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Heart failure is defined as the pathologic state of impaired cardiac function rendering the
heart unable to maintain an output sufficient for the metabolic requirements of the body’s
tissuesand organs. Heart failure refractory to medical treatment consumes an ever
increasing amount of health care resources. Heart failure isamajor public health issue. It isa
major source of morbidity and mortality, is expensive to treat and is frequently treated
inappropriately.

Although progress has been made in our understanding of the basic pathophysiology of heart
failure, many mechanisms involved remain unclear. Applications of the techniques of
molecular and cell biology to the study of heart failure are providing new insightsinto the
mechanisms responsible for thisimportant clinical problems. The basic mechanisms
involved include beta-adrenergic recepters, cytokines, nitric oxide, and apotosis. Thereis
some evidence indicating that cytoskeletal proteins like tubulin and desmin are also crucial for
development of pathologic processed leading to heart failure. Here, using an animal model
of LV pressure overload, we would like to investigate the in vivo structural changes of
cytoskeletal proteins during the evolution to heart failure.  The two-dimensional gel
electrophoresis revealed that a small group of proteins are differentially expressed between
normal rats and those with one-month cardiac pressure overload. Thus far, we found that the
expression of two proteinase inhibitors was severely reduced. It should beintriguing to
explore whether enhanced proteinase activity might be involved in functional changes related
to heart failure. Nevertheless, these preliminary data showed that this model system should
be of great use in the studies about the cytoskeletal changes during the disease process.

Keywords : cytoskeleton, heart failure, post-tranglational modification, LC/IMS/IMS
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Heart failure refractory to medical treatment consumes an ever increasing amount of health
care resources (O’ Connell et al, 1994). Heart failure is a mgjor public heath issue. It isa
major source of morbidity and mortality, is expensive to treat and is frequently treated
inappropriately. Heart failure affects approximately 2.5% of the population over 45 years
(Ho et al, 1993), with 5-year surviva rates of 25% in men and 38% in women (Ho et al,
1993a; Ho et al, 1993b). Heart failure is associated with a shorter life expectancy than that
of many common malignancies (Ho et al, 1993b). Severa pharmacologic and surgical
approaches to the treatment of refractory failure are already being clinically applied,
evaluated in clinical trials, or are at various stages of development. Currently available
approaches for patients with refractory heart failure include intravenous inotropic therapy,
partial left ventriculectomy, dynamic cardiomyoplasty, mechanical circulatory support and
heart transplantation. However, heart transplantation still remains a conventional treatment
for end-stage heart failure. In the 21st century, the population of patients who progress to the
end-stage heart failure will continue to grow. The prevalence of heart failure in Taiwan is
also rising due to the increase of the overall age of the population, the success of medical
therapy for previously acutely devastating illnesses such as acute myocardial infarction, and
the application of therapies known to prolong the life of patients with heart failure. The cost
of management of heart failure is difficult to assess. The economic burden of cardiovascular
disease, which was the fourth leading cause of mortality in Taiwan in 1998, will continue to
increase in the future.

Although progress has been made in our understanding of the basic pathophysiology of
heart failure, many mechanisms involved remain unclear. Applications of the techniques of
molecular and cell biology to the study of heart failure are providing new insights into the
mechanisms responsible for this important clinical problems. The basic mechanisms
involved include beta-adrenergic recepters, cytokines, nitric oxide, and apotosis. Myocardial
beta-adrenoceptors are down-regulated in severe heart failure and beta-blockers therapy for
dilated or ischemic cardiomyopathy is now an accepted and effective treatment. Recent
evidences suggest that an inflammatory progress may be involved in the development of
heart failure. Cytokines, including tumor necrosis factor-alpha and interleukin-6, and nitric
oxide play a mgjor role in this inflammatory process. Previous studies (Birks et al., 1997)
have shown that tumor necrosis factor-alpha, interleukin-6, and inducible nitric oxide
synthetases are increased in patients of heart failure. Cytokines may be produced in heart
failure, and induce inducible nitric oxide synthetases, thus resulting in the production of
large amount of nitric oxide, which may act as a negative inotropy. Apoptosis, or
progranmed cell death, may also play some role in the process of cardiomyocyte
degeneration in patients with end-stage heart failure.
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Because of increasing number of heart failure patients and limited role of medical and surgical
therapies, it is imperative to understand the pathogenesis of heart faillure and prevent its
development. Here, using an animal model of LV pressure overload, we have investigated
the in vivo structural changes of cytoskeletal proteins during the evolution to heart failure.

P

Animals/7 Male Sprague-Dawley rats weighing 275-325 g (7-9 wk of age; Harlan
Sprague Dawley, Indianapolis, IN) have been used in all experiments. Rats were housed
two per cage with free access to food and water.

Surgical Induction of Pressure Overloadll Rats were randomly assigned to groups
[aortic constricted (AC) and sham operated (SO)] and time points (3, 10, 30, or 60 days; n
= 8 ratsd/group at each time point). Rats were anesthetized by ketamine hydrochloride
plus acepromazine maleate (90 and 0.02 mg/kg ip, respectively; Fort Dodge Laboratories,
Fort Dodge, 1A) and prepared for surgery under aseptic conditions. After a midline
abdominal laparotomy, pressure overload was induced by suprarena abdominal aortic
constriction using a tantalum Weck hemoclip (Pilling Weck, Research Triangle Park, NC)
tightened to the diameter of a 22-gauge needle. Control rats underwent sham surgery
consisting of midline laparotomy and isolation of the suprarenal abdomina aorta without
constriction.  The muscle was sutured, and the skin was closed using surgical wound clips.
On thefinal day of the study, each rat was examined to verify the location of the hemoclip,
and both kidneys were weighed to identify the presence of renal atrophy.

Extraction of myocardial proteins. Equal volume of 2% SDS solution containing 1 mM
Tris and 10 mM dithiothreitol was added to the rat heart specimen. The mixture was
homogenized in a min-grinder and then incubated at 100° for 10 min. The solution was
sonicated 10 x 3 sec and pelleted by high speed centrifugation for 10 min. The
supernatant was collected and stored at -20°.

Two-dimensional gel electrophoresis. Two-dimensional electrophoresis was performed
using a nonlinear immobilized pH gradient (range 4-7) in the first dimension with
Immobiline strips (Pharmacia, Uppsala, Sweden). Tissue lysates of myocardium were
pelleted by low speed centrifugation and resuspended in 10X volume of 8 M urea, 2% (w/v)
TritonX-100, 40 mM Tris base, 10 mM DTT. A SDS-PAGE 4-15% (w/v) acrylamide
gradient was used in second dimension.  For Western blot analysis, the gel was subjected
to protein transfer followed by immnuolabeling. The apparent pl and MW were then
estimated. For LC/MS/MS analysis, the gel was developed by silver staining and desired




proteins were located.

In-gel digestion/7 The proteins on the 2D gel were excised and prepared for LC/IMS/MS
analysis. The gel piece containing polypeptides was soaked in 25 mM NH4HCO; for 10
min and then in 25 mM NH4HCO3/50% acetonitrile for 10 min. After drying in a
Speed-Vac (Savant), the gel was incubated in 100 ml of 2% [-mercaptoethanol/25 mM
NH4HCO; for 20 min at room temperature and at dark. The same volume of 10%
4-vinylpyridine in NH4HCO3/50% acetonitrile was added for cysteine alkylation. After a
20-min incubation, the gel was soaked in 1 ml of 25 mM NH4HCO3 for 10 min. After
being washed in 25 mM NH4HCO3/50% acetonitrile for 10 min, the gel was dried and
then incubated with 25 mM NH4HCO;3; containing 50 ng of modified trypsin (Promega) or
other appropriate endoproteinases overnight (~18 h). The tryptic digest was removed from
the gel, which was extracted with 200 pl of 0.1% formic acid. These two fractions were
combined together and then were dried in a Speed-Vac and was then kept at -20° for
storage. It was resuspended in 0.1% formic acid immediately before LC/IMS/MS
anaysis.

LC/MS/MS analysis/7 The protein were identified using the method described in Yang al
2002. Electrospray mass spectrometry is performed using a Finnigan Mat LCQ ion trap
mass spectrometer interfaced with an ABI 140D HPLC (Perkin-Elmer). A 150 3 0.5 mm
PE Brownlee C18 column (Perkin-Elmer) (5 mm particle diameter, 300 A pore size) with
mobile phases of A (0.1% formic acid in water) and B (0.085% formic acid in acetonitrile)
are used. The peptides are eluted at a flow rate of 5 pl/min with an acetonitrile gradient,
which increases B from 5% to 65% in 45 min. The spectra for the eluate are acquired as
successive sets of three scan modes. The M S scan determines the intensity of the ionsin
the m/z range of 395 to 1605, and a specific ion was selected for zoom scan and MS/IMS
scan. The former examines the charge number of the selected ion and the latter acquires
the spectrum (CID spectrum or MS/MS spectrum) for the fragment ions derived by
collision-induced dissociation. The MS/MS spectra were matched with Sequest
(ThermoFinnigan) against the non-redundant sequence databases containing proteins from
all species.
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In order to study the roles of cytoskeleton in pathogenesis of heart failure, we set up arat
model to carry out a controlled experiment. The rats were subjected to constriction
procedure on the abdominal aorta. These rats have been kept for different times and then
subjected to hemodynamic studies and followed by harvesting of the myocardium. Our
preliminary data showed that most of these animals may survive the operation. While the
hemodynamic data are yet to be analyzed, we first examine the proteomic changes in
myocardium as pressure overload is applied.

The proteins in collected myocardium were extracted and then subjected to
two-dimensional gel electrophoresis. The gels were developed by silver staining method.
For example, there are more than a thousand proteins from normal myocardium resolved
on aregular 2-D gel (Fig. 1). Likewise, we aso analyzed the myocardial proteins from
rat under pressure overload stress for a month (Fig. 2). The gel patterns of these two
samples were compared mostly with visual inspection. There were some protein spots
differently expressed in terms of their staining intensities. These proteins have been
subjected to protein identification analysis to revea what proteins are differentially
expressed upon cardiac pressure overload.

For example, we found that the expression of al proteinase inhibitor I11 and contrapsin-like
protease inhibitor 1 are suppressed in rat with the pressure overload. Both proteins have
functions related to protein degradation, namely inhibition of protein degradation. It is
supposed that lowered activities of these proteins might result in proteinase hyperactivity.
It is very intriguing to examine whether the expected proteinase hyperactivity is related to
the progressive change of myocardium.

Nevertheless, we demonstrate here that we have successfully established the rat model for
studying cardiac pressure overload and the secondary hear failure. As we acquire the
information through hemodynamic analysis, this enables us to identify the differentially
expressed proteins during this process. The cytoskeletal proteins are also supposed to be
present in the 2-D gel. These proteins will be our major experimental targets in the near
future.
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Fig. 1. Two-dimensional gel electrophoretic analysis of myocardia protein from
normal rat. The bars at left indicate the position of molecular weight markers.
Those proteins whose expression becomes depressed upon cardiac pressure
overload are indicated by red arrow heads. The numbers in the gels denote the
positions of proteins spots that have been analyzed by LC-MS/MS analysis.



Fig. 2. Two-dimensional gel electrophoretic analysis of myocardial protein from
rat with pressure overload for a month. The bars at |eft indicate the position of
molecular weight markers. Those proteins whose expression becomes enhanced
upon cardiac pressure overload are indicated by green arrow heads.
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KDLFHCVSFT | PRLPSSEEE ESLDI NI EGA
LFPLAYI EDP KMNRI MQAQD VKTENGLKQL
VYDE! | NVTA CATYTYGKPV PGHVKI SLCH
NATVTEEGTG SEFSGSGRI E VERTRNKFLF
GLAKFSI DTN G SDYSLNI K VYHKEESSCI
KGQVLGVLQQ | VFHYLVMAQ GSI LQTGNHT
EKCLRNKVHL SFSPSQSLPA SQTHVRVTAS
DYCLMYQPI A REKDVYRYVR ETGLMAFTNL
RKDPPPKDPV | ETI RNYFPE TW WDLVTVN
MPYSVI RGEA FTLKATVLNY LPTSLPMAVL
QSPGPCGSEV ATVPETGRKD TVWKVLI VEP
Al KNTQNLI Q MPYGCGEQNM VLFAPNI YVL
NTW.TAFVLK SFAQARAFI F | DESHI TDAF
DPVWSKALSC LESSWENI EQ GGNGSFVYTK
TPQASSAEVE MBAYWLARL
VTVQSSGSFS QKFQUDKSNR
QNSFQ SLEI  SYMGSRPASN

PVKNLOPAI V_KVYDYYETDE

TAQPAPSPED
LLLQQVSLPY
MVI ADVKMLS

VAFAEYSSPC

Fig. 3. Theamino acid sequence of the spot 1 protein, al proteinase inhibitor I11.
sequences of the peptide identified by LC/MS/M S method are underlined and marker by red

|etter.

YMWLVPSQLY TETPEKI CLH

KHKFSERRWV LVKNKESVVF

LYHLNETVTV TASLI SQRGT RKLFDELWWD

VOTDKPMYKP  GOSVKFRWS  MDKNLHPLNE

SFSLSAEPI Q GPYKI VI LKQ
GNPTFSSETK SGCKEEDSRL
LKADSHFRHG | PFFVKVRLV

HSSCTAERHA EAHHTAYAVY

SGVKEEHSFT VMVEFVLPRFG VDVKVPNAI S
DNNGCSTQEV NI TEFQLKEN  YLKMVHQAFHV
DI KGDPI PNE QVLI KARDAG YTNATTTDQH

SLSKSY! YLD TEAGVLPCNQ | HTVQAHFI L

HQVEPGESQV QGNFALEI PV
PQSLOGLRAV DQSVLLQKPE
KI KLPTYCNT DYDMPLAVP
SSGVTELEMT VPDTI TEWKA
LEASPDFTAV PVENNQDSYC
EG KKEHTFS SLLCASDAEL
KYLNETQQLT EKI KSKALGY

TWLSKQRKDS GCFRSSGSLL

EFSMPVAKM LI YTI LPDGE VI ADSVKFQV
AELSPSLI YD LPGMQDSNFI  ASSNDPFEDE
AVALDSSTDR GWESLPWWA VKSPLPQEPP
GALCLSNDTG LG.SSVASFQ AFQPFFVELT
LGANGRHTSS W.VTPKSLGN VNFSVSAEAR
SETLSLLLPP TVVKDSARAH FSVMGEDI LSS
LRAGYQRELN YKHKDGSYSA FGDHNGQGEQG

NNAVKGGVDD El TLSAYI TM ALLESSLPDT

ALMAYAFALA GNQEKRNEI L
LALSMGTI KW LTKQONSYGG
I PGNYTVSVS GEGCVYAQTT

GFI PLKPTVK KLERLGHVSR

SSDDQWV

KSLDKEAI KE DNSI HWERPQ KPTKSEGYLY
FSSTQDTVWVA LDALSKYGAA TFSKSQKTPS
LRYNVPLEKQ QPAFALKVQT VPLTCNNPKG

TEVTTNNVLL YLDQUVTNQTL SFSFI | QDI

The



MAFI AALGLL MAG CPAVLC DG LGRDTLP HEDQGKGRQL HSLTLASI NT DFTLSLYKKL ALRNPDKNVV FSPLSI SAAL

Al LSLGAKDS TMEEI LEVLK FNLTEI TEEE | HQGFGHLLQ RLSQPEDQAE | NTGSALFI D KEQPI LSEFQ EKTRALYQAE

AFVADFKQCN EAKKFI NDYV SNQTQGKI AE LFSELDERTS MVLVNYLLFK GKWKVPFNPN DTFESEFYLD EKRSVKVPMM

KI KDLTTPYl RDEELSCSVL ELKYTGNASA LFI LPDQGKM QQVESSLOQPE TLKKWKDSLR PRI | SELRMP KFSI STDYNL

EEVLPELG R KI FSQQADLS RI TGTKNLHV SQVVHKAVLD VDETGTEGAA ATAVTAALKS LPQTI PLLNF NRPFM.VI TD

NNGQSVFFMG KVTNPM
Fig. 4. Theamino acid sequence of the spot 2 protein, contrapsin-like protease inhibitor 1.
The sequences of the peptide identified by LC/MS/M S method are underlined and marker by
red letter.



