)
involved in could be structurally and/or
functionally related. A genetic study is
needed to clarify the classification.

To date, it is difficult to distinguish
between the clinical phenotypes seen at
all dominant HGF loci without molecu-
lar genetic testing. We tested a total of
four known candidate genomic regions
on chromosomes 2p21–p22, 2p22.3–
p23.3, 5q13–q22 and 11p15 in the
family by linkage and haplotype analy-
sis. Nearly all markers, in particular
D2S367 and D2S391 on chromosome
2, D5S647 at chromosome 5, D11S1338
and D11S902 on chromosome 11,
yielded low LOD scores. These markers
were among the best markers in original
genome scan reports. NPL and multi-
point LOD scores at these loci did not
yield increased linkage. Because statis-
tically significant negative LOD scores
excluded linkage to these chromosome
regions, several conditions were con-
sidered: (1) HGF is easily misdiagnosed
for its varied clinical manifestations.
Hence, we rechecked all the clinical
data of the patients in this family. All
individuals affected were confirmed
according to standard diagnostic criteria.
They had isolated HGF without associa-
tion with other systemic conditions. (2)

Table 1. Two-point log of the odds (LOD) scores between the disease and candidate loci with a penetrance rate of 100% and a phenocopy rate of
0.1%

Loci (chromosome band) Markers Genetic distance
(cM)n

LOD score (y5)

0.0 0.01 0.05 0.1 0.2 0.3 0.4

GINGF (2p21–22) D2S162 20.03 � 4.61 � 2.04 � 1.19 � 0.77 � 0.36 � 0.16 � 0.06
D2S168 27.06 � 4.57 � 1.58 � 0.91 � 0.63 � 0.33 � 0.15 � 0.04
D2S305 38.87 � 3.96 � 1.60 � 0.86 � 0.53 � 0.23 � 0.10 � 0.04
D2S165 47.43 � 3.07 � 0.33 0.19 0.31 0.31 0.22 0.09
D2S367 54.96 � 4.52 � 1.79 � 0.85 � 0.46 � 0.15 � 0.06 � 0.03

GINGF3 (2p22.3–p23.3) D2S2259 64.29 � 5.31 � 2.49 � 1.37 � 0.80 � 0.29 � 0.09 � 0.03
D2S391 70.31 � 0.22 � 0.18 � 0.08 � 0.03 0.01 0.01 0.01
D2S337 80.69 � 9.00 � 4.46 � 2.76 � 1.91 � 1.02 � 0.53 � 0.21
D2S2368 85.48 � 9.57 � 3.29 � 1.77 � 1.09 � 0.46 � 0.17 � 0.04
D5S407 64.67 � 3.95 � 0.98 � 0.34 � 0.11 0.05 0.08 0.05
D5S647 74.07 � 5.81 � 1.43 � 0.70 � 0.40 � 0.15 � 0.05 � 0.01
D5S424 81.95 � 0.61 � 0.53 � 0.32 � 0.18 � 0.07 � 0.03 � 0.01

GINGF2 (5q13–22) D5S641 92.38 0.20 0.21 0.22 0.19 0.11 0.05 0.01
D5S428 95.40 � 3.42 � 0.69 � 0.1 0.07 0.14 0.11 0.06
D5S644 104.76 0.63 0.61 0.53 0.44 0.29 0.16 0.06
D5S433 111.97 � 4.87 � 2.15 � 1.13 � 0.65 � 0.23 � 0.07 � 0.02
D5S2027 119.50 � 4.14 � 1.34 � 0.65 � 0.36 � 0.10 � 0.00 0.02
D5S471 129.83 � 3.57 � 0.91 � 0.27 � 0.05 0.07 0.07 0.03
D11S4046 2.79 � 3.20 � 1.48 � 0.77 � 0.47 � 0.19 � 0.07 � 0.01

GINGF4 (11p15) D11S1338 12.92 � 4.22 � 0.66 � 0.07 0.11 0.15 0.09 0.03
D11S902 21.47 � 4.33 � 0.97 � 0.35 � 0.14 � 0.02 0.00 0.00
D11S904 33.57 0.25 0.24 0.20 0.15 0.08 0.03 0.01

nGenetic distance starts from the short arm telomere of each chromosome.
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Parametric linkage analysis could be
highly sensitive to misspecification of
the linkage model. A non-parametric an-
alysis was performed subsequently and
the results were in accordance with the
parametric analysis. (3) The unremark-
able LOD scores and NPL scores
obtained in this family may be a reection
of a small family size and uninformative
markers, and so another five markers
were added. The subsequent haplotype
analysis excluded the HGF locus from
the region of chromosomes 2, 5 and 11 as
well (data not shown). The absence of
linkage to the known loci associated with
HGF together confirms the genetic het-
erogeneity and implied the presence of a
different locus yet to be identified. The
increasing heterogeneity observed in
HGF was also evident from recent
SOS1 mutation screens. We have pre-
viously excluded the coding regions of

the SOS1 gene in three families (Ye et al.
2005). Although the GINGF locus has
historically been reported as the major
autosomal dominant locus for HGF (Hart
et al. 1998, Shashi et al. 1999, Xiao et al.
2000), mutations in SOS1 have been
shown to account for only one HGF
pedigree, suggesting that other unidenti-
fied genes may play a significant role in
this condition.

In conclusion, the current findings
demonstrated further genetic locus het-
erogeneity for HGF and suggest that the
phenotype in this family is caused by
another, yet unmapped, gene. Based on
this study and our earlier results, the
SOS1 gene and the GINGF locus are not
as important in the aetiology of HGF as
originally expected. This high heteroge-
neity of HGF would also explain at least
in part the paucity of limited success so
far in isolating causative genes. Consider-

ing the informative power of the recruited
family, a genome-wide scan approach
will likely result in the mapping of cau-
sative gene, thus facilitating the identifi-
cation of genetic background of this
disorder and other fibrotic processes.
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Clinical Relevance

Scientific rationale for the study:
HGF shows remarkable heterogene-
ity, with at least four loci implicated.
A Chinese family presenting with
early-onset HGF was investigated

and genotyped to prove or exclude
linkage of all known loci.
Principal findings: No linkage evi-
dence was found in two-point, multi-
point as well as non-parametric
linkage analysis to the tested loci.

Practical implications: The results
further confirmed the wide heteroge-
neity of HGF. Further evidence of
genetic heterogeneity segregating
with HGF.
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