
Gingival connective tissue represents a
complex environment where different cell
types occur (23, 25, 27). After the perma-
nent antigenic challenge induced by the
bacterial biofilm, cells that are not oblig-
atory residents start to infiltrate the tissue.
The result is a diverse repertoire of cells

including macrophages, neutrophils, T
cells, and B cells (46, 55). The number
of infiltrating cells depends on the degree
of antigenic challenge. Before cells of the
acquired immune response can be acti-
vated and become established in the
tissues, cells such as epithelial and con-

nective tissue cells are stimulated to pro-
duce the signals necessary to activate the
immune response (7, 19, 22, 32, 43, 50).
The main connective tissue cell of the
gingiva is the gingival fibroblast, a cell that
is not only capable of synthesizing
connective tissue matrix components but
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Introduction: The purpose of this study was to determine the profile of inflammatory
cytokines that are produced after in vitro infection of gingival fibroblasts with human
cytomegalovirus (HCMV).
Materials and methods: Gingival fibroblasts were infected with the Towne strain of
HCMV and the cytokine profile in the supernatant was studied using a human
inflammation antibody array. Expression of messenger RNA (mRNA) using reverse
transcription–polymerase chain reaction for interleukin-1b (IL-1b) and tumor necrosis
factor-a (TNF-a) was also analyzed in infected gingival fibroblasts and gingival
specimens from subjects with and without periodontitis according to HCMV detection.
HCMV was determined in subgingival samples by nested polymerase chain reaction.
Results: Gingival fibroblasts produced mainly IL-1a, IL-12p40, IL-12p70, IL-6, TNF-a,
and IL-1b after HCMV infection. Expression of mRNA for IL-1b and TNF-a was
increased after HCMV infection. Production of IL-1b and TNF-a was increased in
HCMV-positive periodontitis specimens. In addition, infected gingival fibroblasts
produced more IL-8, monocyte chemoattractant protein 1, macrophage inflammatory
proteins 1a, and 1b over time postinfection in comparison to baseline. The lowest
production of all cytokines studied corresponded to IL-2, IL-4, IL-13, and interferon-c. A
decreasing production pattern was observed for granulocyte–macrophage colony-
stimulating factor, IL-7, and IL-17 while IL-11 and macrophage colony-stimulating factor
were increased at 72 h postinfection.
Conclusions: HCMV infection in gingival fibroblasts upregulated the production of
proinflammatory-related cytokines and chemokines. The expression of IL-1b and TNF-a
was increased both in vitro and in specimens from HCMV-positive subjects with
periodontitis. The overproduction of proinflammatory cytokines and chemokines as a
result of viral infection should be considered an important pathogenic mechanism linking
HCMV to periodontitis in vivo.
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also able to respond to bacterial antigens
and other stimuli like cytokines (38, 44).
Studies have determined that the gingival
fibroblasts express Toll-like receptors and
CD14, which confirms their capacity to
respond to lipopolysaccharide (3, 31, 40,
51, 53). Other studies have found that they
express receptors for innate cytokines like
interleukin-1a (IL-1a), IL-1b, and tumor
necrosis factor-a (TNF-a) (11, 34, 35, 48).
Moreover, the gingival fibroblasts play an
important role in inflammatory responses
in the periodontal connective tissue be-
cause they also produce cytokines (5, 24).
Many of the immune processes implicated
in the periodontal bone and connective
tissue loss observed in periodontitis could
be, in part, regulated by gingival fibro-
blasts.
As discussed above, gingival fibroblasts

respond to bacterial challenge and to stim-
ulus from the host by producing cytokines.
As investigations have advanced, some
herpes viruses have been pointed out as
potential pathogens in periodontal disease.
The human cytomegalovirus (HCMV) is
perhaps the most important virus impli-
cated (42). Studies have found that infec-
tion with CMV (human and murine) results
in cytokine production by microglias and
macrophages (9, 39). Considering that the
gingival fibroblast is a susceptible cell for
infection with HCMV, this study deter-
mined the profile of the inflammatory
cytokines produced after in vitro infection
of gingival fibroblasts with HCMV.

Materials and methods

The study protocol was revised and
approved by the Institutional Review
Board for Human Research of the Uni-
versidad del Valle (Cali, Colombia)
according to the Helsinki Declaration of
1975, as revised in 2000. When human
gingival biopsies were used, previous
authorization and signature of a written
informed consent was obtained from
patients with periodontitis referred to the
dental clinics of the School of Dentistry at
the Universidad del Valle between January
2006 and April 2007.

Gingival fibroblasts

Gingival fibroblasts were obtained from
connective tissue from a periodontally
healthy donor during a crown-lengthening
procedure. A 3-mm sample of connective
tissue was cut into smaller pieces using a
scalpel blade and immediately placed in a
25-cm2 culture flask (Falcon, Becton
Dickinson Labware, Franklin Lakes, NJ)

with 3 ml a-minimal essential medium (a-
MEM) supplemented with 10% fetal
bovine serum (FBS). The flask was incu-
bated at 37�C in 5% CO2. After 1 week,
the medium was replaced with 5 ml fresh
medium and the culture flask was observed
daily for cell growth around the tissue.
When fibroblasts were growing out of the
connective tissue, the pieces of connective
tissue were carefully removed from the
flask and incubated until cell confluency
was reached. Medium was replaced every
3 days during this time. When the cells
reached 90% confluency, they were de-
tached by trypsin treatment (0.25%),
washed with a-MEM supplemented with
10% FBS, and split apart into 25 cm2

culture flasks. Gingival fibroblasts were
cultured by repeated passages and every
2 weeks, a stock of gingival fibroblasts
was frozen in liquid nitrogen for future
experiments. Cells between passages 10
and 13 were used in the experiments.

Virus

HCMV Towne strain was used in all in
vitro experiments. To produce a stock of
virus, gingival fibroblasts grown in a 25-
cm2 culture flask were infected with a
dilution of 10)6 of the original virus and
incubated with a-MEM supplemented with
10% FBS at 37�C and 5% CO2. Superna-
tant was replaced with fresh medium once
a week and the infected cells were main-
tained until a 100% cytopathic effect was
observed (approximately 2 weeks). At this
time, supernatant was collected and stored
at )70�C as the viral stock to be used in all
the experiments. Cells were detached by
trypsin treatment, washed with a-MEM
supplemented with 10% FBS, and stored
in liquid nitrogen for future experiments.
To determine the concentration of virus

in the stock, three aliquots of the superna-
tant were quantified by real-time polymer-
ase chain reaction (PCR) using a
commercial kit (LC CMV kit, Roche
LightCycler version 2.0; Roche Diagnos-
tics, Indianapolis, IN). The final viral stock
contained 710,000 copies of HCMV/ll
and was used for the experiments.

In vitro infection of gingival fibroblasts

Gingival fibroblasts (100,000 cells/ml)
were seeded in six-well plates (Falcon,
Becton Dickinson Labware) and main-
tained in a-MEM supplemented with 10%
FBS, at 37�C and 5% CO2 until 100%
confluency was observed. At this point,
medium was replaced with a-MEM
supplemented with 2% FBS and the plates

were incubated for 24 h; medium was then
changed for fresh a-MEM supplemented
with 2% FBS and 50 lg/ml ascorbic acid
(Sigma, St Louis, MO) and the plates were
incubated for another 24 h (baseline).
For infection, 10-fold serial dilutions of

the viral stock were prepared in a-MEM.
Supernatants were removed from the cell
culture plates and 500 ll of each virus
dilution containing either 35.5 · 105

(71,000 copies/ll), 35.5 · 104 (7100 cop-
ies/ll), 35.5 · 103 (710 copies/ll), or
35.5 · 102 (71 copies/ll) viral copies
were added per well. The final density of
gingival fibroblasts before infection was
750,000 cells. Plates were incubated at
37�C in 5% CO2 for virus adsorption for
1 h and then 2.5 ml a-MEM supplemented
with 2% FBS was added to each well and
the plates were incubated for 12, 24, and
72 h. As a non-infected control, gingival
fibroblasts were detached and collected at
baseline and total RNA was purified
immediately and used for messenger
RNA (mRNA) analysis. Supernatant was
collected at the indicated times and used
for cytokine profiling. An additional con-
trol included cells that were inoculated
with ultraviolet (UV)-inactivated HCMV
(71,000 copies/ll, 35.5 · 105). For UV
inactivation, 2 ml of the viral dilution
was exposed to UV light (there was a
3 cm distance between the UV lamp and
the virus) in a 10-mm sterile plate dish, for
20 min. The inactivated virus was then
used to infect gingival fibroblasts, which
were incubated for 72 h. Exposure to UV
light affects the infectivity of the virus.
Viral infection was verified by immuno-
fluorescence assay of infected cells (anti-
HCMV pp72) (52) at the various experi-
mental time-points (0, 12, 24, and 72 h
postinfection). All experiments were per-
formed three times.

Cytokine profiling

To determine the profile of cytokine pro-
duction from gingival fibroblasts infected
with HCMV, a human inflammation anti-
body array was used (RayBiotech, Nor-
cross, GA) according to the instruction
manual. Supernatant from cultured gingi-
val fibroblasts was collected at baseline
(0 h, non-infected gingival fibroblasts) and
at 24 and 72 h postinfection with
71,000 copies of HCMV/ll (explained
above). The list of cytokines studied using
this technique is presented in Table 1. The
principle of the method comprised a
membrane that was coated with specific
antibodies for each cytokine forming an
array. After blocking the membrane, the
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sample was added and incubated at room
temperature. Cytokine detection was com-
pleted by incubation with a biotinylated
antibody followed by horseradish peroxi-
dase-conjugated streptavidin. Signals were
detected by exposing the membrane to an
autoradiography film for 10 s (KODAK
X-Omat LS Film; Kodak, Rochester, NY).
The exposed film was developed in an
automated radiography film processor
(Gendex, Lake Zurich, IL). Developed
membranes were scanned and the intensity
of the spot signals was analyzed using an
open-source public software according to
the instruction manual (ImageJ; National
Institutes of Health, Bethesda, MD).

Total RNA purification

Gingival fibroblasts were detached at the
indicated times: 0, 12, 24, and 72 h
postinfection and total RNA was immedi-
ately isolated from the cell pellet. A
commercially available kit for RNA puri-
fication was used according to the manu-
facturer’s instruction protocol (QIAmp
RNA blood mini kit; Qiagen, Valencia,

CA). To avoid DNA carryover, DNase
treatment was included in the protocol
following the instructions of the manufac-
turer (RNase-free DNase set; Qiagen,
Valencia, CA). Total RNA was quantified
using a fluorometer (Qubit fluorometer;
Invitrogen Corp., Carlsbad, CA, USA) and
an RNA quantification kit (Quant-iT RNA
Assay kit, Invitrogen Corp.). RNA was
stored at )70�C for reverse transcription–
PCR (RT-PCR).

RT-PCR

To determine the levels of mRNA
expression of IL-1b and TNF-a in

HCMV-infected fibroblasts, semi-quanti-
tative RT-PCR was performed. Primer
sequence and amplification temperature
are depicted in Table 1. Primer sequences
(Table 2) were used from previous pub-
lications (16, 54) based on GenBank
accessions spanning exon–exon conjunc-
tions and were non-reactive to genomic
DNA.
Complementary DNA (cDNA) was

synthesized using 3 ng total RNA through
a reverse transcription reaction. The first
strand was synthesized using 1 ll oli-
go(dT) primer (Promega, Madison, WI),
2.75 ll Diethylene Pyrocarbonate (DEPC)
water, and 3 ng total RNA and was
incubated at 72�C for 5 min and imme-
diately chilled on ice. A reverse tran-
scription master mix was prepared using
4 ll buffer 5·, 1 ll 10 mm dNTPs,
0.25 ll RNasin, and 1 ll AMV reverse
transcriptase (all Promega, Madison, WI).
After primer annealing, 6.25 ll of the
master mix was added to each vial and
programmed in a thermocycler (Peltier
Thermal cycler, MJ Research, BioRad,
Hercules, CA) at 42�C for 1 h and 95�C
for 5 min. After reverse transcription,
each cDNA was adjusted to 100 ll using
DEPC-treated water and stored at )20�C
for PCR analysis.
A 45-ll PCR mix per tube was prepared

as follows: 34.75 ll PCR grade water, 5 ll
buffer 10· (Promega), 2.5 ll of 2.5 mm

dNTPs (Promega), 0.5 ll primer mix, 2 ll
of 25 mm MgCl2 (1.0 mm), 0.25 ll of
5 U/ll Taq polymerase (Promega), and
5 ll cDNA. MgCl2 concentration was
optimized for each PCR product and
varied as shown in Table 1. Standard
PCR conditions were set to: 95�C for
1 min, 35 cycles corresponding to 94�C
for 45 s, 58�C for 45 s (annealing temper-
ature varied according to product, Ta-
ble 1), and 72�C for 1 min; a final step
of 72�C for 5 min.
Amplification products were electropho-

resed in 2% agarose gel stained with
ethidium bromide, and were observed
and photographed in a UV transillumina-
tor. PCR product band intensity was
analyzed using the ImageJ software.

Table 1. List of human inflammatory cytokines studied by antibody array (RayBiotech)

Cytokine Name Cytokine group

G-CSF Granulocyte colony-stimulating factor Growth factors
GM-CSF Granulocyte–macrophage colony-stimulating factor Growth factors
ICAM1 Intercellular adhesion molecule 1 Integrins
IFN-c Interferon-c Acquired
I-309 Immune-associated nucleotide Chemokine
IL-1a Interleukin-1a Innate
IL-1b Interleukin-1b Innate
IL-2 Interleukin-2 Acquired
IL-3 Interleukin-3 Growth factors
IL-4 Interleukin-4 Acquired
IL-6 Interleukin-6 Innate
IL-6sR Interleukin-6 soluble receptor Innate
IL-7 Interleukin-7 Growth factors
IL-8 Interleukin-8 Chemokine
IL-10 Interleukin-10 Acquired
IL-11 Interleukin-11 Growth factors
IL-12p40 Interleukin-12 subunit 40 Innate
IL-12p70 Interleukin-12 subunit 70 Innate
IL-13 Interleukin-13 Acquired
IL-15 Interleukin-15 Innate
IL-16 Interleukin-16 Chemokine
IL-17 Interleukin-17 Growth factors
IP-10 Interferon-inducible protein Chemokine
MCP-1 Monocyte chemoattractant protein-1 Chemokine
MCP-2 Monocyte chemoattractant protein-2 Chemokine
M-CSF Macrophage colony-stimulating factor Growth factors
MIG Monokine induced by interferon-c Chemokine
MIP-1a Macrophage inflammatory protein-1a Chemokine
MIP-1b Macrophage inflammatory protein-1b Chemokine
MIP-1d Macrophage inflammatory protein-1d Chemokine
RANTES Regulated on activated normal T-cell expressed and secreted Chemokine
TGF-b1 Transforming growth factor-b1 Acquired
TNF-a Tumor necrosis factor-a Innate
TNF-b Tumor necrosis factor-b Innate
sTNF-RI Tumor necrosis factor soluble receptor I Innate
sTNF-RII Tumor necrosis factor soluble receptor II Innate
PDGF-BB Platelet-derived growth factor Growth factors
TIMP2 Tissue inhibitor of metalloproteinases 2 Anticollagenase

Table 2. Primer sequence and polymerase chain reaction amplification conditions for interleukin-1b
(IL-1b) and tumor necrosis factor-a (TNF-a)

Product/cytokine Primer sequence 5¢–3¢
Amplicon
size (bp)

Annealing
temp. (�C)

MgCl2
(mm)

IL-1b F-ATAAGCCCACTCTACAGCT
R-ATTGGCCCTGAAAGGAGAGA

443 50 1.5

TNF-a F-TCGGGCCAATGCCCTCCTGGCCAA
R-GTAGACCTGCCCAGACTCGGCAAA

468 50 1.5

GAPDH F-CGTCTTCACCACCATGGAGA
R-CGGCCATCACGCCACAGTTT

220 58 2
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Gingival specimens

To measure the expression level of mRNA
expression of IL-1b and TNF-a in healthy
and diseased periodontal tissues, RT-PCR
was performed in gingival biopsies from
periodontitis patients and healthy donors.
Determination of HCMV in subgingival
samples from each patient was performed
according to Parra and Slots (37) and
Contreras and Slots (12).
In total, gingival biopsies were obtained

at baseline during clinical examination
from 14 patients with periodontitis
(HCMV-positive = 10, HCMV-nega-
tive = 4) and three non-periodontitis pa-
tients (HCMV-negative = 3). Subject and
clinical information for gingival specimens
were as follows: for HCMV-positive sam-
ples: mean age 40.3 years, probing depth
7.26 mm, clinical attachment level
7.50 mm; HCMV-negative samples: mean
age 43.3 years, probing depth 7.06 mm,
clinical attachment level 7.01 mm; and
non-periodontitis samples: mean age
30.8 years, probing depth 2.03 mm, clin-
ical attachment level 1.15 mm.
Biopsies from periodontitis patients

included a 3-mm bevelled incision in the
palatal side of the maxillary teeth at a
location that was intensively inflamed and
had pocket depth >5 mm. Specimens from
non-periodontitis subjects, were collected
during mandatory periodontal surgery for
prosthetic reasons. The difference from
periodontitis patients was that gingival
tissues had no apparent signs of inflam-
mation and no periodontitis was diag-
nosed. All specimens were collected in
microcentrifuge vials and immediately
flash frozen in liquid nitrogen and before
being stored at –70�C for analysis.
Total RNA was purified using a com-

mercially available kit (RNeasy Fibrous
Tissue Mini kit; Qiagen). To avoid DNA
carryover, DNase treatment was included
in the protocol and the instructions of the
manufacturer were followed (RNase-Free
DNase set, Qiagen). Total RNA was
quantified, stored and analyzed as ex-
plained above.

Data analysis

The signal intensity of each spot was
adjusted to the corresponding internal
control provided in each membrane by
the manufacturer (cytokine profiling). The
ratio of expression was calculated by
dividing the signal intensity of each cyto-
kine by the signal intensity of the internal
control of each sample. Signal intensity
was analyzed using the ImageJ software.

The final value was expressed as the ratio
of expression (y axis) ± SD from two
experiments. Data was analyzed with the
Kruskall–Wallis and Mann–Whitney tests
(P < 0.05).
Band intensity of each PCR product for

IL-1b and TNF-a was analyzed using the
ImageJ software. Values were adjusted
relative to the expression of GAPDH in the
same sample and were expressed as the
ratio of expression. Mean ratio of expres-
sion (±SD) was calculated from three
experiments. Differences between infec-
tion times and HCMV concentration were
assessed with the Kruskall–Wallis and
Mann–Whitney tests (P < 0.05). Differ-
ences for the expression of the mRNA of
IL-1b and TNF-a between groups (gingi-
val biopsies) were evaluated with Mann–
Whitney test (P < 0.05).
Data were analyzed using statistical

software (Stata, statistical software for
Windows StataCorp LP, College sta-
tion, TX, USA).

Results

Gingival fibroblasts were infected with
HCMV at a concentration of 71,000 cop-
ies/ll and supernatant was collected at 24
and 72 h postinfection. Supernatant col-
lected at baseline from uninfected gingival
fibroblasts was considered as the starting
point for comparisons with time postinfec-
tion. Cytokines were split into four groups

(Table 1) and the results are presented
accordingly. The mRNA expression for
IL-1b and TNF-a from infected gingival
fibroblasts and gingival specimens was
evaluated.

Effect of HCMV infection on innate

cytokines production by gingival

fibroblasts

An increase in the production of IL-1a, IL-
12p40, IL-12p70, and IL-6 (Fig. 1) was
observed at 72 h postinfection. A threefold
increase of the above mentioned cytokines
was observed in infected gingival fibro-
blasts as compared to baseline, uninfected
cells. Levels of IL-1b were not as high as
levels of other proinflammatory cytokines
and IL-1b was only detected 24 h postin-
fection with a maximum increase at 72 h.
In contrast, TNF-a was high at baseline
and had increased further 72 h postinfec-
tion (Fig. 1).
The expression of mRNA for IL-1b and

TNF-a was analyzed in infected gingival
fibroblasts (Figs 2, 3) and in gingival
specimens from patients with periodontitis
(Fig. 4). Gene expression for IL-1b in-
creased over time and was higher at 72 h
(P £ 0.05) while expression of the TNF-a
gene peaked at 24 h (Fig. 2). Nonetheless,
expression of IL-1b and TNF-a (P £ 0.05)
was higher than baseline, uninfected
gingival fibroblasts, and UV-inactivated
HCMV-infected gingival fibroblasts at

Fig. 1. Innate cytokine production after 24–72 h HCMV infection. Bars represent the mean
ratio ± SD from 2 experiments.
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72 h (Fig. 2). Uninfected and UV-inacti-
vated HCMV-exposed gingival fibroblasts
showed lower gene expression. Expression
of mRNA for IL-1b was higher with
increasing copy numbers of HCMV than
with low copy numbers (Fig. 3). In
contrast, expression of TNF-a was higher
than expression of IL-1b even with a low
number of HCMV copies, and different
HCMV doses induced different expression
levels of mRNA (Fig. 3). In addition, gene
expression in gingival biopsies was higher
for IL-1b and TNF-a in HCMV-positive
periodontitis than HCMV-negative peri-
odontitis samples and healthy tissues, but
the difference was not statistically signif-
icant (Fig. 4).

Effect of HCMV infection on acquired

cytokine production by gingival fibroblasts

The lowest production of all cytokines
studied corresponded to IL-2, IL-4, IL-13,
and interferon-c (Fig. 5) The primary
function of gingival fibroblasts is not the
specialized production of cytokines, in
contrast to CD4 T cells. However, upon
infection with HCMV, the production of
IL-2, IL-4, and IL-13 was increased at
24 h and was very low or not detectable
at 72 h. In contrast, IL-10 production was
higher at 72 h but the difference from
baseline was minimal. The major change
in production was observed for trans-
forming growth factor-b1, this was in-
creased at 24 h and although it had

Fig. 3. Comparison of different HCMV infection doses on mRNA expression of and IL1b (A) and TNFa (B) at the indicated time. Data is presented as
the mean of three experiments ± SD.

Fig. 2. mRNA expression of IL1b and TNFa after HCMV infection (71,000 c/ll). (A) PCR
amplicons corresponding to GAPDH, IL1b and TNFa as follows: lane 1 Baseline, lane 2 Control
non-infected GF 72 h, lane 3 UV-HCMV infected GF at 72 h, lane 4 HCMV infected GF at 12 h p.i,
lane 5 HCMV infected GF at 24 h p.i. and lane 6 HCMV infected GF at 72 h p.i. (B) Relative ratio of
expression of mRNA at the indicated time for IL1b and TNFa. Data is presented as the mean of three
experiments ± SD. * Statistical differences as compared to baseline, control 72 h and UV-HCMV
infected GF 72 h (Mann Whitney test P £ 0.05).
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decreased at 72 h, it was still higher than
baseline (Fig. 5).

Effect of HCMV infection on chemokines

production by gingival fibroblasts

Overall, the production of IL-8, monocyte
chemoattractant protein 1 (MCP1), macro-
phage inhibitory protein (MIP) 1a, and
MIP-1b was progressive at 72 h in com-
parison to baseline (Fig. 6). The produc-
tion of RANTES was increased at 24 h
and although it had decreased by 72 h it
was still higher than baseline.

Effect of HCMV infection on growth factor

production by gingival fibroblasts

Production of growth factors was very
irregular over time (Fig. 7). A decreasing
pattern was observed for granulocyte–

macrophage colony-stimulating factor,
IL-7, and IL-17 while IL-11 and macro-
phage colony-stimulating factor were in-
creased at 72 h postinfection.

Discussion

Gingival fibroblasts were infected with
HCMV to study the production of cyto-
kines after infection. It has been observed
that growth factors respond to different
stimuli, such as bacterial antigens and

prostaglandin E2, to produce a wide range
of cytokines (1, 8, 28, 49). It was interest-
ing to find that infection of gingival
fibroblasts with HCMV increases the pro-
duction of different cytokines. Periodonti-
tis is an inflammatory process that is
primarily initiated by bacterial challenge
and connective and bone tissue loss occurs
after the host immune response is acti-
vated. Associations of representative cells
like T cells and macrophages are key
players in defining how much of the
periodontal tissues are degraded. However,
the role of other infectious agents, such as
HCMV, is not clear; the possibility of
HCMV-infected gingival fibroblasts in
inflamed periodontal tissues could be
plausible. This study presents the experi-
mental infection results for a profile of
human inflammatory cytokines. It was
observed that gingival fibroblasts mainly
produced innate proinflammatory cyto-
kines and chemokines. The same observa-
tion has been observed for herpes simplex
virus 1 (HSV-1) and murine CMV (18, 21,
30, 36). One study found that HSV induces
IL-6 in gingival fibroblasts but not in
keratinocytes (47). Overproduction within
periodontal connective tissues of potent
osteoclast activators, proinflammatory
cytokines, and chemokines sets up the
perfect microenvironment for periodontal
destruction. IL-1b is considered a key
cytokine in periodontal disease because of

Fig. 4. Analysis of mRNA expression for IL1b and TNFa in gingival specimens from non-
periodontitis, HCMV(-) periodontitis and HCMV(+) patients. Data is presented as the mean ± SD.

Fig. 5. Acquired cytokines production after 24–
72 h HCMV infection. Bars represent the mean
ratio ± SD from 2 experiments.

Fig. 6. Chemokine production after 24–72 h HCMV infection. Bars represent the mean ratio ± SD
from 2 experiments.
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its potent inflammatory activity and osteo-
clast activation (10, 13, 26, 45). It has been
observed in high quantities in gingival
crevicular fluid from periodontitis lesions
in comparison to healthy sites (4, 14, 20).
TNF-a is another important cytokine
involved in osteoclast differentiation (2,
6, 33) and regulating bone loss in peri-
odontitis (17, 29, 53). The overproduction
of these cytokines by gingival fibroblasts
in inflamed periodontal tissues results in
increased collagenolytic activity and pro-
inflammatory action (15, 41).
The in vitro infection of gingival fibro-

blasts with HCMV resulted in increased
production of inflammatory cytokines such
as IL-1a, TNF-a, IL-6, IL-8, MCP-1, MIP,
macrophage colony-stimulating factor, and
IL-1b in comparison to non-infected gin-
gival fibroblasts. Additionally, the in-
creased expression of IL-1b and TNF-a
in HCMV-positive periodontitis specimens
is an important finding that contributes to
an explanation of the relation of HCMV in
periodontitis.
HCMV infection in gingival fibroblasts

upregulated the production of proinflam-
matory related cytokines and chemokines.
The expression of IL-1b and TNF-a was
increased both in vitro and in specimens
from subjects with HCMV-positive peri-
odontitis. The overproduction of proin-
flammatory cytokines and chemokines as a
result of viral infection should be consid-
ered as an important pathogenic mecha-

nism linking HCMV to periodontitis
in vivo.
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