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Differential effects of
estrogen on DNA synthesis
In human periodontal
ligament and breast cancer
cells

Jonsson D, Wahlin A, Idvall I, Johnsson I, Bratthall G, Nilsson B-O: Differential
effects of estrogen on DNA synthesis in human periodontal ligament and breast
cancer cells. J Periodont Res 2005, 40: 401-406. © Blackwell Munksgaard 2005

Background: It is important to clarify the biological function of the female sex
hormones estrogen and progesterone in periodontal ligament cells, as these hor-
mones may affect periodontal health. We have previously shown that human
periodontal ligament cells express estrogen receptor  (ERB) but not ERa, whereas
human breast cancer cells (MCF7) express both ERa and ERB. Data on prog-
esterone receptor (PgR) expression in human periodontal ligament cells have not
been reported.

Objectives: Determine PgR expression in human periodontal ligament and MCF7
cells and to investigate how estrogen affects DNA and collagen synthesis in these
two cell types showing different pattern of expression for ERa and B.

Methods: Periodontal ligament cells were obtained from the periodontal ligament
of premolars extracted for orthodontic reasons and MCF7 cells from the
American Type Culture Collection (ATCC). PgR expression was determined by
immunocytochemistry. DNA and collagen synthesis was determined by
[*H]thymidine and L-[*H]proline incorporation, respectively.

Results: PgR immunoreactivity was observed in nuclei of MCF7 but not perio-
dontal ligament cells. Treatment with estrogen (17f-estradiol, E,) at physiological
concentrations for 24 h stimulated DNA synthesis by more than two times in
MCEFT7 cells, whereas there was no effect on periodontal ligament cell DNA syn-
thesis. The ER blocker ICI 182780 fully reversed the stimulatory effect of E,. Not
only short-term (24 h) but also long-term (5 days) treatment with E, lacked effect
on DNA synthesis in periodontal ligament cells. Neither periodontal ligament cell
viability nor collagen synthesis was affected by E, treatment. Identical results were
observed in periodontal ligament cells from male and female subjects.

Conclusions: Human MCF7 but not periodontal ligament cells express PgR,
suggesting that progesterone via PgR affects MCF7 but not periodontal ligament
cells. Further, estrogen stimulates breast cancer MCF7 cell proliferation, whereas
it has no effect on proliferation of periodontal ligament cells, probably reflecting
cell type specific ER expression pattern in these two cell types.
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Two estrogen receptor subtypes, des-
ignated ERa and ERP, have been
identified (1-3). These receptors are
coded by individual genes and they
show a tissue specific expression pat-
tern (4-6). We have recently shown by
immunocytochemistry that human
periodontal ligament cells express ER3
but not ERa, whereas the human
breast cancer cell line MCF7 expresses
both ER subtypes, suggesting that
ERB in periodontal ligament cells and
ERa together with ERP in MCF7 cells
mediate estrogen-induced effects (7).
The different cellular expression of ER
subtypes in periodontal ligament and
MCEFT7 cells suggests that estrogen may
have different effects in these two cell
types. When investigating the effects of
female sex hormones on periodontal
ligament cell function, not only estro-
gen but also progesterone have to be
taken into consideration. To our
knowledge there are no reports on
progesterone receptor (PgR) expres-
sion in periodontal ligament cells.

The periodontal ligament is a con-
nective tissue, which is composed of
extracellular matrix and periodontal
ligament cells. The ligament connects
the tooth with the surrounding alveolar
bone tissue. The periodontal ligament
cells possess some osteoblast-like fea-
tures, e.g. production of the
bone-associated protein osteonectin, as
described by Somerman et al. (8).
Estrogen has been reported to stimu-
late bone formation capacity in cul-
tured periodontal ligament cells by
increasing alkaline phosphatase activ-
ity, the production of osteocalcin and
the formation of mineralized nodules
(9, 10). Estrogen might, however, also
affect other important biological
properties of periodontal ligament
cells, such as collagen synthesis and
growth. It is well known that estrogen
influences cellular proliferation in
many of its classical target tissues such
as uterus (4), but less information is
available regarding effects of estrogen
on cell-growth and protein synthesis in
non-classical target tissues such as
periodontal ligament tissue.

The aims of the present study were
to determine PgR expression in human
periodontal ligament and MCF7 cells
and to investigate how estrogen affects

DNA and collagen synthesis in these
two cell types showing different pattern
of expression for ERa and . We
determined PgR expression in human
periodontal ligament and MCF7 cells
by immunocytochemistry and elucida-
ted the effects of estrogen on DNA
synthesis and collagen formation by
measuring incorporation of radiola-
belled thymidine and proline.

Material and methods

Preparation of periodontal ligament
cells and experimental procedure

The periodontal ligament cells were
obtained from the root surface of pre-
molars extracted for orthodontic rea-
sons from four patients (two males and
two females) 13—15 years of age. The
patients and their parents were
informed and the parents gave written
consent. The study was approved by
the Human Ethical Committee at Lund
University, Lund, Sweden. The perio-
dontal ligament was gently scraped off
from the middle third of the root sur-
face to avoid contamination from the
gingival and apical tissues. The tissue
explants were transferred to cell culture
dishes with Dulbecco’s modified
Eagle’s medium supplemented with
antibiotics (penicillin 100 U/ml, strep-
tomycin 100 pg/ml), glutamine (1.16 g/
1) and 10% fetal calf serum. The dishes
were placed in a water-jacketed cell/
tissue incubator with 5% CO, in air.
Cells were allowed to migrate from the
explants and after reaching confluence
the cells were trypsinated (0.25%) and
reseeded at a density of 80,000 cells/ml.
Experiments were performed on sub-
confluent cells in passages 3-5. The
human breast cancer cell line MCF7
cells (ATCC, Manassas, VA, USA)
were cultured as the periodontal liga-
ment cells and used for experiments in
passages 13-15.

For immunocytochemistry the cells
were allowed to grow on polylysine-
coated glass coverslips. The normal
culture medium was exchanged for
phenol red-free culture medium con-
taining dextran-coated charcoal strip-
ped fetal calf serum before experiments
to remove the estrogen-like activity of
phenol red and the estrogens derived

from fetal calf serum. In order to have
the cells in the same phase of the cell
cycle, the cells were made quiescent by
omitting fetal calf serum from the cul-
ture medium for 24 h. Then the cells
were pre-treated for 2 h with or without
0.1, 10 or 100 nm 17B-estradiol (E,,
Sigma Chemicals, St. Louis, MO, USA)
and thereafter submaximal concentra-
tions (1 or 5%) of charcoal stripped fetal
calf serum was introduced. The ER
blocker ICI 182780 (kind gift from
Zeneca Pharmaceuticals, Macclesfield,
Cheshire, UK) was introduced 1 h be-
fore E, and was then present through-
out the incubation. Controls received
ethanol (< 0.1%) as vehicle. The
periodontal ligament and MCF7 cells
were treated with or without E, for 24 h.
In some experiments the cells were
treated with E, for 5 days.

Immunocytochemistry

The cells were fixed in a mixture of 2%
formaldehyde and 0.2% picric acid in
phosphate buffer (pH 7.2) followed by
rinsing in Tyrode’s solution with 10%
sucrose. The PgR antibody was a
monoclonal mouse anti-human PgR
antibody (DAKO, M3569, DAKO A/
S, Glostrup, Denmark) at dilution
1:50. This concentration was shown to
achieve optimal nuclear staining with
minimal unspecific staining. The cells
were stained using the APAAP proce-
dure. Counterstaining to delineate
nuclei was performed with Mayer’s
haematoxylin. For negative controls,
the PgR antibody was omitted. At each
staining, periodontal ligament and
MCEF7 cells were run in parallel. No
immunoreactivity was observed when
the PgR antibody was omitted.

Determination of DNA and collagen
synthesis

DNA and collagen synthesis was
determined by measuring the incor-
poration of  methyl-[*H]thymidine
(10 uCi, Amersham Biosciences Eur-
ope, Uppsala, Sweden) and L-[*H]pro-
line (10 pCi, Amersham) into newly
synthetized DNA and collagen,
respectively, during the last hour of
incubation with E, as described by
Liang et al. (11). Collagen synthesis



was not determined in MCF7 cells, as
these cells do not synthesize collagen
(12). The incubation with radiolabelled
thymidine and proline was stopped by
placing the flasks on ice. After wash-
ing, the cells were trypsinated and then
centifuged at 4500 g for 5 min at 4°C.
Thereafter, the cells were were soni-
cated in S mm NaOH for 2 x 10 s.
Aliquots of the homogenate was pre-
cipitated with 5% trichloroacetic acid
and centrifuged at 10,621 g for 2 min
at 4°C. After washing twice with tri-
chloroacetic acid the pellet was dis-
solved in soluene. Liquid scintillation
cocktail was added and radioactivity
measured in a liquid scintillation
counter (Beckman LS6500, Beckman
Instruments Inc., Fullerton, CA,
USA). Radioactivity was expressed as
d.p.m. and normalized to the total
protein concentration. Protein was
determined using Bio-Rad protein as-
say kit (Bio-Rad, Hercules, CA, USA)
based on the Lowry method (13).

Determination of cell viability with
trypan-blue exclusion test

Cell viability was determined by the
trypan-blue exclusion test. After
removing culture medium and washing
with 0.9% NacCl the cells were incu-
bated for 2 min with 0.4% trypan-
blue. The cells were then washed three
times to remove unspecific staining and
the number of cells that contained

A

Estrogen and periodontal ligament cells

trypan-blue was determined as a
measure of dead/dying cells.

Statistics

Values are presented as mean-
s = SEM. Student’s two-tailed r-test
for unpaired data was used to evaluate
statistical significance. P-values less
than 0.05 were regarded as statistically
significant.

Results

Immunocytochemistry

No nuclear PgR immunoreactivity was
observed in the periodontal ligament
cells (Fig. 1A). The staining shown in
Fig. 1 is from cells derived from a
female subject. Also periodontal liga-
ment cells from male subjects lacked
PgR immunoreactivity. In contrast to
periodontal ligament cells, the human
breast cancer cell line MCF7 cells ex-
pressed nuclear PgR immunoreactivity
(Fig. 1B).

Effects of estrogen on collagen and
DNA synthesis in periodontal
ligament cells

The effects of treatment with E, on cel-
lular collagen and DNA synthesis were
determined in periodontal ligament cells
derived from male and female subjects
stimulated with submaximal concen-
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trations (1 or 5%) of the well-known
growth promotor fetal calf serum. The
effects of E, on collagen and DNA
synthesis were identical whether the
cells were stimulated with 1 or 5% fetal
calf serum. As seen in Fig. 2A, treat-
ment with 100 nm E, for 24 h had no
effect on collagen synthesis.

Treatment with E; (100 nm) for 24 h
had no effect on DNA synthesis
(Fig. 2B). Also, at lower concentrations
(0.1 and 10 nm) E, had no effect on
DNA synthesis. Long-term (5 days)
treatment with 10 nm E, caused no
change in DNA synthesis compared to
controls (15629 + 6437 d.p.m. per mg
proteinin controlcells vs. 15583 + 6912
d.p.m. per mg protein in E, treated cells,
n = 3 in each group). Identical results
were observed in cells derived from male
and female subjects. Trypan-blue
exclusion test showed very few trypan-
blue containing periodontal ligament
cells both in control and E, treated
(100 nm) culture flasks, suggesting high
cell viability. No difference was
observed between control cells and cells
treated with E,, showing that E, has no
effect on periodontal ligament cell
viability via an unspecific toxic effect.

Effects of estrogen on DNA
synthesis in MCF7 cells

In MCF7 cells, treatment with 100 nm
E, for 24 h enhanced the fetal calf
serum (1%) induced proliferation by

Fig. 1. Human periodontal ligament cells lack nuclear progesterone receptor (PgR) immunoreactivity (A). In contrast to periodontal ligament
cells, the human breast cancer cell line MCF7 cells show nuclear PgR immunoreactivity (red-stained nuclei in B). The cells were immuno-
stained with a PgR antibody at dilution 1:50 (monoclonal mouse anti-human PgR antibody, DAKO, M3569). These periodontal ligament
cells are derived from a female subject. Identical results were obtained in cells from male subjects. Bar in A represents 20 um (for A and B).
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Fig. 2. Effects of treatment with 17B-estradiol (E,, 100 nm) for 24 h on collagen (A) and
DNA (B) synthesis in human periodontal ligament cells. The cells were derived from both
male and female subjects. Collagen synthesis was determined as [*H]proline incorporation
into newly synthetized collagen, whereas DNA synthesis was determined as [°H]thymidine
incorporation into newly synthetized DNA. Radioactivity was determined as d.p.m. and
normalized to total protein concentration. Control values were set to 100%. Values are
means = SEM of 6-10 determinations in each group. NS = no significant difference.

more than two times (Fig. 3). The
effect of E, was fully blocked by the
pure and specific ER  blocker
ICI 182780 (10 um), showing that
E,-induced stimulation of proliferation
is ER dependent (Fig. 3). In fact,
co-incubation of E, with ICI 182780

reduced DNA synthesis below the
control level, suggesting that fetal calf
serum stimulated breast cancer cell
proliferation involves ER regulated
mechanisms and pathways. Also at a
lower (10 nm) concentration E, aug-
mented DNA synthesis (6785 + 515

d.p.m. per ng protein in control cells
vs. 18419 + 2974 d.p.m. per ng pro-
tein in E, treated cells, » = 3 in each
group, p < 0.05).

Discussion

Periodontal ligament cell function may
be affected by the female sex hormones
estrogen and progesterone. We have
recently reported that human perio-
dontal ligament cells express ERf but
not ERa, whereas human breast cancer
cell line MCF7 expresses both ERa
and ERP (7). These data suggest that
estrogen influences functional proper-
ties of periodontal ligament and MCF7
cells via the ERP and ERo/ERB,
respectively. In the present study we
show that the estrogen E, at physio-
logical concentrations stimulates DNA
synthesis in MCF7 cells, whereas it has
no effect on periodontal ligament cell
DNA synthesis. E; activates both ERa
and ERP (14, 15), and thus by using
this ligand, we cannot discriminate
between ERo and ERP mediated
effects. The difference in proliferation-
response to estrogen between MCF7
and periodontal ligament cells prob-
ably reflects different cellular distribu-
tion of ER subtypes.
smooth muscle cells, another cell type
with specific expression pattern of ERa
and ERP (16-20), estrogen has been
reported to inhibit proliferation
(21-23). These different effects of
estrogen on growth, reported in dif-
ferent cell systems, might be attributed
to different tissue distribution of ERa
and ERP. However, it cannot be
excluded that other tissue specific
mechanisms are also involved.

In the present study, we demonstrate
nuclear PgR immunoreactivity in
MCF7 but not in periodontal ligament
cells, suggesting that MCF7 but not
periodontal ligament cells are under
the influence of progesterone via the
PgR. In previous studies MCF7 cells
have been reported to express PgR
(24-27), whereas no data on PgR
expression in human periodontal liga-
ment cells have been reported. Kawa-
hara and Shimazu (27) have reported
that  occasional human gingival
fibroblasts contain nuclear PgR
immunoreactivity, whereas others are

In vascular
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Fig. 3. Treatment with 17f-estradiol (E,, 100 nm) for 24 h caused a pronounced stimulation
of DNA synthesis (d.p.m. per ng protein) in human breast cancer cell line MCF7 cells.
Co-incubation of E; and the pure ER blocker ICI 182780 (ICI, 10 pm) fully reversed the
effect of E,. Values are means = SEM of three determinations in each group.

PgR negative. Our data and those
reported by Kawahara and Shimazu
thus suggest that PgR expression is
absent in human periodontal ligament
cells and low in gingival fibroblasts,
and that cellular distribution of PgR
may vary somewhat between cells from
different oral tissues originating from
the same germ layer.

Estrogen has been suggested to
influence the periodontal tissues and
the development of periodontal disease
(28). During pregnancy, which is
associated with high level of estrogen
in plasma, and after menopause, which
is associated with low level of estrogen
in plasma, periodontal tissue proper-
ties are affected. Many pregnant wo-
men develop gingivitis and after
menopause changes in periodontal tis-
sue structure occur that may affect
tooth attachment (28). The mecha-
nisms responsible for these changes are
not fully known. Periodontal ligament
cells and also other cell types in the
periodontal tissues may be involved.

The results presented by us in the
present study show that estrogen has
no effect on periodontal ligament cell
collagen and DNA synthesis. Estrogen
has been reported to lack effect on
collagen synthesis in rat periodontal
ligament demonstrated in an in vivo
system (29). Thus, both our study and

that by Dyer et al. (29), performed in
different experimental systems, suggest
that estrogen lacks effect on collagen
synthesis in periodontal ligament tis-
sue. In rat embryonic fibroblasts and
skin fibroblasts, estrogen has been
reported to stimulate collagen synthe-
sis (30, 31), whereas estrogen has been
reported to attenuate collagen synthe-
sis in vascular smooth muscle cells (32).
Taken together these data suggest that
the effects of estrogen on collagen
synthesis are cell/tissue specific.

The genes regulated by the estrogen—
ER complex in periodontal ligament
cells remain to be identified in order to
understand how estrogen can influence
periodontal function and health. Based
on the data presented in this study we
conclude that these genes are probably
not associated with periodontal liga-
ment cell proliferation and collagen
formation.
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