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Objective: To elucidate the aetiology of periodontitis, this study focused on the adenosine
receptor (AR) expression profiles (A,AR, A,,AR, A,pAR and A;AR) in periodontal diseased
tissues.

Methods: Adenosine receptor gene expression levels in human gingiva from 15 patients
with healthy gingival tissues (control group) and 15 patients who exhibited severe chronic
periodontitis (test group) were measured using quantitative reverse transcription-polymerase
chain reaction (RT-PCR).

Results: The mRNA expression pattern changed in human chronic periodontitis: the A ,AR
decreased 20%, A, /AR increased 2.5-fold, A,z AR increased 3.7-fold and A ;AR decreased 70%
as compared with that of healthy gingiva.

Conclusion: /nflammation of the gingival tissue is associated with (1) an unchanged expres-
sion of 4 AR, (2) an increased expression of A, AR and A, AR, and (3) a decreased expression
of A;AR. Logistic regression analysis indicated that the change in the expression patterns can
be used to diagnose/predict periodontitis. This finding indicates that the adenosine receptor
expression profile is changed in periodontitis with the potential for future clinical application.
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Periodontitis is a chronic disease characterised by
inflammatory cell accumulation in the extravas-
cular gingival connective tissue. Inappropriate activa-
tion of inflammatory and resident cells becomes self-
perpetuating and can lead to chronic periodontal tissue
destruction. A shift in microbiological species in gingi-
val sulci from Gram-positive, facultative, fermentative
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microorganisms to Gram-negative, anaerobic, chemo-
organotrophic and photolytic species has been strongly
linked to periodontal tissue breakdown!-3. However, the
molecular mechanisms are still not clear and treatment
outcomes are not always satisfactory, making disease
prevention more important. Although plaque control is
a most important and effective method for the preven-
tion of periodontal disease or its progression, it cannot
reverse accumulated tissue damage. Because of this,
approaches for disease prevention and early detection
are essential.

Adenosine is a signalling molecule that is generated
at sites of tissue injury, hypoxia and inflammation.
Consistent with this, adenosine levels are clevated
in circulation during sepsis* and in tissues following
ischemia®. Studies in animal models revealed that
adenosine can have very different regulatory effects in
response to inflammation or tissue injury®-8. It has potent
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anti-inflammatory and tissue protective effects during
acute injury processes such as the ischemia/reperfusion
injury® or as a response to endotoxin’. In contrast,
increased levels of adenosine in chronic inflammation
and injury models may activate pro-inflammatory and
tissue destructive pathways3. Such changes indicate that
adenosine has a broad range of biological actions in a
variety of cells and can modulate the cellular functions
affecting the inflammatory responses®!!. Moreover, a
number of studies have shown that adenosine can pro-
mote wound healing through activation of adenosine
receptors'>"15, which may be helpful during treatment
of chronic periodontitis.

Adenosine, an endogenous nucleoside, is generated
intracellularly and extracellularly through dephosphoryl-
ation of adenosine monophosphate (AMP) by ecto-5’-
nucleotidase (CD73), and metabolised by partial deamin-
ation to inosine, mediated by adenosine deaminase,
followed by deribosylation and oxidative degradation to
uric acid®’. Adenosine activates the cell surface G
protein-coupled adenosine receptors (ARs). Four dis-
tinct ARs are present in mammalian cells: A AR,
A, AR, A,;AR and A;AR!®. These receptors have dif-
fering affinities for adenosine or its analogs, and their
relative levels of expression in cells can vary.

Recently it was shown that adenosine or an adeno-
sine receptor agonist can inhibit Escherichia coli'’.
Similarly, adenosine or an adenosine receptor agonist
can alter the cytokine production by neutrophils and
their adherence to vascular endothelial cells!0:15:18,
indicating that adenosine is involved in the inter-
actions of immunocompetent cells with other cell
types. Lipopolysaccharide induction of tumour necrosis
factor-a. production by monocytes or macrophages is
well established'®23. The suppression of chemokine
receptor function, however, appears to involve the
adenosine receptor2*. Furthermore, it was proposed that
adenosine receptors could be useful for treatment of
infection and sepsis>-2°,

Previous studies have shown that both human gin-
gival epithelial cells and fibroblasts express adenosine
receptors, and that their expression may regulate other
inflammatory molecules?’-30. However, the expression
profiles of adenosine receptors in diseased periodontal
tissues have not been investigated; these might play
important roles in disease development, progression
and treatment, as indicated in many other diseases.
The present null hypothesis was that the adenosine
receptor expression profiles are not changed in chronic
periodontitis. However, the present data indicate that
the expression of adenosine A,, and A,; receptors are
increased in human chronic periodontitis, the expres-
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sion of the A, receptor is decreased, while no significant
change is observed in the expression of the A receptor.
These findings suggest that adenosine receptors may
play important roles in human chronic periodontitis. In
addition, these findings should contribute toward bet-
ter clinical appreciation of the molecular mechanisms
involved as well as the possible development of new
treatment modalities.

Materials and methods

Site selection

Adult patients, ages 35 to 80 years, with chronic peri-
odontitis treated in the Advanced Education Program in
Periodontics at the Loma Linda University School of
Dentistry were included in this study. Patients were
recruited from June 2008 to September 2008. All
patients were systemically healthy. A total of 15 clin-
ically healthy sites and 15 chronically diseased periodon-
tal sites from 15 subjects each were included in this
study. The control subjects were recruited from patients
requiring periodontal surgery for other reasons, such as
crown lengthening or necessary extractions (without
periodontitis). The conditions of the periodontal tissues
were evaluated by clinical and radiographic examin-
ations. Sites in the clinically healthy (control) group had
no colour and texture change to gingival tissue, no vis-
ible plaque and calculus, no bleeding upon probing,
probing depth (PD) < 3 mm and no radiographic evidence
of bone loss. Sites in the periodontitis (test) group had
obvious colour and texture change to gingival tissue, PD
> 5 mm, clinical attachment loss (CAL) > 5 mm, bleed-
ing upon probing and radiographic evidence of bone loss
corresponding to CAL. Patient exclusion criteria were:
(1) having any uncontrolled systemic disease known to
affect periodontal conditions, (2) having any conditions
for which antibiotic premedication would be required,
(3) history of antibiotic treatment within the last 3 months
and (4) history of periodontal treatment within the last 6
months.

Approval for the study was obtained from the
Institutional Review Board of Loma Linda University.
The patients were asked to sign an informed consent
form.

Sample collection and processing

Periodontal tissues were obtained from the junctional
epithelium side of periodontal pockets immediately
before periodontal treatment, and tissues were processed
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Table 1 Primer characteristics

NCBI number Positions Primer sequences Product lengths
A wooerez | (TS | Reverse: sAGTAGOTOTGTOGO0OATGS | 222
| Waossa | o e ies [ Fowas 3 SommocTIomsscies |z
Mo | o006z | (TS | Reverse 8- TTTTGRGGTCRCCTTOOTGG | 2
P | wooosrre | LR teta00 | Reverse: - ATGTAAAMATCCOTTGGCCCS | 10

Primers for ARs were designed using NCBI online software.

for standard RNA extraction and real-time polymerase
chain reaction (PCR) measurement as described3!32,
Briefly, tissue RNAs were stabilised in RNAlater®
(Ambion, Austin, TX, USA) then RNAs were extract-
ed using TRI Reagent® (Molecular Research Center,
Cincinnati, OH, USA). Total RNA concentrations were
quantitated using a NanoDrop™ Spectrophotometer
(Thermo Scientific, Waltham, MA, USA), the first strand
cDNAs were synthesised using SuperScript I[II™ First-
Strand Synthesis System for reverse transcription-PCR
(RT-PCR) (Invitrogen, Carlsbad, CA, USA), and the
adenosine receptor expression levels were measured by
quantitative RT-PCR using LightCycler® DNA Master
SYBR Green I (Roche Applied Science, Indianapolis,
IN, USA). All procedures were performed following the
respective manufacturer’s instructions.

RNA extraction

Periodontal tissues were homogenised by means of a
sonic homogeniser in 1 ml Tri Reagent, the homogenate
was stored for 5 min at room temperature and then sup-
plemented with 0.2 ml chloroform. The homogenised
samples were covered tightly and shaken vigorously for
15 s. The resulting mixture was stored at room tempera-
ture for 5 min and centrifuged at 12,000 g for 15 min at
4°C. The aqueous phase of the mixture, containing RNA,
was transferred into a new Eppendorf tube. The RNA was
precipitated from the aqueous phase by mixing with 0.5
ml isopropanol. The sample was stored at room tempera-
ture for 10 min and centrifuged at 12,000 g for 15 min at
4°C. The supernatant was removed and the RNA pellet
was washed with 1 ml 75% ethanol and subsequently
centrifuged at 7,500 g for 5 min at 4°C. The ethanol was
removed and the RNA pellet was air dried briefly at room
temperature. RNA was dissolved in 30 ul DEPC-H,0.
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RNA quantitation

RNA concentrations were measured using NanoDrop
1000 with 1 ul of RNA solution each time. The measure-
ments were repeated two to four times.

First-strand cDNA synthesis

Following the manufacturer’s instruction, 5 pg RNA
was mixed with Oligo (dT) primer and dNTP mix. The
mixtures were incubated at 65°C for 5 min and chilled
on ice for at least 1 min. Next, 10 pul cDNA synthesis
mix was added to each RNA/primer mix and the sam-
ples were incubated at 50°C for 50 min. The reaction
was terminated at 85°C for 5 min and the samples again
chilled on ice. Then, 1ul RNAse H was added to each
reaction tube, which were incubated at 37°C for 20 min.
The product was stored at —20°C for subsequent PCR.

Primer design

Primers for human adenosine receptors were designed
by using NCBI online Primer-BLAST software (Table 1)
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/index.
cgi?LINK LOC=NcbiHomeAd).

Quantitative real-time PCR

Reactions were performed in a 10 pl mix containing 2.5
mM Mg?*, 0.5 uM primer and 1 ul DNA template. Reac-
tion conditions were: 95°C for 30 s; followed by 95°C
for 0 s, 54°C for 15 s and 72°C for 20 s for 45 cycles;
followed by 95°C for 0 s, 65°C for 15 s and 95°C for 0 s
for one cycle and cooling at 40°C for 30 s. GAPDH was
used as a control.
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Table 2 Patient demographics: patient characteristics in both control and test groups are similar

Test Control

Age (year, mean) 60 12 59.4 +18.2
Age (year, median) 59 (42-78) 58 (24-86)
Gender 7 females 8 females
Diabetes 2 typelll 2 typelll
Avrthritis 3 1
Smoking 1 current smoker 1 former smoker
Hypertension 4 5

Data analysis Primer specificity

The Ct approximation method was used in accordance
with the manufacturer’s (Roche) instruction to ana-
lyse the adenosine receptor expression changes>?. The
changes were expressed as fold change. Fold induction
= 2-[AACt] and AACt = [Ct GI (unknown sample) — Ct
GAPDH (unknown sample)] — [Ct GI (calibrator sam-
ple) — Ct GAPDH (calibrator sample)]. The significance
of the expression level change was arbitrarily set at a
twofold change. No statistical method was used for
expression level change because the expression level
change was calculated as fold change.

Descriptive statistics were tabulated as bar graph and
standard deviation. Inferential statistics, including ¢ test,
Pearson’s correlation and logistic regression analysis,
were performed using SPSS software (version 16.0 for
Windows, SPSS, Chicago, IL, USA).

Results

Patient demographics

A total of 30 subjects were enrolled in the study, 15 sub-
jects exhibited severe chronic periodontitis and another
15 patients had a healthy periodontium based on clinical
and radiographic diagnosis. Demographic characteris-
tics are summarised in Table 2. The mean age of the test
group is 60 £ 12 (42 to 78) years old and for the control
group is 59.4 + 18.2 (24 to 86) years old. Two subjects
in each group had controlled type II diabetes. Diabetes
of one of the subjects in the test group was controlled by
diet and exercise only. The test group had three subjects
with arthritis, while there was only one in the control

group.
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Primer specificity was determined by conventional RT-
PCR. All four primer sets were tested using RNAs from
liver cancer, which is known to express adenosine recep-
tors. Each primer set was able to efficiently amplify a
single band at the desired size, while the negative control
did not yield that band (data not shown).

The expression of adenosine receptors in human gin-
gival tissues, both in healthy and inflamed tissues, was
also detected by RT-PCR (data not shown).

Expression levels of adenosine receptors in healthy
human gingiva

The expression levels of adenosine receptors in healthy
human gingival tissues were determined by crosspoints
of real-time RT-PCR. The crosspoint is the number of
cycles needed to amplify molecules of interest to a cer-
tain predetermined copy number (set by software, Roche
Applied Science). Fewer cycles required to reach the
crosspoint are associated with higher gene expression.
The cycle numbers to reach crosspoints for A AR,
A, AR, A,;AR and A;AR were 25.36, 26.58, 20.96
and 21.27, respectively, in healthy gingiva (Fig 1).
These outcomes indicate that A,;AR and A;AR are
expressed at a relatively higher level in healthy human
gingival tissue compared with A|AR and A, ,AR.

Expression of adenosine receptors in inflamed human
gingiva

Changes in the expression of adenosine receptors were
measured by real-time RT-PCR, as described above. The
expression pattern was altered in human chronic peri-
odontitis. The A;AR decreased 20%, A, , AR increased
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Fig1 The expression levels of ARs in healthy human gingiva.
The expression levels were determined from the number of
cycles required to reach crosspoints. The crosspoints were
reached in 25.36 + 3.51, 26.58 + 5.43, 20.96 + 6.37 and 21.27

+3.09 cycles for A|AR, A, 4 AR, A,pAR and A;AR, respectively.

2.5-fold, A,; AR increased 3.7-fold and A; AR decreased
70%. The change in local expression levels of adenosine
Al receptor was not significant (Figs 2a and 2e). How-
ever, local A, , AR and A, ;AR expression levels signifi-
cantly increased (Figs 2b, 2¢ and 2¢), while local A;AR
levels significantly decreased in chronic periodontitis
(Figs 2d and 2e).

Predictability of adenosine receptor expression pattern

Logistic regression analysis was used to determine the
relationship between the adenosine receptor expression
pattern and disease prediction. The results suggest that
the expression pattern of adenosine receptors in human
chronic periodontitis can be used successfully to diag-
nose the disease. The expression change of all four
adenosine receptors is significantly associated with peri-
odontitis (P = 0.039); however, the expression change
of either one of these receptors alone is not associated
with periodontitis (P > 0.05) (Table 3a and 3b). Further
analysis using Pearson’s correlation test revealed that
A AR, A, , AR and A;AR are highly correlated to each
other, but A,;AR is not correlated to any other ASAR
(Table 3c).
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Fig 2 The expression changes of ARs. a) The expression of
A AR was decreased slightly in human periodontitis tissues. It
is at 82% of human healthy gingiva. b) The expression of A, , AR
was significantly increased in human periodontitis tissues by
2.5-fold. c)The expression of A,pAR was increased 3.7-fold in

human periodontitis tissues. d) The expression of A;AR was
significantly decreased in human periodontitis tissues to 30%
of control levels. The expression level in control healthy tissue
was designated as 1. e) Combined results from a, b, ¢, and d.
* Designates a two-fold increase or 50% reduction compared
to control.

Discussion

Periodontitis is a chronic inflammatory disease, with
mild and moderate forms affecting 30% to 50% of
adults and the severe form affecting 5% to 15% of total
adults in the USA34. It is characterised by an accumu-
lation of inflammatory cells in extracellular tissues as
well as a shift in microbiological species. The standard
initial therapy includes scaling and root planing, but is
usually ineffective for certain sites with deep probing
depth.

Because virtually all cases of periodontitis present as
infectious diseases, they can be prevented or effectively
treated by controlling pathogenic microbes residing in
subgingival and supragingival plaque. Effective peri-
odontal prevention and therapy are dependent on full-
mouth disinfection, such as supragingival debridement,
subgingival scaling and root planing, and adequate oral
hygiene. Additionally, antibiotic treatments, antiseptic
substances and other chemotherapeutic agents can
sometimes be effective. Antibiotics, however, may have
adverse reactions, such as bacterial resistance, selective
effectiveness for certain bacteria and the potential need
for customisation. Similarly, most antiseptic agents
have a very unpleasant taste’>
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Table 3 Logistic regression analysis. a and b) The expression pattern change of ARs can be used successfully to predict periodon-
titis; however, the expression change of any particular receptor type alone cannot be used to predict the disease. ¢) A;AR, A;,AR,
and A;AR are highly correlated to each other, and A,zAR is not.

a

Step 1 Step 0.039

b
Step 1 AAR 0.456

Block 0.039

A,AR | 0.556

Model 0.039

AgAR | 0.558

AAR 0.083

[+

A1 A2A A2B A3
N |noms o o o
N o o
S o o
N o o

*Correlation is significant at the 0.01 level (two-tailed).

Another class of chemotherapeutic agents for
the treatment of periodontitis targets host response
and tissue breakdown. Periostat® (Alliance Pharma,
Chippenham, UK), which is a systemically used sub-
antimicrobial dose of doxycycline, is a good example.
Although it has been reported that Periostat can reduce
attachment loss and probing depth in conjunction with
scaling and root planing, its long-term effectiveness and
safety have not yet been widely studied3®.

Periodontitis is an infectious disease caused by a
variety of bacteria, characterised by variable genetic
as well as acquired host susceptibilities to these patho-
gens. The present authors set out to investigate local
tissue reaction to the presence of periodontal pathogens.
Adenosine and its receptors have been extensively stud-
ied at sites of inflammation, as well as tissue destruc-
tion and repair. Adenosine and its receptor agonists and
antagonists have been used effectively in medicine for
some time. Surprisingly, little is known about adenosine
or its receptors in the context of dentistry. To the present
authors’ knowledge, this report presents the first such
study focusing on the expression of adenosine receptors
in human chronic periodontitis.
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In healthy human gingiva, the expression levels
of A,;AR and A;AR are higher than for A;AR and
A, ,AR. This is consistent with other reports regarding
different tissue expression levels of the four adenosine
receptorsl6.

The expression levels of ARs were altered in samples
of chronically inflamed periodontal tissue. A, , AR and
A,zAR expression levels increased 2.5-fold and 3.7-
fold, respectively. A;AR expression decreased 70%,
while no significant change was observed for A AR.
These findings were in agreement with other studies,
which indicated that the adenosine receptor expres-
sion levels changed in inflammatory stages®!-32. These
changes may indicate that different receptors have
specific roles in the development and progression of
periodontitis. Although our statistical analysis failed
to reveal a difference between groups for any receptor,
the mean difference is still very prominent and deserves
further study. The reason for statistical insignificance
may be the relatively small sample size and large stand-
ard deviation.

A, ,AR is commonly recognised as an anti-inflam-
matory mediator, and its activation is believed to pro-
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mote wound healing!?-1437. The actual role of A,,AR
in periodontitis is unknown. The present authors specu-
late that it may be involved with (1) angiogenesis
(manifested by increased bleeding on probing), (2)
suppression of pro-inflammatory host reaction and (3)
tissue regeneration following active treatment. The
A;AR subtype is perhaps the most enigmatic among
adenosine receptors. A recent review stated that several
studies attempted to elucidate its physiologic role8, but
it still remains unclear what specific function it is most
associated with. However, it appears to be present in a
variety of pathophysiologic conditions3®,

Interestingly, the pattern changes in expression levels
of ARs can be used to confirm the presence of peri-
odontitis. This may aid earlier detection and diagnosis
of periodontitis.

In conclusion, four adenosine receptors were
expressed at different levels in human gingival tissues.
The expression pattern changed in periodontitis with
significant increases of A,, AR and A,;AR and a pro-
nounced decrease of A;AR. Further studies are needed
to elucidate the particular roles of these receptors in
periodontitis.

Acknowledgements

The authors deeply appreciate the technical support from
Nic Galloway and Maritess Gay Asumen (Department
of Basic Sciences, Loma Linda University). Also, thanks
to Dr W. Patrick Naylor for reading this manuscript.
This work was supported by a grant from the Center
for Dental Research, Loma Linda University School of
Dentistry. The authors report no financial relationships
related to any products involved in this study.

Conflicts of interest: The authors declare no conflicts
of interest related to this study.

References

1. Haffajee AD, Socransky SS. Microbial etiological agents of destruc-
tive periodontal diseases. Periodontol 2000 1994;5:78-111

2. Slots J, Rams TE. Microbiology of periodontal disease. In: Slots J,
Taubman M (eds). Contemporary Oral Microbiology and Immunol-
ogy. St. Louis: Mosby; 1992:425-443.

3. Moore WE, Moore LV. The bacteria of periodontal diseases. Peri-
odontol 2000 1994;5:66-77.

4. Martin C, Leone M, Viviand X et al. High adenosine plasma concen-
tration as a prognostic index for outcome in patients with septic shock.
Crit Care Med 2000;28:3198-3202.

5. Sperlagh B, Doda M, Baranyi M et al. Ischemic-like condition
releases norepinephrine and purines from different sources in super-
fused rat spleen strips. J Neuroimmunol 2000;111:45-54.

The Chinese Journal of Dental Research

11.

12.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Day YJ, Marshall MA, Huang L et al. Protection from ischemic liver
injury by activation of A2A adenosine receptors during reperfusion:
Inhibition of chemokine induction. Am J Physiol Gastrointest Liver
Physiol 2004;286:G285-G293.

Ohta A, Sitkovsky M. Role of G-protein-coupled adenosine receptors
in downregulation of inflammation and protection from tissue dam-
age. Nature 2001;414:916-920.

Blackburn MR. Too much of a good thing: Adenosine overload
in adenosine-deaminase-deficient mice. Trends Pharmacol Sci
2003;24:66-70.

Resta R, Yamashita Y, Thompson LF. Ecto-enzyme and signaling
functions of lymphocyte CD73. Immunol Rev 1998;161:95-109.

. Cronstein BN. Adenosine, an endogenous anti-inflammatory agent. J

Appl Physiol 1994;76:5-13.

Firestein GS, Bullough DA, Erion MD et al. Inhibition of neutrophil
adhesion by adenosine and an adenosine kinase inhibitor. The role of
selectins. J Immunol 1995;154:326-334.

Allen-Gipson DS, Wong J, Spurzem JR et al. Adenosine A2A recep-
tors promote adenosine-stimulated wound healing in bronchial
epithelial cells. Am J Physiol Lung Cell Mol Physiol 2006;290:
L849-L855.

. Roman J, Rivera HN, Roser-Page S et al. Adenosine induces fibronec-

tin expression in lung epithelial cells: Implications for airway remod-
eling. Am J Physiol Lung Cell Mol Physiol 2006;290:L317-L325.

. Montesinos MC, Desai A, Chen JF et al. Adenosine promotes wound

healing and mediates angiogenesis in response to tissue injury via
occupancy of A(2A) receptors. Am J Pathol 2002;160:2009-2018.

. Victor-Vega C, Desai A, Montesinos MC et al. Adenosine A2A recep-

tor agonists promote more rapid wound healing than recombinant
human platelet-derived growth factor (Becaplermin gel). Inflamma-
tion 2002;26:19-24.

Fredholm BB, [Jzerman AP, Jacobson KA et al. International Union of
Pharmacology. XXV. Nomenclature and classification of adenosine
receptors. Pharmacol Rev 2001;53:527-552.

Moore CC, Martin EN, Lee GH et al. An A2A adenosine receptor
agonist, ATL313, reduces inflammation and improves survival in
murine sepsis models. BMC Infect Dis 2008;8:141-151.

McColl SR, St-Onge M, Dussault AA et al. Immunomodulatory
impact of the A2A adenosine receptor on the profile of chemokines
produced by neutrophils. FASEB J 2006;20:187-189.

Bouma MG, Stad RK, van den Wildenberg FA et al. Differential regu-
latory effects of adenosine on cytokine release by activated human
monocytes. J Immunol 1994;153:4159-4168.

Hasko G, Szabo C, Nemeth ZH et al. Adenosine receptor agonists
differentially regulate IL-10, TNF-alpha, and nitric oxide production
in RAW 264.7 macrophages and in endotoxemic mice. J Immunol
1996;157:4634-4640.

Le Moine O, Stordeur P, Schandene L et al. Adenosine enhances
IL-10 secretion by human monocytes. J Immunol 1996;156:
4408-4414.

Lee JY, Jhun BS, Oh YT et al. Activation of adenosine A3 recep-
tor suppresses lipopolysaccharide-induced TNF-alpha production
through inhibition of PI 3-kinase/Akt and NF-kappaB activation in
murine BV2 microglial cells. Neurosci Lett 2006;20:396:1-6.
Ramakers BP, Riksen NP, Rongen GA et al. The effect of adenosine
receptor agonists on cytokine release by human mononuclear cells
depends on the specific Toll-like receptor subtype used for stimula-
tion. Cytokine 2006;35:95-99.

Zhang N, Yang D, Dong H et al. Adenosine A2a receptors induce
heterologous desensitization of chemokine receptors. Blood
2006;108:38—44.

Nemeth ZH, Csoka B, Wilmanski J et al. Adenosine A2A receptor
inactivation increases survival in polymicrobial sepsis. J Immunol
2006;176:5616-5626.

119



SUN et al

26.

217.

28.

29.

30.

31.

32.

Naganuma M, Wiznerowicz EB, Lappas CM et al. Cutting edge:
Critical role for A2A adenosine receptors in the T cell-mediated regu-
lation of colitis. J Immunol 2006;177:2765-2769.

Murakami S, Yoshimura N, Koide H et al. Activation of adenosine-
receptor-enhanced iNOS mRNA expression by gingival epithelial
cells. J Dent Res 2002;81:236-240.

Murakami S, Hashikawa T, Saho T et al. Adenosine regulates the
IL-1 beta-induced cellular functions of human gingival fibroblasts.
Int Immunol 2001;13:1533-1540.

Murakami S, Terakura M, Kamatani T et al. Adenosine regulates the
production of interleukin-6 by human gingival fibroblasts via cyclic
AMP/protein kinase A pathway. J Periodontal Res 2000;35:93-101.

Hashikawa T, Takedachi M, Terakura M et al. Activation of adenosine
receptor on gingival fibroblasts. J Dent Res 2006;85:739-744.

Sun CX, Zhong H, Mohsenin A et al. Role of A2B adenosine recep-
tor signaling in adenosine-dependent pulmonary inflammation and
injury. J Clin Invest 2006;116:2173-2182.

Sun CX, Young HW, Molina JG et al. A protective role for the Al
adenosine receptor in adenosine-dependent pulmonary injury. J Clin
Invest 2005;115:35-43.

120

33.

34.

35.

36.

37.

38.

Winer J, Jung CK, Shackel I et al. Development and validation of
real-time quantitative reverse transcriptase-polymerase chain reac-
tion for monitoring gene expression in cardiac myocytes in vitro. Anal
Biochem 1999;270:41-49.

Friedewald VE, Kornman KS, Beck JD et al. The American Journal
of Cardiology and Journal of Periodontology editors’ consensus: Peri-
odontitis and atherosclerotic cardiovascular disease. J Periodontol
2009;80:1021-1032.

Slots J, Jorgensen MG. Effective, safe, practical and affordable peri-
odontal antimicrobial therapy: Where are we going, and are we there
yet? Periodontol 2000 2002;28:298-312.

Drisko CH. Nonsurgical periodontal therapy. Periodontol 2000
2001;25:77-88.

Palmer TM, Trevethick MA. Suppression of inflammatory and
immune responses by the A(2A) adenosine receptor: An introduc-
tion. Br J Pharmacol 2008;153(Suppl 1):S27-S34.

Gessi S, Merighi S, Varani K et al. The A3 adenosine receptor: An
enigmatic player in cell biology. Pharmacol Ther 2008;117:123-140.

Volume 14, Number 2, 2011



