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Figure 2. Representative splicing mutations in our study. (A) C-to-T
(c.6452-6457) (underlined) identical to that of IVS52+1 to +6 (gtgagt)

substitution at nucleotide position 6453 produced a 6-nucleic acid sequence
(underlined), and this was recognized as the splicing donor site. The following

nucleotides of exon 52 from this point were deleted in the mutant allele. (B) The fifth nucleotide at the beginning of intron 11 was substituted from G to A
(c.IVS11+5G>A). Resequencing of complementary DNA revealed that the latent splice donor site within exon 11 (underlined) was activated and became
a new splice donor site and created the frame-shift mutation. (C) The last nucleotide of intron 34 was substituted from G to A (c.IVS34-1G>A). Resequencing
FBNI complementary DNA obtained from the peripheral blood demonstrated the splicing aberration, resulting in the deletion of 11 nucleotides of exon 35.

satisfactory, although their aortas dilated gradually later on.
One patient met the revised Ghent criteria after genetic analysis
of FBN1. Although further studies are warranted to clarify the
properties and usefulness of the novel Ghent criteria, genetic
testing is more important, although it 1s not mandatory. In such
a setting, a high-throughput resequencing method such as the
present microarray-based resequencing system can be a pow-
erful tool for making an accurate diagnosis of MS.
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Introduction: NF-xB is a key regulator of inflammation and immunity in can-
cer development. The IkB kinase (IKK) is a multisubunit complex containing
catalytic subunits termed IKK-o, -B and -y. It is well known that many

pro-inflammatory stimuli require the IKK-8 subunit for NF-xB activation.

on inflammatory and other diseases.
Expert opinion: Various synthesized IKl

 eg lafion of mﬂammauon and immu-

most of ou
by infections -inflammatory cytokines which activate IKK complex. This
complex is composed of two catalytic subunits, IKK-¢t and -B, and a regulatory sub-
unit, IKK~y (NF-xB essential modulator; NEMO). The IKK complex phosphory-
lates NF-xB-bound IkBs, thereby targeting them for proteasomal degradation and
liberating NF-xB dimers that are composed of REL-A (known as p65), REL and
p50 subunits to enter the nucleus and mediate transcription of target genes. This
reaction muostly depends on the catalytic subunit IKK-B, which carries out IxB
phosphorylation. The non-canonical pathway involves the upstream kinase
NF-kB-inducing kinase leading to the phosphorylation and processing of p100 in
response to certain members of the TNF family. The two pathways switch on
different gene sets and, therefore, mediate different immune functions. The contri-
bution of the canonical pathway to acute inflammation and cell-survival mecha-
nisms is well accepted, and sustained NF-xB activation in various malignancies
has been described. Owing to the variety of target genes of the canonical pathway,
which include those encoding mediators of inflammation, cytokines, chemokines,
proteases and inhibitors of apoptosis (Figure 1), it has been proposed that canonical
NF-xB activation might link inflammation to tumor promotion and progression [s].
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Figure 1. Canonical and non-canonical pathways of NF-kB.

Gene-targeting  experiments revealed that many pro-
inflammatory stimuli required IKK-f subunit for NF-xB
activation {6). Thus, IKK-deficient mice died in the embryonic
or perinatal periods (IKK-0.”~, -B or -y”) demonstrating
their critical role [78l. Dominant-negative IKK- blocks
NF-xB-dependent transcription, while IKK-ot plays a role
only in response to certain stimuli and in limited cells.
Recently, novel synthesized chemical compounds that act as
IKK inhibitors have been developed. They are the phosphor-
ylation inhibitors of IxB that act via inhibition of IKK-
and/or -B. To clarify the effects of the inhibitors, we review
previous articles on inflammatory diseases.

2. Reagents

IMD-0354 (IV-(3,5-bis-trifluoromethyl-phenyl)-5-chloro-
2-hydroxy-benzamide) (9,100 and IMD-0560 (V-(2,5-bis-
trifluoromethyl-phenyl)-5-bromo-2-hydroxy-benzamide) [11]
were developed as novel IKK inhibitors. They are the phos-
phorylation inhibitors of IxB that act via inhibition of
IKK-B. IMD-0354 (molecular mass, 384.1, Figure 24) was
molecular-designed, synthesized and provided by the Institute
of Medicinal Molecular Design, Inc. (Tokyo, Japan). The 3D

structure of a kinase domain of IKK-B was constructed by
homology modeling with protein kinase A as a template.
The structure of active IKK-B was estimated by referring
to a model of IKK regulation. The molecular structure of
IMD-0354 was designed by analyzing a binding mode
of aspirin to IKK-B. To investigate the characteristics of
IMD-0354, we performed a NF-kB-IKK-B reporter assay
with the constitutively active mutant IKK-B. IMD-0354
inhibited the activated expression of NF-kB in a dose-
dependent manner in HepG2 cells that were transfected with
pFLAG-CMV-IKKh (S177E/S181E) vector. IMD-0354 also
decreased the levels of cytosolic phospho-IkBat in TNF-ot
stimulated cardiomyocytes in a dose-dependent manner.
The kinetics of NF-xB translocation was consistent with the
degree of phosphorylation of cytosolic IkBa.. The transloca-
tion was blocked markedly by treatment with IMD-0354.
TNF-0-induced production of IL-1¢t and monocyte chemoat-
tractant protein-1 (MCP-1) from cultured cardiomyocytes
were reduced significantly by IMD-0354. Taken together,
IMD-0354 inhibits IKK-B, resulting in the blockade of
IxBow phosphorylation. k

Another IKK inhibitor, IMD-0560 (molecular mass 428.1),
was also synthesized and provided by the Institute of Medical

Expert Opin. Investig. Drugs (2011) 20(3)
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Figure 2. Chemical structures of the chemical compounds A, IMD-0354; B, BMS-345541; C, PS-1145; D, SC-514; E, ACHP and

F, Bay 65 - 1942.

Molecular Design using the same methodology of IMD-0354.
IMD-0560 inhibited the activated expression of NF-xB in
HEK293T cells transfected with the p-FLAG-CMV-IKK-f§
(S§177E/S181E) vector in a dose-dependent manner. Further,
pretreatment with IMD-0560 dose-dependently suppressed
the DNA binding activity of NF-xkB. IMD-0560 also
suppressed the nuclear translocation of NF-xB and phos-
phorylation of IxkBa induced by TNE-o. in fibroblast-
like synoviocytes (FLS). Further, this compound suppressed
the production of inflammatory cytokines and chemokines;
it also inhibited the proliferation of FLS without showing
cellular toxicity [11,12].

BMS-345541,  4(2"-aminoethyl)amino-1,8-dimethylimi-
dazo(1,2-0) quinoxaline, was reported as a highly selective
inhibitor of IKK that inhibits NF-kB-dependent transcription
of pro-inflammatory cytokines (Figure 2B). BMS-345541 was
identified as a selective inhibitor of the catalytic subunits of
IKK (IKK—B ICso =0.3 pM, IKK-o0 IC50 =4 }lM) This inhib-
itor appears to bind to an unidentified allosteric-binding site of
the IKK catalytic subunits. The compound failed to inhibit a
panel of 15 other kinases and selectively inhibited the stimu-
lated phosphorylation of IkB in cells. It also failed to affect
c-Jun and STAT3 phosphorylation, as well as MAPK-2
actvation in cells. The compound has good pharmacokinetic

Expert Opin. Investig. Drugs (2011) 20(3)
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- characteristics (oral bioavailability 100%, intravenous
half-life 2.2 h), which makes it particularly well suited for
use in investigating the udlity of IKK inhibitors in disease
models [13].

PS-1145, N-(6-chloro-9H-B-carbolin-8-yl) nicotinamide,
was also reported (Figure 2C) [14. The compound PS-1145
was tested for its ability to block the phosphorylation of
IxBat in Hela cells following TNF-o stimulation. Immuno-
blot analysis showed a dose-dependent inhibiton of
phosphorylated IxBo. It then evaluated the effects of the
compound on NF-xB activation by measuring DNA binding
activity after TNF-o treatment in the same HeLa cells. EMSA
showed a dose-dependent inhibition of NF-xB activation by
the compound. Consistent with the inhibition of NF-xB acti-
vation, this compound also blocks the transcription of intra-
cellular adhesion molecule (ICAM)-1 in HUVEC primary
cultures [15]. PS-1145 inhibited TNE-o production with an
ICsp of 4.7 pM/1 [16).

SC-514, 5-(thien-3-yl)-3-aminothiophene-2-carboxamide,
was identified as another selective IKK inhibitor (Figure 2D).
This compound does not inhibit other IKK isoforms or
other serine~threonine and tyrosine kinases. SC-514 inhibits
the native IKK complex or recombinant human IKK-o/-f
heterodimer and IKK-B homodimer. IKK-§ inhibition by
SC-514 is selective, reversible and competitive with ATP.
SC-514 has several interesting effects; it does not inhibit the
phosphorylation and activation of the IKK complex, and
delays but does not completely block IxBa phosphorylation
and degradation. Thus, the effect of SC-514 on cytokine
gene expression is a combination of inhibiting IxBot phos-
phorylation/degradation affecting NF-xB nuclear import/
export, as well as the phosphorylation and transactivation of

p65 7.
ACHP,  2-amino-6-[2-(cyclopropylmethoxy)-6-hydroxy-
phenyl] -4-piperidin-4-yl-nicotinonitrile, was developed

and evaluated as a potent inhibitor for IKK-ot and -f
(Figure 2E). When massive screening was conducted, ACHP
was found to have specific inhibitory action on IKK-at and -P.
The ICsy values for IKK-ot and -B are 8.5 and 250 nmol/l,
respectively, measured by in wvitro kinase assays. ACHP
also showed good aqueous solubility and cell permeabi-
lity, thus, demonstrating high bioavailability in mice and
rats [18,19].

Bay 65 - 1942, {7-[2-(cyclopropylmethoxy)-6-hydroxy-
phenyl]-5-[(3S5)-3-piperidinyl]-1,4-dihydro-2Hpyrido[2,3-d]
[1,3]Joxazin-2-one hydrochloride}, was composed as an
IKK-B inhibitor (Figure 2F). Through competitive inhibition
of ATP at the IKK-B subunit, Bay 65 ~ 1942 prevented the
phosphorylation of IxBa by the IKK complex [20.

AS602868 is an anilinopyrimidine derivative and ATP
competitor, which inhibits IKK-f with an ICsy = 62 nmol/l
(K; = 20 nmol/l). The compound showed some inhibitory
effect on JNK2. In a series of tests on different cell lines,
AS602868 was shown to block phosphorylation of IxkB and
subsequent NF-xB activation [21].

NEMO binding domain (NBD) peptide was reported as an
IKK inhibitor [22. The specific molecular mechanisms of
NEMO-IKK interactions involve a C-terminal hexapeptide
core sequence present on both IKK-ot and -3. Peptides corre-
sponding to the IKK-f NBD have been found to disrupt the
association of recombinant NEMO with recombinant IKK-¢t
or -B in vitro. The cell-permeable versions of these peptides
blocked NF-kB activation in various cellular and animal
models of inflammation [23].

It is well known that some natural products, such as poly-
phenols, have various effects on IKK inhibition. Pan ez 4/.
investigated the inhibition of IKK activity in lipopolysaccha-
ride (LPS)-activated murine macrophages by various polyphe-
nols including (-)-epigallocatechin-3-gallate (EGCG) and
theaflavin-3,3"-digallate (TF-3). TF-3 inhibited IKK activity
in activated macrophages more strongly than the other poly-
phenols. TF-3 strongly inhibited both IKK-at and -B activity
and prevented the degradation of IkBat and IkBp in activared
macrophage cells. The results suggest that the inhibition of
IKK activity by TF-3 could occur by a direct effect on IKKs
or on upstream events in the signal transduction pathway [24].
Yang ez al. also revealed that EGCG was a potent IKK inhib-
itor because EGCG inhibited phosphorylation of IxBot and
decreased IKK activity in cytosolic extracts [25].

3. The effects on disease models

3.1 Cardiovascular diseases

Myocardial ischemia reperfusion injury is related closely to
inflammatory reactions. Morishita ez 4. revealed that inhibi-
tion of NF-xB using decoy oligodeoxynucleotides (ODNs)
reduced the extent of myocardial infarction following reperfu-
sion [26]. Thus, we investigated the efficacy of IxB phosphor-
ylation blockade using IMD-0354 in a rat myocardial
ischemia/reperfusion injury model 19. Treatment with
IMD-0354 resulted in a significant reduction of the infarction
area:area at risk ratio and the preservation of fractional
shortening. Histology showed that accumulation of poly-
morphonuclear neutrophils in the area at risk decreased
significantly. In wvitro study revealed that IMD-0354 inhi-
bited nuclear translocation of NF-kB induced by TNE-¢.
in cultured cardiomyocytes. IMD-0354 caused a signifi-
cant reduction of chemokine (MCP-1) production in a
concentration-dependent manner compared with vehicle-
treated cells. Therefore, we concluded that inhibition of
nuclear translocation of NF-xB by IMD-0354 could provide
an effective approach to attenuate ischemia/reperfusion injury
through chemokine suppression. Ventricular remodeling after
myocardial infarction is also related to inflammatory reac-
tions. Thus, we studied the effects of IMD-0354 (6 and
IMD-0560 (111 in a rat myocardial infarction model.
IMD-0354 or IMD-0560 administration reduced plasma
brain natriuretic peptide levels after myocardial infarction.
Either IMD-0354 or IMD-0560 treatment preserved left
ventricular fractional shortening after infarction. Histology

Expert Opin. Investig. Drugs (2011) 20(3)
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showed that IMD-0354 significantly reduced myocardial
macrophage infiltration and fibrosis. Western blot revealed
that IMD-0354 suppressed MCP-1 expression in non-
infarcted myocardial samples. Iz gel and in situ zymography
clarified that either IMD-0354 or IMD-0560 treatment sig-
nificantly suppressed MMP-9 activity in the non-infarcted
myocardium. Therefore, we concluded that both IMD-0354
and IMD-0560 significantly affect the preventon of
heart failure that is induced by ventricular remodeling after
myocardial ischemia via altered MMP activation.

BMS-345541 was tested for its ability to suppress graft
rejection in a murine heterotopic cardiac allograft model by
Townsend ¢z 4. The compound did not prolong graft survival
when administered at 50 mg/kg as a single agent. However,
graft survival was significantly increased when it was adminis-
tered with a suboptimal dose of cytotoxic T-lymphocyte
antigen-4 immunoglobulin or cyclosporine A compared
with either agent alone. They concluded that BMS-345541
may serve as a novel adjunctive therapy for the prevention
of graft rejection [27].

SC-514 examined the effects using rat aortic smooth mus-
cle cells. SC-514 treated cells' significanty reduced iINOS
induction, NF-xB DNA binding and IxBaot loss. The results
suggest that IKK-B plays a predominant, selective role in
the regulation of NF-kB-dependent induction of iNOS in
smooth muscle cells [28]. SC-514 inhibited all forms of recom-
binant human IKK-ot, including rhIKK-f homodimer,
rhIKK-0/-B heterodimer, as well as the constitutively active
form of rthIKK-f with comparable ICsy values in the
3 - 12 pM range [29].

Moss et al. also reported that Bay 65 ~ 1942 can provide
both acute and chronic cardioprotection and offers a clinically
accessible target for preventing cardiac injury following
ischemia reperfusion [30].

We demonstrated that tea catechins suppressed several
cardiovascular diseases. We performed oral administration of
catechins into murine and rat models of cardiac transplan-
tation (31], myocarditis [32], myocardial ischemia (33 and
atherosclerosis [34] to reveal the effects of catechins on the
inflammation-induced ventricular and arterial remodeling.
From our results, catechins are potent agents for the treatment
and prevention of inflammation-related cardiovascular dis-
eases, as they are critically involved in the suppression of
pro-inflammatory signaling pathways.

3.2 Lung injury

NF-xB plays a key role in the progression of lung injury.
Matsuda et al. revealed that NF-xB decoy ODNs prevented
acute lung injury in mice 35]. Thus, we examined the effects
of IMD-0354 to attenuate bleomycin-induced pulmonary
fibrosis in mice [36]. IMD-0354 reduced the collagen content
and fibrotic scores in the mice that received bleomycin. The
bronchoalveolar lavage demonstrated that the proportions of
neutrophils and lymphocytes decreased in mice treated with
IMD-0354. The results suggested that IMD-0354 might be

Suzuki, Ogawa, Muto, Itai, Isobe, Hirata & Nagai

useful to ameliorate inflammation in the lungs induced by -
chemical injury.

BMS-345541 is also known to affect acute lung injury.
Everhart et al. administered BMS-345541 to determine
whether intervention in the NF-xB pathway could prevent
progression of lung injury in the LPS pump model. They
revealed that treatment with BMS-345541 reduced lung
NF-kB activation, concentration of pro-inflammatory cyto-
kines and chemokines in lung lavage, neutrophil influx and
lung edema. Therefore, they concluded that sustained
NF-KB activation cotrelates with severity of lung injury and
that BMS-345541 is beneficial to suppress lung inflamma-
tion [37). PS-1145 also tested the effects using human ASM
cells and pulmonary epithelial cells iz vitro. As observed in
human ASM cells, PS-1145 reduced expression of several
adhesion molecules, cytokines and chemokines (38]. Similarly,
PS-1145 reduced NF-kB-dependent transcription induced by
IL-1B and TNF-0 in primary pulmonary epithelial cells (391.
Chapoval ez al. revealed the in vivo effects of PS-1145 using
IL-13 transgenic mice. While IL-13 induced tissue inflamma-
tion, fibrosis and alveolar remodeling, PS-1145 inhibited lung
inflammatory and structural cell apoptosis with suppression of
caspase activation [40].

3.3 Arthritis

Rheumatoid arthritis (RA) is affected by NF-kB activation.
Tomita et al. showed that NF-xB decoy ODN suppressed
the severity of collagen-induced arthritis in rats [41].
Thus, we evaluated the effect of IMD-0560 on collagen
type II-induced arthritis in mice (121. In this investigation,
IMD-0560 suppressed the nuclear translocation of NF-kB
and phosphorylation of IxB induced by TNF-a.. In addition,
this compound suppressed the production of inflammatory
cytokines, including IL-6 and -8. IMD-0560 was effective
against collagen-induced arthritis in mice via suppression
of pro-inflammatory cytokines. Thus, we concluded that
IMD-0560 could be a new therapeutic agent for RA.

BMS-345541 intensively evaluated the effects on RA.
Mclntyre ez al. revealed that BMS-345541 is efficacious
against collagen-induced arthritis in mice. BMS-345541
reduced the incidence of disease, inhibiting clinical signs of
disease. Histological evaluation of the joints showed that
BMS-345541 blocked inflaimmation and joint destruction.
Transcription levels of IL-1 in the joints were also inhibited
in the mice that received BMS-345541 42]. Pattoli et /.
also examined whether BMS-345541 directly inhibits
cytokine-induced metalloproteinase expression and cartilage
degradation. BMS-345541 inhibited IL-1-dependent expres-
sion of MMP-1, -3 and -13 in chondrosarcoma cells.
Thus, BMS-345541 blocks collagen degradation through
suppression of metalloproteinase expression [43].

Jimi er 4l. also revealed that the NBD peptide inhibited
RANKL-stimulated NF-%B activation and osteoclastogenesis
both iz vitro and in vive. This peptide significantly reduced
the severity of collagen-induced arthritis in mice by reducing
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levels of TNF-a and IL-1B, abrogating joint swelling and
reducing destruction of bone and cartilage (441.

3.4 Bronchial asthma

It is well known that NF-xB plays a critical role in induction
of allergic airway inflammation. Desmet ez 2/, revealed that
NF-xB inhibition using decoy ODN was associated with
strong attenuation of allergic lung inflammation, airway
byper-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 TNEF-0-induced expression of
IL-6, -8 and eotaxin dose-dependently in the airway smooth
muscle (ASM) cells as Keslacy ez al. revealed 471. Goto et 4.
also investigated the effect of BMS-345541 using human
ASM cells. They demonstrated that treatments with TNF-at
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 48).

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 e 4/. 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 4/. showed that ointment contain-
ing NF-xB decoy ODN prevented atopic dermatitis in a
mousé model (50. Thus, we examined the relevance of
IMD-0354 for atopic dermatitis by its topical application (511
To investigate the iz 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 ez 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# al. reported that NF-xB decoy ODN
inhibited hepatic metastasis of reticulosarcoma in mice
through a decrease in transactivation of important NF-kB-
driven genes [55]. 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-kB 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 4l. revealed that BMS-345541 treatment
resulted in the reduction of NF-kB 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 (s6). 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 [60-691. 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-0-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 NE-xB activation and
blocks the protective effect of SP600125 against apopto-
sis (60,61]. Akiyama ez 4/. revealed that PS-1145 blocks telome-
rase activity [62] and cell migration [63] in the myeloma cells. In
solid tumor cells, Yemelyanov ez al. 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 [66].

Bay 65 - 1942 induced growth suppression and death
in ells of imatinib- or dasatinib-resistant forms of chronic
myelogenous leukemia as Duncan e 4l showed (70
Lounnas et 4l. 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 2/, 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 ez al. showed that NF-xB decoy ODN pre-
vented fatal liver failure in a murine model [7¢}, IKK inhibitors
may prevent various liver diseases. Beraza ¢t /. showed that
AS602868 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 ¢# 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 17s].
Acharyya ez 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 [21. Thus, IKK inhibitors may
promote cancer development in some cases. Maeda er 4/,
revealed that deletion of the gene encoding IKK-f in the cells
resulted in a marked increase in tumor number, size, growth
rate and aggressiveness (81]. Chen er 4/l 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 inhibirors.

3.10 Clinical trials

IMD-1041, which is a prodrug of IMD-0354, specifically
inhibits IKK-B iz vive and in vitro (83). 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 dlinical trial
entitled ‘A Phase IIa, Proof of Concept Study to Evaluare
the Reduction in Inflammatory Biomarkers and Assess Airway
Function Following Administration of IMD-1041 in Patients
With COPD’ from 2009 (ClinicalTrials.gov Identifier:
NCTO00883584). 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 corrico-
steroids and NSAIDs. Corticosteroids are known to be potent
anti-inflammatory agents and suppressors of cytokine produc-
ton. The anti-inflammatory effects of corticosteroids are
mediated through inhibition of NF-xB 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 IxBat 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 iz 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
to expand the strategy of specific IKK inhibition for
clinical applications.
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7! 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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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 Furu,' MD,
Jiro ANDO,! MD, Yasushi Ima1,' MD, Hideo Furrta,! 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 symptomns, the superior spatial resolution of the coronary CT angiography clearly identified significant progres-
sion of the stenotic lesion in the true Iumen 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: PCI-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.

Procedure-related 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, III, 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 visualized 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 2c) 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 developed 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.

4 years after STEMI
(no symptom)

5 years after STEMI
(‘effort angina)

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 PCI-related coronary dissection in the
recent drug-cluting 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 IABP 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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