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levels of TNF-a and IL-1f, abrogating joint swelling and
reducing destruction of bone and cartilage 144].

3.4 Bronchial asthma

It is well known that NF-xB plays a critical role in induction
of allergic airway inflammation. Desmet ¢ 4/. revealed that
NF-xB inhibition using decoy ODN was associated with
strong attenuation of allergic lung inflammation, airway
hyper-responsiveness [45]. Thus, we generated ovalbumin-
sensitized mice which had allergic airway inflammation and
hyper-responsiveness. Administration of IMD-0354 amelio-
rated airway hyper-responsiveness and reduced the numbers
of bronchial eosinophils in the mice. The total numbers of
bronchial eosinophils and IgE production were reduced
by treatment with IMD-0354 (46). Thus, IMD-0354 has
therapeutic potential for bronchial asthma.

BMS-345541 inhibited TNF-o-induced expression of
I1-6, -8 and eotaxin dose-dependently in the airway smooth
muscle (ASM) cells as Keslacy ez al. revealed 471. Goto ez al.
also investigated the effect of BMS-345541 using human
ASM cells. They demonstrated that treatments with TNF-o
and IL-13 induced a translocation of NF-xB to nuclei in
ASM cells. However, co-incubation with BMS-345541
markedly inhibited the translocation of NF-xB 4s].

PS-1145 reduced the expression of inflammatory factors
including adhesion molecules, cytokines and chemokines on
ASM cells, suggesting that the IKK inhibitor may be of con-
siderable benefit in inflammatory airways diseases, particularly
in severe asthma as Catley ez al. reported (38).

Bay 65 - 1942 inhibited cockroach allergen-induced
airway inflammation and hyper-reactivity in mice. It also
efficiently abrogated leukocyte trafficking induced by carra-
geenan in mice or by ovalbumin in a rat model of airway
inflammation [49].

3.5 Skin disorders

NF-xB activation on disease severity in allergic disorders is
well known. Nakamura et 2/. showed that ointment contain-
ing NF-xB decoy ODN prevented atopic dermatitis in a
mouse model (50. Thus, we examined the relevance of
IMD-0354 for atopic dermatitis by its topical application (51].
To investigate the in vivo efficacy, IMD-0354 ointment was
applied to mice with severe dermatitis. Histological examina-
tions revealed that the hyperplasia of keratinocytes and infil-
tration of inflammatory cells were significantly reduced in
the skin of IMD-0354-treated mice. IMD-0354 suppressed
the proliferation of various immunocompetent cells, IgE pro-
duction from splenic B cells and IgE-mediated activation of
mast cells. Therefore, we concluded that IMD-0354 might
provide an alternative therapeutic strategy for the treatment
of atopic dermatitis. So far, the effects of other IKK inhi-
bitors on atopic dermatitis have not yet been reported;
further investigation in this area is needed. di Meglio et 4/
showed that the NBD peptide significantly inhibited edema

formation and cellular infiltration in inflamed mouse paws.

This anti-inflammatory activity was most likely due to inhibi-
tion of expression of pro-inflammatory mediators, such as

TNF-o and COX-2, in inflamed tissues [52].

3.6 Malignant diseases

Development and progression of cancers, such as lymphoma
and leukemia, and some epithelial cancers are known to be
regulated by constitutive NF-xB activity 53,54. Thus, inhibi-
tion of NF-kB may offer promise as a therapeutic approach
for the treatment of tumors via manipulation of desired target
genes. Kawamura e a/. reported that NF-xB decoy ODN
inhibited hepatic metastasis of reticulosarcoma in mice
through a decrease in transactivation of important NF-kB-
driven genes [s5]. Regarding the contribution of NF-xB in
carcinogenesis, IKK inhibition might have a therapeutic
potential against cancers. We have reported that IMD-0354
suppressed the growth of human breast cancer cells by arrest-
ing cell cycles and inducing apoptosis. In the cells incubated
with IMD-0354, cell cycle was arrested at the GO-G1 phase
and apoptotic cells were increased. The expression of some
cell cycle regulatory molecules and antiapoptotic molecules
was suppressed in cells treated with IMD-0354. Daily
administration of IMD-0354 inhibited tumor expansion in
immunodeficient mice into which cancer cells were trans-
planted. We concluded that inhibition of NF-xB activity
using IMD-0354 might have a therapeutic role in the
treatment of human breast cancers.

BMS-345541 investigated the effects on several malignant
diseases, such as melanoma, lymphoma, neuroblastoma and
others (56-59]. Yang ez al. revealed that BMS-345541 trearment
resulted in the reduction of NF-xB activity, chemokine secre-
tion by cultured melanoma cells and melanoma cell survival.
The effect of BMS-345541 on tumor cell growth was through
mitochondria-mediated apoptosis based on the reduced ratio
of Bcl-2 per Bax. Thus, the mechanisms of antitumor effect
of BMS-345541 are downregulation of IKK activity that
results in mitochondria-mediated apoptosis of tumor cells
because the programmed cell death is highly regulated by
NF-kB signaling. Therefore, IKK may serve as a potential tar-
get for melanoma therapy [56]. Roué er 4l reported that
BMS-345541 decreased cellular-FLIP expression and allowed
mantle cell lymphoma cells to undergo the TNF-related
apoptosis-inducing ligand (TRAIL)-mediated apoptosis.
They concluded that the combination of TRAIL stimulation
and IKK inhibition as a new approach to MCL therapy (57).
Ammann ez 4l. also revealed that BMS-345541 significantly
enhances TRAIL-induced apoptosis, pointing to an antiapop-
totic function of NF-xB in TRAIL-mediated apoptosis in
neuroblastoma cells [58].

PS-1145 also tested the effects on malignant diseases, such
as myeloma, lymphoma, prostate cancer, pancreatic cancer,
breast cancer and others [60-69). In myeloma, Hideshima
et al. revealed that PS-1145 blocked TNF-o-induced
NF-xB activation in the tumor cells through inhibition of
IxB phosphorylation and degradation of IxBa, respectively.
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Moreover, PS-1145 blocks the protective effect of IL-6
against apoptosis. TNF-o-induced ICAM-1 expression on
myeloma cells was also inhibited by PS-1145. Moreover,
PS-1145 inhibits both IL-6 secretion from bone marrow stro-
mal cells (BMSCs) triggered by multiple myeloma cell adhe-
sion and proliferation of myeloma cells adherent to BMSCs.
They also clarified the pathophysiology IKK inhibition in
myeloma cells using a JNK-specific inhibitor SP600125.
PS-1145 inhibits SP600125-induced NF-xB activation and
blocks the protective effect of SP600125 against apopto-
sis (60,61). Akiyama ez al. revealed that PS-1145 blocks telome-
rase activity [62) and cell migration (63] in the myeloma cells. In
solid tumor cells, Yemelyanov ez a/. found that PS1145
induced apoptosis and inhibited cell proliferation in prostate
cancer cells. In addition, they found that incubation with
PS1145 inhibited the invasion activity of highly invasive
prostate cancer cells in an invasion chamber assay [¢s].

Bay 65 - 1942 induced growth suppression and death
in ells of imartinib- or dasatinib-resistant forms of chronic
myelogenous leukemia as Duncan e a4l showed (701
Lounnas ef /. revealed that a solid IKK inhibitor AS602868
had a promising new therapeutic potential for the treatment
of imatinib-resistant chronic myeloid leukemia patients.
Because the mutation escapes all currently used Ber-Abl
inhibitors, it is likely to become a major clinical problem as
it is associated with a poor clinical outcome [71]. Other IKK
inhibitors, such as SC-514 [72) and ACHP ([73,74], also have
antitumor effects. Because Bednarski ez a/. revealed that IKK
plays a critical role in NF-xB-mediated chemoresistance in
response to doxorubicin (75, IKK inhibition may serve as a
potential effect in combinational strategies to improve
chemotherapeutic response.

3.7 Liver diseases

Because Ogushi e al. showed that NF-kB decoy ODN pre-
vented fatal liver failure in a murine model (76}, IKK inhibitors
may prevent various liver diseases. Beraza ez al. showed that
ASG02868 efficiently prevented liver steatosis and inflamma-
tion and improved antioxidant response. All the effects con-
tributed to attenuation of the non-alcoholic-steatohepatitis
progression, as evidenced by lower hepatocyte apoptosis and
early stages of liver fibrosis (77).

3.8 Neurological diseases

Dasgupta et al. showed that the NBD peptides are anti-
neuroinflammatory and that NBD peptides may have a ther-
apeutic effect in neuroinflammatory disorders such as MS (7s].
Acharyya et al. demonstrated that a specific pharmacological
inhibition of IKK resulted in improved pathology and
muscle function in mdx mice, which is a model of Duchenne
muscular dystrophy (79].

3.9 The potential negative effects of IKK inhibitors
Many papers have reported that IKK inhibition has some
potential negative effects. It is well known that NF-xB plays
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an important role in immunity to infection. Genetic studies
using animal models demonstrated the critical role of
NF-«B in host defenses against pathogens. Three human pri-
mary immunodeficiencies associated with impaired NF-xB
signaling were also reported [80}. Therefore, pharmacological
IKK inhibition may damage defense systems against bacteria
and fungi infection. The relationship between NF-xB and
cancer development has also been reported. While the use of
NSAIDs, which inhibit activation of NF-xB, reduced the
incidence of cancers and lymphomas, some reports showed
that NSAIDs might increase the risk of pancreatic cancer or
non-Hodgkin’s lymphoma. Thus, these relationships are
very complicated because NF-xB activation can have either
positive or negative, indirect, secondary effects on tumor
development. NF-xB usually promotes cell survival that
results in decreased cell proliferation, thereby its negative
effect on tumor development [2). Thus, IKK inhibitors may
promote cancer development in some cases. Maeda er 4l
revealed that deletion of the gene encoding IKK-B in the cells
resulted in a marked increase in tumor number, size, growth
rate and aggressiveness {81]. Chen ez al. also revealed that
IKK inhibition prevented systemic inflammation but
increased local injury following intestinal ischemia reperfu-
sion [82]. These results showed the dual function of the IKK
system, which is responsible for both tissue protection and
systemic inflammation, and underscore the caution that
should be exerted when using IKK inhibitors.

3.10 Clinical trials

IMD-1041, which is a prodrug of IMD-0354, specifically
inhibits IKK-B 47 vive and in vitro (33). Because this com-
pound is an investigational drug, it is not yet on the market.
To prove the effect of IMD-1041 on the treatment of chronic
obstructive pulmonary disease (COPD), the Institute of
Medicinal Molecular Design started the interventional, ran-
domized, placebo-controlled and double-blind clinical trial
entitled ‘A Phase Ila, Proof of Concept Study to Evaluate
the Reduction in Inflammatory Biomarkers and Assess Airway
Function Following Administration of IMD-1041 in Patients
With COPD’ from 2009 (ClinicalTrials.gov Identifier:
NCT00883584). The purpose of this study is to see if
IMD-1041 has the ability to reduce inflammatory derived
symptoms and airway remodeling by looking at changes in
chemical levels in the blood and sputum. Sanofi-
Aventis has also started a clinical trial using an IKK inhibitor
(SAR113945) in patients with knee osteoarthritis (Clinical-
Trials.gov Identifier: NCT01113333). Although these results
have not yet been analyzed, potent IKK inhibitors will be
available in the near future.

4. Expert opinion

We have reviewed the effects of novel synthesized IKK inhib-
itors on inflammatory diseases in this article. Because NF-xB
plays a critical role in inflammation, IKK inhibition has the
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potential to prevent and treat the cardiovascular, pulmonary,
allergic, malignant and other diseases.

To date, various synthesized IKK inhibitors, IMD-0354,
IMD-0560, BMS-345541, PS-1145, SC-514, ACHP, Bay
65 - 1942, AS602868 and others, have been reported. How-
ever, direct comparison of the effects among the compounds
on the same diseases has yet to be elucidated. For example,
we have revealed that the IKK inhibitor IMD-0354 had sig-
nificant effects when used to treat myocardial ischemia, pul-
monary fibrosis, bronchial asthma, atopic dermatitis and
breast cancer. However, while other IKK inhibitors demon-
strated significant effects on liver, colon and neurological
disorders, we have not yet elucidated the IMD-0354 effect.
On the other hand, other synthesized IKK inhibitors
(AS602868 and NDB peptides) have yet to be examined on
cardiovascular diseases. Thus, we should perform further
comparative analysis to validate the effects using the same
experimental disease models.

Further, we have not yet compared the effects between the
novel compounds and conservative products such as cortico-
steroids and NSAIDs. Corticosteroids are known to be potent
anti-inflammatory agents and suppressors of cytokine produc-
tion. The anti-inflammatory effects of corticosteroids are
mediated through inhibition of NF-«B activation. Although
corticosteroids have not proven to be beneficial in clinical
studies on patients with some diseases, specific inhibition of
IKK may have superior effects on these diseases compared to
corticosteroids. Aspirin is one of the most commonly used
NSAIDs because of its ability to inhibit COX activity. It has
been reported that NF-xB activation and its associated gene
expressions were suppressed by the aspirin supplementation

through the inhibition of phosphorylation and degradation
of IxBot via the IKK pathway. Although corticosteroids and
NSAIDs are known to have adverse effects, they have been
broadly used in clinical settings for a long time. Because we
need specific IKK inhibitors without detrimental effects in
clinical settings, we have to clarify the superior effects of the
new compounds in comparison to the other conservative
compounds, including corticosteroids and NSAIDs.

Finally, we have to evaluate the adverse effects of the new
compounds. Although the deletion of the gene encoding
IKK-B in the cells resulted in a marked increase of carcino-
genesis, there has been no report to demonstrate the adverse
results by IKK inhibitors i vive. Because the carcinogenesis
should be evaluated using several factors, such as tumor
number, size, growth rate, invasion to other tissues and
remote metastasis, the IKK inhibitory effects against malig-
nant diseases should be evaluated using several experimental
models. It was also reported that IKK inhibition increased
local tissue injury following intestinal ischemia reperfusion.
However, there has been no report to demonstrate similar
results of ischemia reperfusion injury in other solid organ
systems. These adverse effects show the complexity of
the IKK system, which is responsible for both local and sys-
temic immunity. Therefore, further investigation is needed
o expand the strategy of specific IKK inhibition for
clinical applications.
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Summary

The High Prevalence of Periodontitis in Patients
with Marfan Syndrome

by

Mieko Aoki', Yasushi Imai, Daishi Fujita,
Naomi Ogawa, Masayoshi Kato, Hiroshi Nishimura,
Jun-ichi Suzuki, Yasunobu Hirata, Ryozo Nagai

from

1 Department of Cardiovascular Medicine, University of
Tokyo Hospital

Marfan syndrome is a connective tissue disorder with
autosomal dominant inheritance.

The disease affects mainly the skeletal, cardiovascular,
and ocular systems. Patients with this syndrome often
demonstrate oral and maxillofacial manifestations includ-
ing highly arched palate with crowding of teeth. In order
to evaluate the clinical characteristics in Japanese Marfan
syndrome patients, we evaluated the periodontal status of
those patients who were diagnosed as Marfan syndrome
according to the Ghent nosology (n=20). The results
showed that the number of teeth present was 27. Probing
pocket depth were 2.815+0.624 mm, bleeding on probing
11.567+8.394%, and percentages of CPI (community
periodontal index) codes 3 or 4 75%. Our results demon-
strate the significantly high prevalence of severe periodon-
titis in patients with Marfan syndrome. The connective
tissue disorder in Marfan syndrome may also increase
susceptibitity to inflammatory breakdown of periodontal
tissue.

Key words Marfan syndrome, periodontitis, CPI
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Periodontitis and cardiovascular
diseases
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T University of Tokyo, Department of Advanced Clinical Science and Therapeutics, Tokyo, Japan

Periodontitis is characterized by gingival inflammation and periodontopathic
bacteria generate immunological inflammatory responses. Recent epidemio-
logical reports suggest that periodontitis is one of the key risk factors for
the onset of cardiovascular diseases. Several studies reported that periodontal
bacteria in cardiovascular specimens were frequently detected. We revealed
that patients with acute coronary syndrome showed significantly higher
serum [gG titers to a strain of periodontopathic.bééteria compared with

present in a high percentage of specimens
with Buerger disease or abdominal aorti

might still explain_ the apparent association. Levels of risk markers for CVD have
been reported to levated in patients with periodontitis. Furthermore, animal
studies demonstrated an association between the prevalence of periodontal patho-
gens, bacterial products, periodontitis and the incidence of CVD-related events [7,5].
Although DNA from oral bacteria has been found in atherosclerotic plaque in
animal experimental models [9] and humans [10, the contribution of these bacteria
to plaque formation remains unknown. Periodontal pathogens and their products
were reported to be a trigger of the atherosclerotic process in animal studies [7.5].
However, their effects in the human system remain unclear. The release of host-
derived inflammatory mediators, such as cytokines from the chronically inflamed
periodontal tissues into the circulation, may provide a link between periodontal dis-
ease and CVD [11,12]. Altered serological profiles of risk markers in patients with
periodontitis may result from an invasion of bacteria. Additionally, entry of their
products from the periodontal lesion into the blood stream and the consequential
induction and maintenance of a chronic inflammatory state also contribute to the
progression of CVD.

10.1517/14728222.2010.511616 © 2010 Informa UK, Ltd. ISSN 1472-8222
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Periodontitis and cardiovascular diseases

In this small article, we review pathological and immuno-
logical influence of periodontal pathogens to CVD and
some promising methodologies for prevention of the disease.

2. Coronary arterial disease and periodontitis

Recent studies suggest that chronic inflammation plays an
important role in the development of coronary arterial disease
(CAD). Because periodontal disease is an enhancer of several
chronic inflammatory factors such as MMPs [13-15], an etio-
logical relationship between periodontal disease and CAD
was proposed. For these reasons, there is strong interest in
evaluating whether periodontal disease is independently asso-
ciated with CAD [(16-18]. Humpbhrey et 4l revealed that peri-
odontal disease is associated with increased risk of CAD
using a meta-analysis (19]. They concluded that periodontal
disease is a risk factor or marker for CAD, and is independent
of traditional CAD risk factors. Nakajima ez 4/, also revealed
that periodontitis is associated with increased risk of CAD
through dysfunction of endothelial cells, induced by either
periodontopathic bacteria or their products (201. CRP concen-
trations were higher among patients who subsequently
developed myocardial infarction compared with those with-
out the disease. However, there was no report to elucidate
the relationship between specific gingival bacteria infection
and CAD.

We recently revealed that there is an association between
periodontitis and CAD, particularly acute coronary syndrome
(ACS). A total of 28 CAD patients participated in the study.
Coronary angiography, periodontal examination and dental
radiography were performed in all patients. Subgingival
plaque, saliva and blood samples were analyzed for the
periodontopathogens Aggregatibacter (formerly Actinobacillus)
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella
Jorsythia, Treponema denticola, and Prevotella intermedia
using PCR. Specific serum antibody titers to the five peri-
odontal pathogens were determined by ELISA. We found
that 33% of the ACS patients harbored 4. actinomycetemcomi-
tans in oral samples, whereas no A. actinomycetemcomitans was
found in the patients with chronic CAD. Furthermore, ACS
patients showed significantly higher serum IgG titers to
A actinomycetemcomitans compared with chronic CAD
patients. Thus, we concluded that a specific periodontal
pathogens may play a crucial role in the development of
ACS p211.

3. Peripheral arterial disease and
periodontitis

There are several papers demonstrating the relationship
between peripheral arterial disease (PAD) and periodontitis.
Buhlin e 4l revealed the association by determining the
plasma levels of some risk markers for PAD in cases
with periodontitis [22.23). Statistical analyses revealed a
significant association between periodontitis and high levels

of C-reactive protein (CRP), fibrinogen, IL-18 and antibodies
against heat shock protein (Hsp) 65 and 70. They also showed
the effect of infection control of periodontitis on the preva-
lence of the risk factors. One year after the initial treatment,
IL-18 and other levels decreased. Thus, standard treatment
for periodontal disease induces systemic changes in several
biochemical markers that reflect the risk for PAD.

Chen e al. also revealed that periodontitis was associ-
ated with PAD using tissue specimens [24]. They identi-
fied P. gingivalis, T. denticols, A actinomycetemcomitans,
P. intermedia in tissue specimens taken from the anastomotic
site of distal bypasses PCR. In the study, periodontopathic bac-
teria were detected in 52% of atherosclerotic specimens. Severe
(Fontaine grade UI or IV) patients showed higher detection fre-
quency of P. gingivalis than mild (Fontaine grade II) patients.
After adjusting for age, sex, diabetes and smoking, periodon-
titis increased fivefold the risk of having PAD. They also
showed that periodontitis was associated with increased serum
IL-6 and TNF-o concentrations.

Buerger disease also showed the significant relationship to
periodontitis. Iwai e al. revealed that DNA of oral bacteria
was detected in 13 of 14 arterial samples and all oral samples
of patients with Buerger disease (251. While 7_ denticola was
found in 86% of the arterial samples, other pathogens were
found in 14 to 43% of the samples. A pathological examina-
tion revealed that arterial specimens showed the characteristics
of an intermediate-chronic-stage or chronic-stage lesion of
Buerger disease. They reported that the patients with Buerger
disease had high prevalence of severe periodontitis with
higher serum IgG titers against 7. denticola, P. gingivalis
and A. actinomyceterncomitans [26). They also found that the
patients had increased titers of serum anti-cardiolipin antibody
compared with healthy subjects [271. These results suggest that
periodontitis influences the development of PAD.

4. Aortic aneurysm and periodontitis

Abdominal aortic aneurysm (AAA) is a common and lethal dis-
order in the aging population [28,29). Inflammation and MMPs
appear to play a critical role in AAA development and progres-
sion [30]. Human AAA tissue samples demonstrated severe
inflammatory infiltrates in both the media and adventitia [31,32].
An increased expression of MMPs has been observed in human
aneurysm tissue specimens [33-37). It is well known that MMPs
play key roles in periodontal diseases. Periodontopathic bacteria
generate host immunological inflammatory responses, thus
resulting in the secretion of cytokines and MMPs [38], and
eventually leading to the extracellular matrix destruction of
the periodontal tissues [39]. Some studies reported the detection
of periodontal bacteria in AAA specimens. Periodontopathic
bacteria, especially P. gingivalis was present in a high percentage
of specimens of AAA and were also found throughout the
whole aneurysmal wall (0. Thus, periodontopathic bacteria
may play a role in the development of AAA, but the influence
of these bacteria on the aneurysmal wall has not yet been
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proven. To determine the effect of the periodontal microorgan-
ism on the AAA, we made a novel murine AAA model, which
was produced by the periaortic application of 0.25 M CaCl,.
The mice received inoculations of either live P. gingivalis,
A. actinomycetemcomitans or vehicle. Four weeks after the appli-
cation of CaCly, the P. gingivalis-challenged mice showed a
significant increase in the aortic diameter in comparison with
the vehicle control mice while the A. actinomycetemcomirans-
challenged mice showed no significant increase. Immunohisto-
chemically, the CD8- and MOMA2-positive cells and the
level of MMP-2 in the aneurysmal samples of P. gingivalis-
challenged mice were also significantly higher than that
inoculated with vehicle. We found that the P. gingivalis,
but not A actinomycetemcomitans, infection accelerated the
progression of AAA due to the increased expression of MMPs
(Aoyama N, unpublished).

5. Vitamin D is a key factor for periodontitis
and cardiovascular diseases

Although vitamin D is well known to regulate calcium and
phosphorus metabolism, it also has a physiological effects
beyond its role in skeletal homeostasis. Recently, it was
revealed that vitamin D is an immunomodulator which tar-
gets various immune cells, and modulates both innate and
adaptive immune responses. Thus, vitamin D plays a crucial
role in maintenance of immune homeostasis 41). Several epi-
demiological studies have linked inadequate vitamin D levels
to a higher susceptibility to immune-mediated disorders (42,431,
including cardiovascular diseases [44]. It is believed that main-
taining adequate vitamin D levels might in part prevent
these common diseases [45]. It has been reported that low
serum vitamin D levels were independently associated with

Suzuki, Aoyama, Ogawa, Hirata, lzumi, Nagai & Isobe

periodontal and cardiovascular diseases [46,47). Notably, vita-
min D insufficiency is associated with increased circulating
CRP levels, and vitamin D supplementation decreases circu-
lating CRP levels 48]. Thus, the elevated CRP levels observed
in periodontal and cardiovascular disease might be a surrogate
for vitamin D insufficiency.

6. Conclusion

In this brief article, we have demonstrated the relationship
between periodontopathic pathogens and cardiovascular dis-
cases. We have also elucidated that each gingival bacterium
caused different condition of cardiovascular diseases.

7. Expert opinion

Although several periodontopathic bacteria play a serious role
in the development of cardiovascular diseases, the influence of
these bacteria has to be elucidated because of the lack of
appropriate investigations. Thus, further experimental and
clinical studies should be conducted to elucidate the patho-
physiology and relationship between periodontitis and cardio-
vascular diseases. Meanwhile, clinicians should optimize the
periodontal conditions in patients with cardiovascular risk
factors for primary and/or secondary prevention. Finally, it
is plausible that this simple treatment of periodontitis might
provide as much or even more benefit than the standard
treatments for cardiovascular diseases.
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Case Reports

Diagnostic Efficacy of Coronary CT Angiography as a Follow-up
Modality for Procedure-Related Coronary Dissection

Eriko Hasumi,' MD, Hiroshi Iwata,' MD, Kan Sarto,’ MD, Katsuhito Fustu,! MD,
Jiro ANDO,' MD, Yasushi ImMa1," MD, Hideo Fusrta,' MD, Yasunobu HiraTa,' MD,
and Ryozo NaGAL' MD

SUMMARY

Procedure-related coronary dissection is associated with an increased risk of major adverse cardiovascular events
after percutaneous coronary intervention (PCI). In most patients with such an iatrogenic complication, further PCI or by-
pass surgery aimed at complete revascularization is performed. Moreover, conventional coronary angiography has been
used as a standard modality in the follow-up of such patients. The present report describes a 70 year old female patient
who was complicated by catheter-related extensive coronary dissection in the right coronary artery (RCA) when treated
for an acute myocardial infarction. Although RCA flow was insufficient, we decided against revascularization and fol-
lowed her medically without additional revascularization procedures. Her clinical course had been uneventful for 4 years,
However, symptoms of effort angina developed and re-examinations were performed at approximately 5 years after the
myocardial infarction. Although conventional coronary angiography failed to show the culprit lesion responsible for the
angina symptoms, the superior spatial resolution of the coronary CT angiography clearly identified significant progres-
sion of the stenotic lesion in the true lumen of the dissected RCA. Thus, coronary CT angiography might be considered
as a possible first-line follow-up modality in patients with procedure-related coronary dissection. (Int Heart J 2011; 52:
240-242)

Key words: PCl-related coronary dissection, Coronary CT angiography, Evaluation of true lumen, Coronary stenosis

threatening complications of percutaneous coronary

intervention (PCI) and it is associated with an increas-
ing risk of adverse outcomes. Most patients complicated by
coronary dissection are followed by conventional coronary an-
giography. However, as coronary CT angiography is less inva-
sive and superior in the visualization of the three-dimensional
structure of the complex vasculature in dissected coronary ar-
teries, its use may be appropriate in the follow-up of such pa-
tients. :

Pocedure-relatcd coronary dissection is one of the life-

CASE REPORT

A 70 year-old female who had a history of medically
treated hypertension and dyslipidemia was admitted to our
hospital complaining of worsening chest discomfort on effort.
Five years before admission, she was admitted to another hos-
pital due to severe chest pain at rest. She was diagnosed as
having acute ST-segment elevation myocardial infarction
(STEMI) with ST-segment elevation in leads II, I, and aVF in
a 12-lead electrocardiogram and had decreased motion in the
inferior wall of the left ventricle in echocardiography. Since
severe stenosis (90%) in the proximal portion of the RCA was

revealed by emergent coronary angiography, although there
was no significant stenosis in the left coronary artery (LCA),
she was moved to subsequent rescue PCI at the same hospital.
A7 French guiding catheter (Judkins-right shape) was engaged
in the RCA and a 0.014 inch soft-tip guide wire was used to
pass through the culprit lesion that was located at a severe an-
gulation in the proximal portion of the RCA (Figure 1a, ar-
row). However, soon after starting the procedure, spiral and

Figure 1. Angiographical findings before (a) and after (b) complicating
coronary dissections in RCA. a: severe stenosis in proximal portion of
RCA (arrow), b: coronary dissections from the ostium to posterior de-
scending artery of RCA (arrow heads).
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Figure 2. Changes in angiographical findings before (a), at 1 month (b),
6 months (c), and 5 years (d) after complicating coronary dissections with
intracoronary tears (arrow heads).

extensive coronary dissection in the RCA emerged (Figure 1b,
arrow heads). Intracoronary tears were clearly visvalized by
coronary angiography. Although much effort was expended to
identify the true coronary lumen using guide wires, it was un-
successful due to severe narrowing in the true lumen induced
by compression of the false lumen. Since flow in the RCA was
not sufficient (TIMI grade 2) at the end of the procedure, an
intra-aortic balloon pumping (IABP) device was placed for 3
days. Thallium stress scintigraphy at chronic phase demon-
strated the deterioration in the viability of the posterior wall of
the left ventricle. However, as the patient was asymptomatic
and her hemodynamics were stable, it was decided that no fur-
ther procedures would be conducted in consideration of proce-
dural risk. Coronary angiograms at 1 month (Figure 2b) and 6
months (Figure 2¢) still demonstrated an intracoronary tear
(Figure 2b, 2c, arrow heads), as well as insufficient right coro-
nary flow accompanied by an extremely complex coronary
vasculature of the true and false lumens.

However, her clinical course had been generally unevent-
ful and asymptomatic for over 4 years, although coronary
computer tomography (CT) angiography performed 4 years
later demonstrated the narrowing of the true lumen in the RCA
(Figure 3a arrow head). Five years after the onset of STEMI,
symptoms of effort angina had gradually develdped over a 1
month period. Since she was referred to our hospital, we per-
formed detailed and comprehensive follow-up examinations.
Conventional coronary angiography failed to clarify the appar-
ent difference from the angiography findings at 6 months after
STEMI with complex three-dimensional structure character-
ized by vascular screws of the true and false lumens in the
RCA (Figure 2c and d). On the contrary, the curved planar re-
construction method of coronary CT clearly demonstrated the
stenotic lesion responsible for the symptoms. The cross-sec-
tional view revealed significant progression in narrowing of the
true lumen, which was separated by an extensive intimal flap
in the RCA (Figure 3, arrows), in comparison with the findings
of the CT before development of symptoms. After careful con-
sideration regarding the risks and benefits of RCA. revasculari-
zation, it was decided the patient would be treated with maxi-
mal antianginal agents, such as a nitrate, a beta-blocker, and a
potassium channel opener. Consequently, the chest symptoms
were brought under control and her clinical course has been
uneventful for 3 years without a need for rehospitalization.

(no symptom)

Figure 3. Coronary CT angiography successfully identified the lesion
(lines) where the true lumen stenosis of dissected RCA had progressed for
a year (arrows).

DISCUSSION

Despite rapid progress in the development of devices and
techniques, PCI procedures can still induce life-threatening
complications. Coronary dissection induced by PCI is associ-
ated with an increased risk of major adverse cardiovascular
events. The frequency of PCl-related coronary dissection in the
recent drug-eluting stent era has been reported to be 1.2-9.2%."
Huber, et al described the relationship between morphological
complexity in accordance with the classification of the Nation-
al Heart, Lung, and Blood Institute (NHLBI) and in-hospital
adverse outcomes.” In addition to extensive manipulation of
devices or contrast infusion, established risk factors of proce-
dure-related coronary dissection include the use of Amplatz
guiding catheters and coronary artery anatomical anomalies.”
The gold standard for the treatment of coronary dissection is to
pass a guide wire through the true coronary lumen and to se-
cure coronary flow by expanding that with a balloon followed
by complete coverage with a stent(s).” However, coronary by-
pass graft surgery should be considered without delay in cases
where it is extremely difficult or impossible to pass a guide
wire due to severe narrowing or closure of the true lumen and
serious consequences caused by residual and ongoing ischemia
of the target vessel can be predicted.

In the present case, a procedure-related spiral dissection
covering almost the entire length of the RCA was complicated
by engaging a guiding catheter for the treatment of STEMI.
According to the angiographical classification of procedure-re-
lated coronary dissection, the present case was classified into
the group in which major adverse events, such as additional
revascularization procedures or in-hospital myocardial infarc-
tion were found in more than 50% of cases.” This case was in-
deed accompanied by severe stenosis or closure of the true lu-
men and this resulted in unsuccessful revascularization
followed by myocardial infarction. Because the patient was
hemodynamically stable with JABP and medications, further
revascularization was not performed. At almost 5 years later,
symptoms of effort angina gradually developed and reevalua-
tion of the coronary artery was performed. While the extremely
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complex coronary vasculature of the true and false lumens
made precise evaluation of RCA flow difficult by conventional
coronary angiography, coronary CT angiography was able to
detect significant progression of the stenosis in the true coro-
nary lumen.

Since affected vessels are usually revascularized in most
cases without any insufficient coronary flow remaining, the
natural clinical course of procedure-related coronary dissection
has been rarely studied and reported. Therefore, a follow-up
modality for patients with such a complication has not been
established. However, the present case suggests that, for pa-
tients with residual dissection caused by procedures, coronary
CT angiography might be considered as a first-line follow-up
modality because it is less invasive (coronary angiography
might cause exacerbation of the coronary dissection) and it is
suitable for the accurate evaluation of vascular lumen, even in
the presence of a very complex coronary vasculature of true or

Int Heart J
July 2011

false lumens.
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IRF3 regulates cardiac fibrosis but not hypertrophy in
mice during angiotensin II-induced hypertension
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ABSTRACT Hypertension is a typical modern life-
style-related disease that is closely associated with the
development of cardiovascular disorders. Elevation of
angiotensin II (ANG II) is one of several critical factors
for hypertension and heart failure; however, the mech-
anisms underlying the ANG II-mediated pathogenesis
are still poorly understood. Here, we show that ANG
I-mediated cardiac fibrosis, but not hypertrophy, is
regulated by interferon regulatory factor 3 (IRF3),
which until now has been exclusively studied in the
innate immune system. In a ANG Il-infusion mouse
model (3.0 mg/kg/d), we compared IRF3-deficient
mice (I3~ /Bel21127/7) with matched wild-type
(WT) controls. The development of cardiac fibrosis
[3.95£0.62% (WT) vs. 1.41%0.46% (I3~ /Bd2l127/7);
P<0.01] and accompanied reduction in left ven-
tricle end-diastolic dimension [2.89%+0.10 mm (WT)
vs. 3.51%0.15 mm (I3~ /Bcl2l127/7); P=0.012]
are strongly suppressed in Irf3~//Bcl2l127/~ mice,
whereas hypertrophy still develops. Further, we provide
evidence for the activation of IRF3 by ANG II signaling
in mouse cardiac fibroblasts. Unlike the activation of
IRF3 by innate immune receptors, IRF3 activation by
ANG 1II is unique in that it is activated through the
canonical ERK signaling pathway. Thus, our present
study reveals a hitherto unrecognized function of IRF3 in
cardiac remodeling, providing new insight into the pro-
gression of hypertension-induced cardiac pathogenesis.—
Tsushima, K., Osawa, T., Yanai, H., Nakajima, A.,
Takaoka, A., Manabe, 1., Ohba, Y., Imai, Y., Taniguchi, T.,
Nagai, R. IRF3 regulates cardiac fibrosis but not hyper-
trophy in mice during angiotensin IFinduced hyperten-
sion. FASEB J. 25, 1531-1543 (2011). www.fasebj.org

Key Words: cardiac remodeling * inflammation - heart failure

CONGESTIVE HEART FAILURE (CHF) is a chronic, costly,
and often fatal cardiacrelated illness that is most
frequently caused by hypertension (1). Hypertension-
mediated excessive overload to the left ventricle (LV)
causes cardiac remodeling, which includes concurrent

0892-6638/11/0025-1531 © FASEB

myocyte hypertrophy and interstitial fibrosis. In the
early stage of hypertension-induced pathogenesis, car-
diac remodeling is considered to be an important
adaptive response to maintain cardiac output (2, 3).
Indeed, an increased LV wall stress is compensated for
by an increased contractility of cardiac myocytes, lead-
ing to myocyte hypertrophy and LV wall thickening. In
addition, an increase in tensile stress from interstitial
fibrosis prevents ventricular deformation by transmit-
ting the force generated by hypertrophied myocytes to
the entire ventricle. In the later stages of cardiac
remodeling, however, excessive mechanical load in
myocardium leads to myocyte loss and replacement
with fibrosis, which is responsible for increased myocar-
dial stiffness and decreased pumping capacity. Conse-
quently, a prolonged overload of the LV leads to the
breakdown of these compensatory mechanisms, lead-
ing to CHF (2, 3).

Angiotensin II (ANG II) is a vasopressor, octapeptide
hormone intermediate of the renin-angiotensin system
(RAS) that has received much attention as a critical
factor in the development of hypertension and heart
failure. Normally, the RAS is activated to increase blood
pressure in response to hypotension, decreased sodium
concentration in the distal tubule of the kidney
nephron, decreased blood volume, and renal sympa-
thetic nerve stimulation. However, in conditions of
cardiac pathogenesis, ANG II levels increase as a result
of the aberrant production of ANG Ilforming serine
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