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Cardiovascular disease (CVD) is one of the leading causes of death worldwide, accounting for 16.7 million
deaths per annum according to the World Health Organization. CVD encompasses a wide spectrum of cardiac pa-
thologies including 5.3 million people living with heart failure in the USA alone and this value is expected to dou-
ble by the year 2030 as the “baby boomer” generation ages. Heart failure develops as a result of prolonged stress
which can be caused by numerous conditions including myocardial infarction, valve defects and hypertension.
These conditions initially place the heart under stress which induces adaptive cardiac hypertrophy. However, over
time the stress leads to maladaptive hypertrophy, ventricular dilation and contractile impairments such as systolic
dysfunction. Although much effort has been directed toward understanding the mechanism underlying heart failure
progression and developing therapeutic approaches to treat and/or prevent heart failure, there still is no cure avail-
able. Because of limitation of current therapies for heart failure, the mortality for heart failure patients is extremely
high with patients only having a 50% chance of surviving 3 to 5 years after diagnosis. Therefore, additional studies
are required to increase understanding of the therapeutic targets and the signals involved in loss of cardiac function

during progression of heart failure. The main achievements of my research are summarized below.

1. Targeting Akt for cardioprotection by vanadium compounds on myocardial ischemia/reperfusion-in-
duced injury. In the cardiovascular system, Akt, also named protein kinase B plays critical roles in the regula—
tion of cardiac hypertrophy, angiogenesis, and apoptosis. Firstly, I found that Akt signaling is significantly im-
paired in rat heart following myocardial ischemia-reperfusion (MIR) injury with concomitant deregulation of the
downstream Akt pathways. To rescue heart from MIR-induced injury and contractile dysfunction, I introduced a
novel Akt activator, bis(1-oxy-2-
pyridinethiolato)oxovanadium (IV)
[VO(OPT)]. The VO(OPT) adminis—
tration in MIR model rats upregulated
Akt signaling in the cardiomyocytes
and significantly reduced the isch—
emia—induced infarction (Fig. 1). Akt
activation induced phosphorylation

of proapoptotic protein Bad, thereby

reducing mitochondria-dependent

apoptosis. Moreover, VO(OPT) treat—

ment abolished dephosphorylation of  gjg_ 1. Putative mechanism of myocardial protection by VO(OPT).
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ischemia/reperfusion injury, thereby inhibiting expression of Fas ligand and Bim. Furthermore, VO(OPT) treatment
after ischemia/reperfusion promoted expression of FLIP through Akt activation, thereby further inhibiting activation
of Fas/Fas-ligand intracellular signal (Fig. 1). Taken together, VO(OPT) treatment during ischemia/reperfusion is
likely beneficial as a cardioprotective drug in subjects undergoing reperfusion therapy following a myocardial in-

farction.

2. A novel rat model of postmenopausal myocardial hypertrophy with impaired Akt-mediated eNOS signal-
ing. Secondly, I documented that the pathological hypertrophy induced by pressure overload causes an inactivation
of Akt signaling in the heart. I introduced a novel heart injury model using ovz‘ariectomized (OVX) and pressure
overloaded (PO) female rats, which is attractive model for testing cardioprotective drugs in hypertension—induced
cardiac inj@ in postmenopausal women. Using this model, I confirmed that ovariectomy aggravates pressure over—
load-induced hypertrophy. The cardiac injuries in OVX-PO rats were associated with impairments of both Akt and
Akt—-mediated eNOS signaling pathways (Fig. 2). Interestingly, rats subjected to OVX-PO were unable to compen-
sate cardiac dysfunction following hypertrophy, thereby increasing mortality following repeated injection of isopro-
terenol. To confirm the causative role of impaired Akt-mediated eNOS signaling in OVX-PO-induced cardiomy-
opathy, the OVX-PO rats were administered with VO(OPT) for two weeks after OVX-PO surgery. The VO(OPT)

administration significantly restored the reduced Akt activity and increased Akt-mediated eNOS activation (Fig. 2).
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hypertrophy and dysfunction.
Sigma-1 receptor (Sig—1R) is widely



expressed as integral membrane protein with two transmembrane domains. The physiological relevance of the enig-
matic Sig-1R in heart remains unclear. To clarify the physiological and pathological role of Sig-1R on the heart
function, 1 first observed the expression of Sig-1R in normal rat heart and also in pathological condition, mainly
PO-induced hypertrophy in OVX rats. I demonstrated, for the first time, the potential role of Sig-1R expression in
the heart to attenuate PO-induced hypertrophy in OVX rats. Sig-1R expression decreased time dependently along
with progression of cardiac hypertrophy with significant decreased expression observed 4 weeks after OVX-PO.
To confirm the cardioprotective role of Sig—1R on the heart against PO-induced hypertrophy, I treated the rats with
the endogenous ligands for Sig—-1R. Neurosteroid dehydroepiandrosterone (DHEA), also known as Sig—1R agonist,
elicited Sig—1R upregulation and stimulated Sig-1R-mediated activation of the Akt-eNOS signaling in hypertro—
phied cardiomyocytes in OVX-PO rats (Fig. 3). Moreover, DHEA could protect the kidney and aortic endothelial
cells via stimulation of the Akt signaling pathway. Thus, as Akt signaling is downstream of Sig-1R, Sig—1R-medi-

ated eNOS activation is essential to attenuate PO-induced cardiac hypertrophy and injury (Fig. 3).
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Fig. 3: Schematic presentation of DHEA-mediated mechanisms of cardioprotection through Sigma-i recep-
tor

In summary, I proposed novel mechanisms of detrimental cardiac remodeling through Akt downregulation, which
accounts for cardiac decompensation in MIR- and PO-induced cardiac injuries. I also provided a novel therapeutic
strategy for ischemia— and hypertension-induced cardiac injuries by rescuing Akt signaling by VO(OPT) and el-
evating Sig-1R/Akt signaling by DHEA. Finally, OVX-PO female ra;ts are attractive model to test therapeutics for

cardiovascular events especially in postmenopausal women.
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BRREEETHIGME, KROE, FRBIRZ S ICHTIEHRERESHAZILTHDICLHLT,
DREBRIILHRICBOTREERO Ly 7 Th b, #ic, LIEXYOLRLICERT D AN =X A
ORI &L TR LR S DERBEITRIZESIENTWRY, #-oT, LDAZERD A B =X b LIERHE
DHERPEELDBERLZESBREDOHBRIE QOL 2EDBIHDITLETH S, AHFETIE 1) EIRBIK
DEDFBERT v M 2RV THFROBEERENF VU 2EREEOLHREER L EDOAI=ZL%H -
ST LTz, 2) SRR HIMEN: S v 2 BWT, EARIC X 2. OFHREEIC protein kinase B (Akt) & PR RY
—BCERERBER (eNOS) OBEEET 035 Z L 2B L Lz, 3) SRRMIHERFMIET v biC
150757Q\ﬂ?55ﬁ%01561 L T sigma-1 ZHEEDOT TR N BERHRIEREL 2D L EHLPIC LI

Akt i35 & MRS D EFFICSHADB X %2 LTV, Bhuiyan KITDFEE T » b QLT Akt iEHESRE
CRATBZ L, FORR A ICI VIEMILIh D eNOS OREENEZDSZ LWL Lz, AH%E
ERF O D BSEE S UDIBIZ IV T Akt ZIEMEIE LT eNOS BELMEIT 2 Z &, RKHC, LHOE
EY A ZXLEBICHINTIZLRERALRL, RIC, BREOLMETOBLECLDBREBEED AN =
RABREONTINEBHERTMES v hNERAVWTHL2C Lz, LHEEET VT v b EFEERIC, Akt
L eNOS DHEEE T RLHEEIZELBbo Tz, &I, sigma-l RBEEDOF Y L Fal— 3
Vb DESERECEDS LV O H LVARLEE L. E{LMmEIRLE L THS dehydroepiandrosterone

(DHEA) 725 sigma-1 SREHBERAZMA LT, NEMEMET © FOEATIC X D.0BERE ZT2IC
B X% Z L % 3FB L7z, Bhuiyan KO EILLARE~OEREHHTIH LW — MeEd At
Lz ez T, DERBRERRICBIT2FHRAEY -7y ML LT, sigma-] REEZ T TH
ODTRELZATRKWCFHETE 5.
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