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Molecular and cellular mechanisms of IL-1 effect on cellular aging in human

periodontal fibroblasts
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Abstract

Human diploid fibroblasts (HDFs) are
the major components of gingival connective
tissues and play pivotal roles in maintaining
the functional integrity of gingival tissues.
The lifespan of HDFs before senescence in
vifro is inversely proportional io the age of
the donor in vivo, suggesting that cellular
senescence in vitro teflect aging in vivo.
Recently, age-associated  increases in
production of Interleukin-1 (IL-1; IL-1aand
[L-1B) have been reported to be correlated
with overexpression of IL-1-induced genes in
late-passage HDFs obtained from young
tissue donors and in early-passage of HDFs
obtained from old tissue donors. These IL-1-
induced  genes  including collagenase,
stromyelysin and a scarvenger enzyme of
anion, manganese superoxide dismutase {Mn
SOD).

Though, there are increasing
evidences of the biological significance of
age-associated IL-1 in HDFs in vitro, there 1s
litle koown about the underlying



mechanisms of its effects. The goal of this
grant application is to characterize the roles
of age-associated IL-1p in the regulation of
biological aging and celiular proliferation in
HGFs, and to understand the underlying
molecular mechanisms. To do this, we
analyzed the production of IL-1B and in
young- and late-passage cells of non-
transformed HGFs, vector-transfected HGFs
and Ril-transfected HGFs. Then, we
compared the proliferation rate of cell in
these HGFs.  Finally, to investigate the
molecular mechanisms of the effects of age-
associated IL-1f on HGFs, we examined the
expression of hsp 27 and the senescence-
related genes in these HGFs by reverse
transcriptase- polymerase chain reaction (RT-
PCR).

The data showed a decreased
proliferation rate of the Rll-transfected GF
than that of the vector-transfected GF. As the
cell grew older, an increased gene expression
of MnSOD and stromyelysin were detected in
late-passage GF. Although there was no
significant difference in the expression of
these genes in Ril-transfected GF and the
vector-transfected GF, an increased basal
level of hsp 27 in Ril-transfected GF was
detected. These results suggest that IL-1RII
- overexpressing on GF might play a role in
regulation of cell proliferation, but the
underlying mechanisms of this regulation
need to be further investigated.

Keywords: type Il Interleukin-1
receptor, aging fibroblasts, magnaese
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Age 1s considered as a correlate rather
than a risk factor of periodontal disease (1).
Prevalence of clinical loss of attachment and
gingival recession increased with age (2).
Age was also positively associated with
alveolar bone loss in periodontal patients (3).
However, the question of why periodontal
disease is more severe in elderly people is not
completely answered and is still open for
further investigations.

2

Human diploid fibroblasts (HDFs)
are major components of gingival connective
tissues and play pivotal roles in maintaining
the functional integrity of gingival tissues.
HDF's have a limited capacity to proliferate in
culture (4, 5). After 20-60 population
doublings, HDFs undergo a process called
cellular senescence. The number of cell
divisions before the onset of senescence is
inversely correlated with the age of tissue
donors, suggesting that cellular senescence i
vitro reflect aging in vivo (4,5). Because of
their limited proliferation, HDFs have been
used as a model for in vitro study of aging
6).

Recently, age-associated increases
in production of Interleukin-1 (IL-1; IL-
locand IL-1B) have been reported to be
correlated with overexpression of IL-1-
induced genes in late-passage HDFs obtained
from  young tissue  donors (7-9).
Overexpression of these IL-1-induced genes
including collagenase, stromyelysin and a
scarvenger enzyme of anion, manganese
superoxide dismutase (Mn SOD), were also
found in early-passage of HDFs obtained
from old tissue donors (8,10). The reports
from in vivo or in vitro studies demonstrated
that aging is associated with changes in
expression of genes that are involved in
inflammation  and  connective  tissue
remodeling. Overexpression of these genes in
late-passage fibroblasts might change the
phenotype of these cells during aging and
play roles in the decline of brological
functions in aging human fibroblasts.

While  there are increasing
evidences of the biological significance of
age-associated [L-1 in aging human
fibroblasts in vitro, there is little known about
the underlying mechanisms of its effects.

Since there is little information
available on the age-associated IL-1pB in the
regulation of biological aging and cellular
proliferation in human gingival fibroblasts
(HGFs), the present study was designed to
investigate the effects of age-associated IL-1 B
on the cellular proliferation, and the
underlying molecular mechanisms. To do this,
we analyzed the production of IL-1B in



young- and late-passage cells of non-
transformed HGFs, vector- transfected HGFs
and type II IL-1R overexpression HGFs (RII-
transfected  GF).  Then, by using
overexpression of type II IL-1R to antagonize
the effects of age-associated IL-1B, we
compared the cellular proliferation in these
HGFs. Finally, to investigate the molecular
mechanisms of the effects of age-associated
IL-1B on HGFs, expression of hsp 27, which
is the early event of IL-1 signal transduction
and might be related to cellular proliferation
(11), was analyzed by immunoblot. Also,
expression of the senescence-related genes in
these HGFs was analyzed by reverse
transcriptase- polymerase chain reaction (RT-
PCR).

E~EREHEYS

In the present study, all experiments
were done on one strain of 3 separated clones
of each non-transfected, vector-transfected,
and RIl-transfected HGFs,

We first overexpressed type II IL-1R
to antagonize the effects of age-associated IL-
1 on HGFs. HGFs were obtained from
biopsies of the attached gingiva of a 19-years
old  volunteer with clinically and
radiographically normal periodontal tissucs.
HGFs were transfected, selected and cloned
as previously described (12-14). Positive
clones with type II IL-IR overexpression
were screened by RT-PCR at mRNA level.
Type I IL-1R overexpression at protein level
was confirmed by immunostaining with a
monoclonal anti-human type II IL-1R
antibody.

After the establishment of positive
clones of Rll-transfected GF, the production
of age-associated IL-1B increases in late-
passage HGFs were determined using
enzyme-linked immunosorbent assay (ELISA)
kits purchased from R & D system. The data
showed that the levels of age-associated IL-1
increased in the late-passage HGFs.

Comparisons of the effects of age-
associated IL-1 on the proliferation of HGFs
in vitro were performed by utilizing [*H]

thymidine incorporation and cell counting in3

a Coulter counter. The data showed that RIi-
transfected GF showed a decreased cellular
proliferation than vector-transfected GF
(figure 1). However, the data of PH]
thymidine  incorporation  showed no
significant difference between Rli-transfected
GF¥ and vector-transfected GF without
stimulation. The effect of IL-1B on the
inhibition of [*H] thymidine incorporation
was more prominent in vector-transfected GF
than Rll-transfected GF (figure 2).

To investigate the underlying
mechanisms of age-associated IL-1 effected
changes of the cellular proliferation of HGFs
in vitro. We analyzed the expression of IL-18-
induced genes that is senescent-related by

Teverse  transcriptase- polymerase  chain
reaction (RT-PCR).
Increased gene expression of

MnSOD and stromyelysin were detected in
late-passage GF (figure 3). There is no
significant difference between the gene
expression in Rll-transfected GF and Vector-
transfected GF. However, in the RII-
transfected GF, an increased basal level of
hsp 27 expression was detected.

Theses results suggest that IL-1RII
overexpressing on GF might play a role in
regulation of cell proliferation, but the
underlying mechanisms of this regulation
need to be further investigated.
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of gingival fibroblasts was inhibited by type
I Interleukin-1 receptor gene transfer.
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Fig.l. Compare cellular proliferation by cell
counting in Coulter counter. RIl-transfected GF
(clone 2-1, 4-3) and Vector-transfected GF (clone 1-
I, 5-6) were plated in 6-well plate at a density of
40000 cells per well. After cells were seeded, cells
were trypsinized and counted in Coulter counter at

indicated time. (Mean + S.E.; * p<0.05)

Fig.2. Compare cellular profiferation by utilizing (*H]
thymidine incorporation. Non-transfected GF(F69F),
Rll-transfected GF (clone 2-1, 4-3) and Vector-
transfected GF (clone 1-1, 5-6) were plated in 24-well
plate at a density of 20000 cells per well. After cells
have grown to 70-80% confluency, they were
rendered quiescent by incubation for 24hr in DMEM
containing 0.5%FCS. During the last 3 hr of the 24 hr
incubation , cells were labeled with [methyl-’H]

thymidine at 1uCi/ml. (Mean + S.E.; * p<0.05)

Fig.3 RT-PCR analysis of gene expression in

Mo um e B-actin
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GF(B), and Rll-transfected GF (C). Cells were
MnSOD
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-aci - RNAs from cells were extracted with TRlzol
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Reagent and reverse transcribed to cDNA.1/10
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of the cDNA obtained was amplified for each
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mRNA to obtain DNA fragments.
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