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1. Index to abbreviations 

 
�  β -MHC:  β -myos in  heavy cha in  
�  HCM:  hyper t roph i c  ca rd iomyopa thy 
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2. Abstract 

 
Introduction : Hypertrophic cardiomyopathy is a congenital cardiac disease with autosomal 
dominant pattern of inheritance and incomplete penetrance. With the knowledge of the 
responsible genes, the ability to detect the underlying genetic change and with the study of 
functional analysis of defected protein, we might be able to determine whether specific 
genotypes lead to different phenotypes. 

Aims of Study: To comprehensively analyze the mechanism of genesis of hypertrophic 
cardiomyopathy in Czech patients afflicted with this disorder from molecular genetic point of 
view (MYH7, TNNT2 gene) to functional analysis of the 3D molecular model of defected          
β-myosin heavy chain protein in silico. Beside these aims of the study, the reduction of 
production of inflammatory aggregates in the cardiovascular system was studied in patients with 
type 2 diabetes mellitus. The reason of this study was to look into possibilities of therapeutical 
effect on selected cardiovascular risks in patients with hypertrophic cardiomyopathy 
simultaneously suffering from type 2 diabetes mellitus. Both of these groups of patients have 
substantially increased risk of cardiovascular diseases due to development of premature 
atherosclerosis.  

Material and Methods: A total of 170 probands were enrolled in this study of MYH7 gene. 
DNA samples were analyzed (PCR, sequence analysis) for mutations in the specific functional 
regions of MYH7. The 3D model of human β-MHC was built using the X-ray structure of 
nucleotide-free scallop myosin S1 as the structural template. De novo structure prediction of two 
peptides (mutant and wild type variant) spanning the 769–788 region of the β-MHC were 
performed. A total of 181 probands were enrolled in the study of TNNT2 gene. DNA samples 
were genotyped (PCR, sequence analysis) for mutations in the specific binding regions of 
TNNT2 gene. The study with rosiglitazone included 33 patients with type 2 diabetes mellitus and 
32 normal controls. The expression of leukocyte markers was measured by an 
immunofluorescence method using single-step staining with monoclonal antibodies. The 
fluorescence was quantified by the flow cytometry.  

Results: The Asp778Val amino acid alteration was found in patient with severe form of 
hypertrophic cardiomyopathy. This variation was chosen for subsequent 3D molecular modeling 
in silico. The mutation of the Asp by Val not only changes the character of the interaction pattern 
with other amino acids or ions but Val being a small hydrophobic amino acid can completely 
change the stability of the region. We hypothesize that it can change the dynamics and flexibility 
of the long helical part or it can modify its interaction property. In the study with diabetic 
patients leukocyte expression of uPAR and PSGL-1 was significantly higher in patients than in 
controls. Leukocyte-platelet aggregates and uPAR and PSGL-1 expression significantly 
decreased after rosiglitazone treatment.  

Conclusion: The mutation location in the MYH7/TNNT2 genes and therefore changes in amino 
acid composition may have crucial negative impact on the disease outcome in patients with 
hypertrophic cardiomyopathy. In addition, a mutation that changes the charge of the amino acid 
is more likely to affect protein function than a conservative mutation. In the rosiglitazone study 
we observed substantial lowering of the expression of thrombogenic markers on leukocytes after 
the treatment, suggesting that rosiglitazone leads to the reduction of atherothrombotic 
complications. 

 

 

 



 

2. Abstrakt 

 
Úvod: Hypertrofická kardiomyopatie je vrozené srdeční onemocnění s autozomálně 
dominantním typem dědičnosti a neúplnou penetrancí. Se znalostí odpovědných genů, 
schopností detekovat genetické změny, které jsou podkladem vzniku tohoto onemocnění, a 
studiem funkční analýzy defektních proteinů, můžeme stanovit, zda konkrétní genotypy vedou 
ke vzniku odlišných fenotypových projevů hypertrofické kardiomyopatie. 

Cíle práce: Analyzovat mechanismy vzniku hypertrofické kardiomyopatie u českých pacientů 
postižených tímto onemocněním z molekulárně genetického hlediska (geny MYH7, TNNT2), až 
po funkční analýzu 3D molekulárního modelu defektního proteinu těžkého řetězce β-myosinu in 
silico. Dalším cílem práce bylo studium možnosti snížení tvorby zánětlivých agregátů v 
kardiovaskulárním systému u pacientů s diabetem mellitem 2. typu. Studie prověřovala možnosti 
terapeutického ovlivnění vybraných kardiovaskulárních rizik u pacientů s hypertrofickou 
kardiomyopatií, současně trpících diabetem mellitem 2. typu. Obě tyto skupiny pacientů jsou 
ohroženy podstatně vyšším rizikem vzniku kardiovaskulárních onemocnění vzhledem k vývoji 
předčasné aterosklerózy. 

Materiál a metody: Do studie genu MYH7 bylo zařazeno 170 probandů. Vzorky DNA těchto 
jedinců byly podrobeny mutačnímu screeningu (PCR, sekvenční analýza) specifických 
funkčních oblastí genu MYH7, které jsou spojovány se vznikem hypertrofické kardiomyopatie. 
Pomocí rentgenové struktury myosinu S1 hřebenatky, který sloužil jako strukturální templát, byl 
následně vytvořen 3D model lidského těžkého řetězce β-myosinu. Byla vytvořena de novo 
predikce struktury dvou krátkých peptidů (mutantní a divoké varianty) úseku těžkého řetězce    
β-myosinu. Do studie genu TNNT2 bylo zařazeno 181 probandů. DNA vzorky těchto jedinců 
byly genotypovány (PCR, sekvenční analýza) ve specifických vazebných oblastech genu 
TNNT2, které mohou mít vliv na vývoj hypertrofické kardiomyopatie. Soubor použitý pro 
testování účinků rosiglitazonu byl tvořen 33 pacienty s diabetem mellitem 2. typu a 32 zdravými 
kontrolami. Exprese leukocytárních markerů byla měřena imunofluorescenční metodou pomocí 
jednostupňového barvení monoklonálními protilátkami. Fluorescence byla kvantifikována 
průtokovou cytometrií.  

Výsledky: Mutačním screeningem specifických vazebných a funkčních oblastí genů MYH7 a 
TNNT2 byly nalezeny tři sekvenční záměny u třech nepříbuzných pacientů. Mutace Asp778Val 
byla objevena u pacienta s těžkou formou hypertrofické kardiomyopatie. Tato změna byla 
vybrána pro následnou 3D molekulární modelaci in silico. Asp778Val nemění pouze charakter 
interakčních vlastností s ostatními aminokyselinami nebo ionty, ale valin, coby malá hydrofobní 
aminokyselina, může zcela pozměnit stabilitu celé oblasti. Tato mutace může změnit dynamiku a 
flexibilitu dlouhé helikální části těžkého řetězce β-myosinu. Ve studii s diabetickými pacienty 
byla významně zvýšena leukocytární exprese uPAR a PSGL-1 ve srovnání s kontrolním 
souborem. Leukocyto-trombocytární agregáty, exprese uPAR a PSGL-1 po léčbě rosiglitazonem 
významně poklesly. 

Závěr : Umístění mutací v genech MYH7/TNNT2 a tedy následné změny ve složení sekvence 
aminokyselin může mít zásadní negativní dopad na mechanismus vývoje hypertrofické 
kardiomyopatie. Mutace, které mají za následek změnu vlastností (náboje) aminokyseliny, mají 
pravděpodobně větší vliv na funkci proteinů než konzervativní mutace. Ve studii s 
rosiglitazonem jsme po léčbě pozorovali významný pokles exprese trombogenních markerů na 
leukocytech, předpokládáme tedy, že rosiglitazon vede ke snížení rizika aterotrombotických 
komplikací.  

 



 

3. Introduction 

 

C l in i ca l  ins igh t  

Hyper t roph i c  card iom yopa th y (HCM)  i s  a  comp lex  i nher i tab le  

ca rd iac  d i sease  tha t  i s  h igh l y c l i n ica l l y and  gene ti ca l l y  he te rogeneous .  

C l in ica l  l ead ing  fea tures  o f  HCM are  charac te r i zed  macroscop ica l l y b y 

l e f t  and /o r  r i gh t  ven t r i cu lar  hype r t roph y wh ich  i s  i n  most  cases  

as ymmet r i c  w i th  invo l vemen t  o f  t he  in t raven t r i cu la r sep tum in  absence  o f  

o the r  causes  o f  hyper t roph y (e .g .  va lva r  s tenos is  and  hyper tens ion ) ,  

however ,  t he  sym met r i ca l  fo rm o f  HCM accoun ts  fo r  over  one  th i rd  o f  

cases  and  i s  charac te r i zed  by concent r i c  t h i cken ing o f  t he  l e f t  ven t r i c l e 

w i th  a  smal l  ven t r i cu la r  cav i t y d imens ion  (McKenna 1996,  Dav ies  and 

McKenna 1995) .  

The  p reva lence  o f  t he  HCM in  the  genera l  popu la t i on i s  be l i eved  to  be 

0 .2  % accord ing  to  t he  echocard iograph i c  c r i t e r i a  (Maron e t  a l .  1995) .  

However ,  acco rd ing  to  Abchee  and  Rober t s  (1996)  t h is  may no t  be  an 

accu ra te  re f l ec t ion  o f  t he  t rue  p reva lence  fo r  severa l  reasons :  

 

•  Fi rs t l y,  HCM/ fam i l ia l  hyper t roph i c  ca rd iom yopa th y (FHC)  may be  

as ymptomat i c  and  never  de tec ted  excep t  i nc identa l l y.   

•  Second ly,  t he  presence  o f  concomi tan t  d iseases  such as  hyper tens ion  

o r  va l vu lar  hear t  d iseases  may con found  the  d iagnosis .   

•  Thi rd l y,  t he  phenot yp i c  exp ress ion  o f  t he  d i sease (i . e .  deve lopmen t  

o f  hyper t roph y)  i s  age  dependen t  and  may no t  be  detec ted  a t  the  

t ime o f  t he  eva lua t i on .   

•  Four th l y,  the  pene t rance o f  the  gene  in  some fami l ies  i s  ve r y l ow.   

 

The  echocard iograph i c  and c l in i ca l  fea tures  that  i nc rease  the p robab i l i t y  

o f  t he  deve lopment  o f  fam i l i a l  h yper t roph i c  ca rd iomyopa th y i nc lude :  

 

•  Fami l y h i s to ry o f  h yper t roph i c  ca rd iomyopa thy o r  ear l y sudden 

dea th .  

•  Sign i f i can t  reg iona l  d i f f e rences  i n  hyper t rophy.   



 

•  Dias to l i c  dys funct ion .  

•  Abnorma l  u l t rason ic  myocard ia l  re f lec t i v i t y.  

•  Absence o f  decond i t ion ing  –  induced  regress ion  o f  hyper t roph y.  

•  Abnorma l i t i es  i n  co ronary f l ow  reserve .  

 

There  a re  a lso  man y r i sk  fac to rs  assoc ia ted  w i th  HCM worsen ing 

that  have  to  be  men t ioned .  These  i nc lude  h igh  cho les te ro l  l eve ls ,  h igh 

b lood  p ressu re ,  d iabetes  me l l i t us  and  a  number  o f  pa tho log i ca l  

abnorma l i t ies  o f  the  p la te le t  func t ion  and  o f  coagula t i on  fac to rs  (Capek  e t  

a l .  2011) .  These  r i sk  fac to rs  marked l y con t r ibu te  to  deve lopment  o f  

p rematu re  a therosc le ros i s .  P la te le ts  p lay cen t ra l  ro le  i n  the  deve lopment  

o f  acu te  a thero th rombot i c  even ts  (Fus te r  e t  a l .  2005) .  They p roduce 

molecu les  wh ich  modu la te  l eukocyte  rec ru i tment  in to a therosc le ro t i c  

l es ions  (S t ra tmann and  Tschoepe  2005) .  The  ac t i va ted  p la te le ts  a lso 

i n te rac t  w i th  t he  c i rcu la t ing  leukocytes  to  fo rm leukocyte -p la te le t  

aggrega tes  wh ich  cont r i bu te  to  t he  deve lopmen t  o f  athe rosc le ro t i c  l es ions 

as  wel l  as  p laque  d i s rup t i on  and  th rombos is  (Sarma e t  a l .  2002,  Fu rman  e t  

a l .  1998) .  

The  fo rmat ion  o f  l eukocyte -p la te le t  aggrega tes  i s  pr imar i l y  

med ia ted  th rough  b ind ing  o f  p la te le t  P -se lec t i n  t o  i t s  l i gand  PSGL-1  i n  

l eukocytes  (Sarma e t  a l .  2002) .  uPAR i s  a  p lasma membrane  recepto r  fo r  

t he  u rok inase- t ype  p lasm inogen ac t i va to r  (uPA) .  Serv ing  as  an  anchor  fo r  

uPA,  t he  uPAR loca l i zes  the  ce l l -su r face  assoc ia ted ac t i va t ion  o f  p lasmin;  

t ha t  i n  tu rn  l eads  to  f ib r i no l ys i s ,  ac t i va t ion  o f  mat r i x  meta l lopro te inases 

and degrada t ion  o f  ex t race l lu la r  mat r i x  (Ragno  2006) .  

There fo re ,  long  term at ten t ion  shou ld  be  pa id  to  t es t ing  o f  new 

pharmaceut i ca ls  tha t  reduce p roduc t ion  o f  i n f l ammato ry 

aggrega tes /a therosc le ro t i c  p laques  (Capek  e t  a l .  2011) .  The  co r rec t i on  of  

t hese  aber ra t i ons  m igh t  t rans la te  in to  the  reduct ion  o f  ca rd iovascu la r  r i sk  

i n  pat i en ts  w i th  HCM s imu l taneous l y su f fe r ing  f rom t ype  2  d iabe tes  

mel l i t us  (Dav idson e t  a l .  2010 ,  D imi t row e t  a l .  2008 ,  Cambronero  e t  a l .  

2009 ,  Capek  e t  a l .  2011) .  



 

I t  i s  impor tan t  to  ment ion ,  tha t  i n  d i f fe ren t  pat i en ts  h yper t rophy 

va r i es  marked l y i n  ex tend  and d i s t r i bu t ion  as  wel l  as  t he  sever i t y o f  

c l i n i ca l  s ymptoms ,  the  age  o f  onse t ,  and  the  na tu ral  course  o f  t he  d isease 

no t  on l y among fam i l i es ,  bu t  w i th in  t he  same fami l y ca r r y ing  the  same 

muta t ion .  In  some fami l i es  t he onset  o f  t he  d i sease i s  la te  i n  adu l thood,  

t he  hyper t roph y i s  m in imal  and  they have a  no rmal  li f espan ,  wh i l e  o the r  

fami l i es  have  a  ve ry  ea r l y onse t ,  mass i ve  h yper t rophy assoc ia ted  w i th  

severe  s ymptoms  and  a  ve ry sho r t  l i fespan  due  to  sudden  ca rd iac  dea th .  

Now,  w i th  t he  know ledge  o f  t he  respons ib le  genes  and  the  ab i l i t y  to  

de tec t  t he  under l y i ng  genet i c  de fec t ,  we  a re  ab le  to  de te rmine  whether  

spec i f i c  genot ypes  l ead to  d i f fe ren t  phenot ypes  (S troumpou l i s  e t  a l .  2010 ,  

Per ro t  e t  a l .  2005,  Dav ies  and  McKenna 1995 ,  McKenna e t  a l .  1981 ,  

Watk ins  e t  a l  1992,  K laassen e t  a l .  2008 ,  Karam et  a l .  2008) .   

 

Molecu la r  gene t i c  bas i s  o f  hyper t roph i c  ca rd iomyopathy  

From the  genet i c  po in t  o f  v i ew hyp er t roph ic  ca rd iomyopathy i s  a  

congen i ta l  hear t  d isease  w i th  au tosomal  dominant  pat te rn  o f  i nher i t ance 

and  incomple te  penet rance  (Watk ins  e t  a l .  2008) .  Hyper t roph i c  

ca rd iom yopa th y a f fec ts  a round 1  in  500  peop le  and  is  the  l ead ing  cause o f  

sudden  ca rd iac  death  i n  you th  (Maron e t  a l .  1995) .  Acco rd ing  to  Mar ian 

and  Rober ts  (2001)  approx imate l y two- th i rds  o f  pa t ien ts  have  a  fami l y 

h is to ry o f  HCM.  The  res t  o f  the  cases  are  spo rad i c , wh i ch  i s  due  to  

muta t ions  tha t  a r i se  d e  n o vo .  However ,  these  pa t i en ts  can  p resumab ly  

t ransmi t  the  d i sease  to  the i r  o f fsp r i ng.  

Hyper t roph i c  ca rd iom yopa th y i s  def i ned  as  a  d i sease o f  t he  

sa rcomere  because ma jo r i t y  o f  t he  genes  that  a re  assoc ia ted  w i th  HCM 

deve lopment  encode  fo r  ca rd iac  sarcomer i c  p ro te ins , however ,  o ther  

d isease  caus ing  genes  a re  l i ke l y t o  be  found  (Bonne e t  a l .  1998 ,  Kask i  et  

a l .  2009 ,  O l i vo t to  e t  a l .  2008,  Maron  e t  a l .  2003) . Hyper t roph i c 

ca rd iom yopa th y i s  most l y due  to  man y d i f fe ren t  mutat ions  i n  a t  leas t  

s ix teen  genes  tha t  have  been  i den t i f i ed  so  far  (Ke ll y and Semsar ian  2009,  

Mor imoto  2008,  Capek  2005,  Capek  and  Skvor  2006,  Capek  e t  a l .  2011,  

Fa tk in  and Graham 2002 ,  Fung e t  a l .  1999) .   



 

Muta t ions  have been  found  in  fou r  genes  that  encode components  o f  

t he  th i ck  f i l ament :  β -MHC (Capek  2005 ,  Capek  e t  a l .  2011 ,  Tan jo re  e t  a l . 

2010) ,  essent i a l  MLC (Poe t te r  e t  a l .  1996) ,  regu la to ry  MLC (Poe t te r  e t  a l .  

1996) ,  and  cM yBP-C  (Bonne  e t  a l .  1995 ,  Watk ins  e t  al .  1995 ,  Van D i j k  et  

a l .  2009) ;  in  f i ve  genes  that  encode  th in  f i l amen t  p ro te ins :  ca rd iac  ac t i n  

(O lson  e t  a l .  2000) ,  ca rd iac  t ropon in  T  (Capek  and  Skvo r  2006,  

Hershberger  e t  a l .  2009) ,  ca rd iac  t ropon in  C  (Ho f fmann  e t  a l .  2001) ,  

ca rd iac  t ropon in  I  (K imura  e t  a l .  1997) ,  and  α - t ropomyos in  (Th ier fe lde r  e t  

a l .  1994) ;  and  in  t he  sa rcomer i c  cytoske le ta l  p ro tein  t i t i n  (Sa toh  e t  a l .  

1999 ,  M i l l a t  e t  a l .  2010 ,  Brouwer  e t  a l .  2010) .  

 I t  i s  no t  cur ren t l y  poss ib le  t o  es tab l i sh  co r re la tion  be tween  the 

p resence  o f  the  muta t ion  i n  one  o f  t he  sa rcomer i c  pro te ins  and  par t i cu lar  

phenot ype  (A rad  e t  a l .  2002) .  The same muta t i on  can be  found  in  

i nd iv i dua ls  w i th  a  d i f fe ren t  c l in i ca l  man i fes ta t ion (Van  Dr ies t  e t  a l .  

2002) .  In  geno t yped  ind iv idua ls  the  p rognos is  va r i es  marked l y be tween 

d i f fe ren t  muta t ions  in  t he  same gene.  

The  age  o f  onset  i s  va r i ab le  and par t l y dependen t  upon  the 

under l y i ng  muta t ion .  The  d iagnos is  o f  fami l i a l  f o rm o f  h yper t roph i c 

ca rd iom yopa th y depends  on  molecu lar  i den t i f i ca t i on  and  ana l ys i s  o f  t he  

cand ida te  genes  and  o f  t he  abnormal  gene  p roduct .  It  was  repo r ted  that  in  

t he  cases  o f  FHC,  a round  60–70  % have  been  a t t r ibu ted  to  a  causa l  

muta t ions  (A rad  e t  a l .  2005 ,  Watk ins  e t  a l .  2008) .   

I t  i s  a l ready known ,  t ha t  d i f f e ren t  mu tan t  p ro te ins cause  s im i la r  

func t i ona l  abnorma l i t i es ,  wh i ch  sequen t i a l l y  i n i t i al i ze  the  same d isease 

pa thways ,  a l t hough they a re  members  o f  the  same funct i ona l  g roup and 

have  very d i f fe ren t  p roper t i es  and  ro les  (Redwood  et  a l .  1999) .  Some o f  

t hem have  enz ymat i c  and  fo rce  generat ing  ro les  (e .g.  m yos in  heav y 

cha in ) ,  wh i l e  o the rs  p lay s t ruc tu ra l  ro les  (e .g .  m yos in  b ind ing  p ro te in  C )  

o r  have  regu la to ry  func t ions  (e .g .  t ropon in  T ,  I  and  α - t ropomyos in )  

(Redwood e t  a l .  1999) .   

Fo r  each  d i sease gene ,  a  va r i e t y o f  d i f f e ren t  mu ta ti ons  have been 

repo r ted .  S ing le  nuc leo t i de  subs t i tu t i ons  „missense muta t i ons “  and 

de le t i on  or  inser t ion  o f  nuc leo t i des  have  been  ident i f i ed .  In  some cases ,  

t he  encoded  p ro te in  i s  o f  no rmal  s ize .  In  o the r  cases ,  t he  mu ta t ion  may 



 

resu l t  i n  a  p rematu re  te rm inat ion  codon  o r  cause  a  sh i f t  o f  the  read ing 

f rame wi th  t runca t i on  o f  t he  encoded  pro te in .  Muta tion  located  at      

i n t ron  –  exon  boundar ies  can  resu l t  in  abnorma l  sp li c i ng .  Genera l l y,  

i nd iv i dua ls  w i th  HCM caus ing  muta t ions  a re  hete roz ygo us  a t  the  d i sease 

l ocus ,  i .e . ,  one  cop y (a l l e l e )  o f  the  gene  is  muta ted  and  the o ther  a l le l e 

has  the  norma l  DNA sequence (Fatk in  and  Graham 2002) .  

S ince  the  ma jo r i t y o f  HCM d i sease  genes  encode  p ro te in  components  

o f  the  sarcomere,  i t  has  been  w ide l y p roposed  that  l e f t  ven t r i cu la r  

h yper t rophy i s  no t  a  p r imary man i fes ta t i on  bu t  develops  as  compensa to ry 

response  to  sa rcomere  dys func t ion .  Characte r i za t ion o f  t he  fundamenta l  

de f i c i t  resu l t ing  f rom HCM caus ing gene  muta t ions  has  been  a  major  

focus  o f  research  over  t he  l as t  decade.  A  va r i e t y of  t echn iques  have  been 

used  to  ex amine  the  e f fec t s  o f  muta t i ons  on  sa rcomere  s t ruc tu re  and 

funct i on ,  rang ing  f rom i n  v i vo  s tud ies  o f  m yocard ia l  pe r fo rmance  i n  

gene t i ca l l y eng ineered  mouse  models  to  i n  v i t r o  s tud ies  o f  i n te rac t i ons  

be tween  s ing le  ac t i n  and  myos in  mo lecu les  (Fatk in  and  Graham 2002) .  

S ince bo th  the  techno logy and  techn iques  used i n  the  f i e ld  o f  genet i cs  and 

p ro teomics  a re  becoming more  soph is t i ca ted ,  i n  s i l i c o  f unc t iona l  3D 

ana l ys i s  o f  de fec ted  pro te ins  migh t  he lp  to  unders tand  the  p rocess  of  

HCM deve lopment  f rom the  e lementa l  mo lecu la r  l eve l  and  the re fo re 

i l l us t ra te  p resumpt ive  genes i s  o f  the  d isease (Capek  e t  a l .  2011) .  

Inves t i ga to rs  have  sough t  t o  answer  ques t i ons  such  as  whe ther  the  va r ious  

sa rcomere  p ro te in  muta t ions  cause  s im i l a r  o r  d ive rse  e f fec ts  on  sarcomere 

s t ruc tu re  and  func t i on  and  whether  sarcomere  p ro te in  mu ta t i ons  ac t  by a  

dominan t  nega t i ve  mechan ism or  a l t e r  func t i on  b y caus ing 

hap lo insu f f i c i ency.  In  t he  dominant  nega t i ve  model , bo th  w i ld  t ype  and 

mutan t  p ro te ins  a re  p resen t  i n  equ iva len t  p ropo r t ions ;  the  mutan t  pept ide 

i s  s tab l y i nco rpora ted  i n to  the  sa rcomere  bu t  ac ts  as  „a  po ison 

po l ypep t i de ”  and  per tu rbs  w i l d  t yp e  p ro te in  func t i on .  A l t e rna t i ve l y,  

muta t ions  may resu l t  in  nu l l  a l l e l es  o r  cause  a  reduc t ion  i n  t he  amoun t  o f  

w i l d  t ype  p ro te in ,  l ead ing  to  an  imbalance  o f  sa rcomere  pro te in  

s to i ch iomet ry.  Mu ta t i ons  that  t runcate  the  encoded  p ro te in  a re  thought  t o  

ac t  b y hap lo insu f f i c i ency.  Unders tand ing  the  consequences  o f  sa rcomere 

p ro te in  muta t ions  i s  an  essent i a l  p re requ i s i t e  fo r  dete rmin ing  the  s t imu lus  

fo r  h yper t roph y i n  HCM (Fatk in  and Graham 2002) .  



 

Muta t i ons  in  MY H7  and  T NN T2  genes  a re  assoc ia ted  w i th  HCM 
deve lopmen t 
 

Card iac  β -myos in  heavy  cha in  and  i ts  ro le  in  hyper t roph ic  
ca rd iomyopathy  deve lopmen t  

MY H7  gene  was  the f i rs t  gene  i dent i f i ed  as  a  d isease  caus ing  gene  in  

h yper t roph i c  ca rd iomyopa thy.  Most  muta t ions  found  in  t h i s  gene a re  

re la ted  to  d i s t i nc t  func t iona l  and  s t ruc tu ra l  domains  o f  t he  β -myos in 

heavy cha in .  These  de fec ts  a re  c lus te red  a t  spec i f ic  reg ions  in  the  

g lobu la r  head o f  t he  myos in  mo lecu le  (sub f ragment  S1 ) ,  tha t  a re :  

•   F i rs t l y,  assoc ia ted  w i th  t he  ac t i n  b ind ing  s i t e .  

•  Second ly,  near  nuc leo t i de  b ind ing  s i t e  (ATP b ind ing) .  

•  Thi rd l y,  ad jacent  to  the  reg ion  tha t  connects  two  react i ve  cys te in  

res idues .  

•  Four th l y,  a t  t he  myos in  l i gh t  cha in  b ind ing  i n te r face ,  and  l as t l y,  a t  

t he  head rod  j unc t ion .   

The p r imary gene t i c  de fec t  appears  to  be impai red  con t rac t i l i t y ,  wh i ch  

t r i ggers  t he  re lease  o f  g rowth  fac to rs  tha t  resu l t  in  compensato r y  

h yper t rophy and  f ib rob las t  p ro l i f e ra t ion  (Mar ian  2000) .  

Desp i te  t he  l im i ta t i ons  o f  ex is t i ng  pheno type-geno type  co r re la t ion 

s tud ies  (e .g .  in f luence  o f  non  gene t i c  fac to rs  on  the  pheno typ i c  

ex p ress ion  o f  HCM) ,  i t  i s  genera l l y  agreed  that  muta t i ons  a f fec t  the  

phenot yp i c  exp ress ion  o f  HCM,  i n  pa r t i cu la r  the  magn i tude  o f  ca rd iac 

h yper t rophy and  the  r i sk  o f  sudden  card iac  death  (SCD)  (Mar ian  2005) .  

Muta t ions  that  are  assoc ia ted  w i th  a  h igh  inc idence o f  SCD and  

p rematu re  death  o f t en  exh ib i t  h i gh  pene t rance  and  an  ear l y age  o f  onset .  

In  con t ras t ,  t he  muta t ions  assoc ia ted  w i th  a  ben ign p rognos i s  o f ten 

ex h ib i t  l ow penet rance ,  l a te  onset  o f  d isease ,  and  m i lde r  l e f t  ven t r i cu la r  

h yper t rophy.  A  few cases  o f  homozygos i t y fo r  causa l mu ta t ions  and 

compound  muta t ions  have  been desc r ibed.  These  muta tions  l ead  to  a  more 

severe  morpho log ica l  phenot ype  and a  h igher  inc idence  o f  SCD (Mar ian  

and  Rober ts  2001) .  Such  a  gene  de fec ts  i n  MY H 7  and  o ther  HCM caus ing 

genes  have  been des ignated  in  t he  l i t e ra tu re  as  e i the r  „ben ign “  o r  

„mal i gnant “ .  I t  has  a lso  been  sugges ted  that  charge-chang ing  amino  ac id  



 

subs t i tu t ions  may be  assoc ia ted  w i th  more  severe  d isease  (Van  Dr ies t  et  

a l .  2004) .  I t  has ,  however ,  become c lea r ,  t ha t  i n t ra fam i l i a l  var i a t i on  i s  

a l so  marked ,  pa r t i cu lar l y  w i th  regard  to  t he  morpholog i ca l  fea tu res  o f  t he  

d isease  (Redwood  e t  a l .  1999) .  

I t  has  been  w i l d l y accep ted  that  pa t i en ts  w i th  mutat i ons  tha t  

changed  the  charge o f  t he  a l t e red  amino  ac id  (e .g .  A rg4 0 3Gln ,  A rg4 5 3Cys ,  

A rg 7 1 9Trp )  had  a  s ign i f i can t l y sho r ter  l i fe  ex pectancy,  whereas  pat ien ts  

w i th  muta t ions  that  d id  no t  p roduce change  i n  charge  (e .g .  Va l6 0 6Met ,  

Phe5 1 3Cys)  had near l y no rma l  su rv iva l .  Each  o f  t hese ben ign  muta t ions  i s  

a  charge-conserva t i ve  muta t ion ,  sugges t ing  that  t he l ack  o f  charge  change 

may i n  pa r t  account  fo r  the  good p rognos i s  assoc ia ted  w i th  these 

muta t ions  (Watk ins  e t  a l .  1992 ,  Woo  e t  a l .  2003) .  

The  vas t  majo r i t y o f  d isease re la ted  MY H7  muta t ions  are  missense 

a l t e ra t ions  that  resu l t  in  s i ng le  amino  ac id  subs t itu t i on .  I t  has  been 

p roposed  tha t  t he  „degree  o f  ma l i gnancy“  o f  t he  MY H 7  mu ta t i on  re la tes  to  

t he  change  in  res idue  charge  impa i red  b y am ino  ac id subs t i tu t ion.  

Theore t i ca l l y,  because  amino  ac id  d i f fe rs  i n  t e rms  o f  s t ruc tu re  and  s ide 

cha in  charge  o r  po la r i t y,  t he  subs t i t u t ion  o f  an  amino  ac id  may l ead  to  t he 

des tab i l i za t ion  o f  the  p ro te in  s t ruc tu re  and  func t ion .  Th i s  e f fec t  may be  

even  more  emphas ized  i f  t he  subs t i t u t i on  occu rs  in  c r i t i ca l  s i t es ,  such  as  

the a reas  i nvo lved  i n  ATP  h yd ro lys i s  and  i n  i n te ract i on  w i th  th in  

f i l aments ,  l ead ing  to  the  p roduct i on  o f  a  m yocard ial  subs t ra te  more 

vu lnerab le  to  mechan isms o f  sudden  dea th  (Sora j j a  et  a l .  2000) .  

Mos t  HCM caus ing  muta t ions  in  con t rac t i l e  p ro te in  genes  a re  

re la t i ve l y „ sub t l e  muta t ions “  changing  j us t  one  nucleo t ide  and  resu l t ing 

i n  the  subs t i tu t ion  o f  j us t  one  am ino ac id  in  t he  par t i cu lar  p ro te in .  Th is  

ra ises  the  ques t i on  o f  t he  mechan ism by wh ich  such seeming l y m inor  

changes  resu l t  i n  d i sease.  I t  appears  tha t  most ,  and  perhaps  a l l ,  muta t i ons 

that  cause  HCM do  so  by a  dominant -nega t i ve  ac t ion . P roo f  o f  t he  

dominan t  nega t i ve  mode  o f  ac t ion  o f  HCM caus ing  mu ta t i ons  has  

impor tan t  imp l i ca t i ons .  I f ,  i ns tead  o f  fo l l ow ing  the  dominan t -nega t ive  

model ,  HCM had resu l t ed  f rom an  imba lance  i n  s to i chiomet ry o f  

components  needed fo r  se l f -assembl y o f  t he  sarcomere,  the re  wou ld  be  no  

mer i t  i n  i n  v i t r o  ana l yses  o f  muta ted  p ro te ins  imp l i ca ted  in  h yper t roph i c  



 

ca rd iom yopa th y.  However ,  in  the  l i gh t  o f  the  dominan t -nega t ive  

pa thogenes i s ,  t he  s ta r t ing  po in t  fo r  an  unders tand ing  o f  th is  d isease  (and 

i t s  re levance  to  o ther  causes  o f  h yper t rophy)  must  be  a  ca re fu l  

b iochemica l ,  b ioph ys i ca l  and  ph ys io log i ca l  ana l ys i s o f  t he  mutan t  

p ro te ins  and  the  def i c i t s  they cause .  The  β -MHC s tud ies  have  shown  that  

t he  HCM muta t ions  in  genera l  resu l t  in  m yos in  wh ich generates  less  fo rce 

and  these data  have  l ed  to  the  „h ypocont rac t i l e “  hypo thes is  b y wh ich  the 

dec reased  fo rce  p rov ides  the  s t imu lus  fo r  compensato ry  h yper t rophy.  In  

con t ras t  t o  th is ,  t he  α -Tm HCM mutan ts  do  no t  appear  t o  cause  a 

dep ress ion  o f  max imum fo rce .  These p ro te ins  cause  an  i nc rease  i n  the  

Ca2 + sens i t i v i t y o f  fo rce  p roduct i on  and  hence  g i ve  an  inc rease  i n  fo rce  a t  

submax imal  Ca2 + concent ra t ions .  Mu ta t i ons  in  t h is  gene ,  and  poss ibl y  

t hose  in  regu la to ry  MLC o r  essent i a l  MLC,  may cause h yper t rophy b y a  

more  d i rec t  “h ypercont rac t i l e ”  mechan ism.  In  add i t ion ,  inc reased  Ca2 + 

sens i t i v i t y m igh t  p roduce  abnorma l i t i es  o f  re lax at ion .  A l though  the 

ca rd iac  t ropon in  T  mutan ts  g ive  an  i ncreased  ve loc it y  i n  the  i n  v i t r o  

mot i l i t y  assay and  an  e levated  un loaded  sho r ten ing  ve loc i t y i n  sk inned 

m yo tubes ,  t hey have  a lso  been  shown to  resu l t  in  reduced  max imum fo rce 

and  hence  they may ac t  v i a  a  hypocont rac t i l e  rou te . C lear l y,  bo th  the 

i ncreased  energy demands  and  a l t e red  cont rac t i l i t y  cou ld  cont r i bu te  to  t he 

d isease  p rogress ion ;  po ten t i a l l y  t he  mechan ica l  de fi c i t s  under l i e  the  

compensator y h yp er t roph y,  wh i l e  the  metabo l i c  de f i ci t s  imp l i ca te  the 

p ropens i t y t o  i schemia  and  a r rh ythmia ,  and  hence  sudden dea th  (Redwood 

e t  a l .  1999) .       

Acco rd ing  to  Van  Dr ies  e t  a l .  (2004) ,  mu ta t i ons  i n  the  MY H7  gene 

a re  assoc ia ted  w i th  g rea te r  h yper t roph y and  younger age  a t  d iagnos i s ,  

wh ich  may ass is t  i n  t a rge ted  gene  sc reen ing .  Iden t if i ca t i on  o f  the  

pa thogen ic  muta t ion  w i l l  a i d  i n  p rec l in i ca l  d iagnosis  and  gene t i c  

counse l i ng ,  however ,  t he  MY H 7  mu ta t ions  s ta tus  shou ld  no t  be  cons ide red  

a  p r imary r i sk  fac to r  fo r  sudden ca rd iac  death .  Fami l y s tud ies  appear  t o  

i nd ica te  tha t  muta t i ons  i n  t he  MY H7  gene  genera l l y resu l t  in  ea r l y onset  

o f  the  d i sease,  usua l l y i n  t he  f i r s t  two  decades  o f l i f e  (Tsoutsman  e t  a l .  

2006) .  



 

Taken  toge ther ,  we do  no t  ye t  have  the  unders tand ing  o f  HCM necessary 

t o  dete rm ine  wh ich  muta t i on ,  combinat ion  o f  mu ta t ions  or  combina t i on  o f  

muta t ion  and  env i ronmenta l  fac to rs  po r tend  an  ominous  c l i n i ca l  ou tcome 

(Ackerman  e t  a l .  2002) .  

 

Ca rd iac  T ropon in  T  and  i ts  ro le  in  hyper t roph i c  ca r d iomyopa thy  
deve lopmen t  

The loca l i za t ion  o f  t he  human  T NNT2  gene  i s  on  the  long a rm o f    

t he  ch romosome 1  (1q32 .1) .  TNNT 2  i s  compr ised  o f  17  kb  o f  genomic 

DNA and  has  17  exons .  The  p r inc ipa l  i so fo rm in  t he  adu l t  hear t  cons is ts  

o f  288  am ino ac ids  and has  two  major  domains :  an  NH2 te rm ina l  domain  

that  in terac ts  w i th  t ropomyos in  and a  COOH te rm ina l domain  tha t  b inds  to  

t ropomyos in ,  t ropon in  C ,  and t ropon in  I  (Fa tk in  and Graham 2002) .  

In  genera l ,  muta t ions  in  t he  TNNT 2  gene  a re  assoc ia ted  w i th  mi ld  

l e f t  ven t r i cu la r  h yper t roph y,  bu t  have  a  re la t i ve l y poo r  p rognos is .  Desp i te  

t he  s ign i f i cance  o f  t he  casua l  mu ta t ions ,  none  o f  the  c l in i ca l  o r  t he 

echocard iograph i c  man i fes ta t i ons  o f  HCM are  spec i f ic  to  a  ce r ta in  

muta t ion  o r  gene .  I t  i s  a l so  c lea r  tha t  the  casua l  mu ta t ions  do  no t  fu l l y  

ex p la in  the  degree o f  va r i ab i l i t y  i n  t he  pheno type  o f  HCM;  the re  i s  a 

s ign i f i can t  va r i ab i l i t y  i n  t he  pheno type  o f  HCM among i nd iv idua ls  w i th  

t he  same muta t i on .  Th is  ind i ca tes  tha t  o ther  genet ic  fac to rs  (mod i f i e r  

genes )  and env i ronmenta l  fac to rs  p lay impor tan t  ro les  in  mod i f y i ng  HCM 

phenot ypes  (Mar ian  2002) .  

The  greates t  amount  o f  muta t ions  i s  l oca ted  between the  res idues  79 

and  179  in  the  reg ion  that  i s  known  fo r  i t s  b ind ing to  t he  C  te rminal  

t ropomyos in  domain .  Regions  tes ted  i n  t he  p resent ing  research  o f  t he 

TN NT2  gene  p lay c ruc ia l  ro le  in  the  b ind ing  ab i l i t y  o f  ca rd iac  t ropon in  T  

to  α - t ropomyos in  and  the re fo re  these  reg ions  a re  under  d i rec t  spo t l i gh t  as 

one  o f  the  p robab le  „HCM caus ing  reg ions ” .  Another  mu ta t i on  ho tspot  i s  

l ocated  be tween res idues  92  and  110  o f  t he  TN NT2  gene.  Changes  in  t he 

reg ion  cause  l ess  e f fec t i ve  b ind ing  o f  t ropom yos in  to  ac t i n  (Pa lm  et  a l .  

2001) .  The  pene t rance  and  c l in ica l  p resenta t ion  o f  muta t ions  in  T NNT2  

gene  d i f fe r  g reat l y.  Whereas  some muta t i ons  resu l t  i n  subc l in ica l  

h yper t rophy assoc ia ted  w i th  h igh  sudden  ca rd iac  death ,  o the rs  a re 

comple te l y pene t ran t  bu t  w i thout  a  h igh  r i sk  o f  a r rh ythmica l  events  



 

(Sehner t  e t  a l .  2002) .  To  be  ab le  to  unders tand  how muta t i ons  i n  d i f fe rent  

genes  espec ia l l y t hose that  encode  fo r  con t rac t i l e  p ro te ins  cause 

h yper t roph i c  ca rd iomyopa thy,  i t  w i l l  be  necessary to  unders tand  the 

funct i ona l  consequences  o f  the  mu ta t i ons  a t  a  mo lecu lar  l eve l  (Redwood 

e t  a l .  1999,  Fatk in  and Graham 2002 ,  Capek e t  a l .  2011) .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4. Aims of Study 

1 . To  ana l yze  spec i f i c  b ind ing  and  funct iona l  reg ions  o f  “HCM caus ing 

genes ”  t ha t  are  commonl y assoc ia ted  w i th  severe  fo rms  of  

h yper t roph i c  ca rd iom yopa th y.  

2 . To  bu i ld  a  3D model  o f  human  β -MHC (mutan t  and the w i ld  t ype 

va r i an t )  based  on  the  resu l ts  o f  t he  molecu la r  genet ic  pa r t  o f  t he 

s tudy.  

3 . To  per fo rm s t ruc tu re  p red i c t ion  and funct i ona l  ana lys i s  o f  t he  3D 

molecu lar  mode l  o f  β -m yos in  heav y cha in  p ro te in  (mutan t  and the  w i ld  

t ype  va r i an t  o f  m yos in  f ragment  based  on  the  resu l ts  o f  t he  mo lecu la r  

gene t i c  pa r t  o f  the  s tudy)  i n  s i l i co .  

4 . To  per fo rm a  s tudy o f  t he  se lec ted  ca rd iovascu la r  ri sk  fac to rs  (e .g .  

number  o f  p ro th rombo t i c  abnormal i t ies  and d iabetes  mel l i tus )  tha t  may 

p lay a  c ruc ia l  ro le  i n  the  HCM worsen ing .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5. Material  and Methods 

Molecu la r  gene t i c  ana l ys is  o f  spec i f i c  b ind ing  and  funct i ona l  reg ions  
o f  “HCM caus ing  genes” 

170  p robands  f rom d i f fe ren t  pa r ts  o f  t he  Czech  Repub l i c  were  

en ro l l ed  in  t he  s tud y o f  MY H 7  gene .  The  DNA bank  o f  the  Depar tment  o f  

An th ropo logy and Human  Genet i cs ,  Facu l t y o f  Sc ience,  Char les  

Un ive rs i t y i n  P rague  compr ises  a l l  the  samples  tes ted  and  a l l  p rocedures  

were  ca r r i ed  ou t  in  l i ne  w i th  t he  i ns t i tu t iona l  e thica l  gu ide l ines  to  meet  

requ is i t e  c r i t e r i a .   

Th i s  cohor t  can  be d i v ided  in to  th ree ma jo r  subgroups :  1 )  pat i en ts  

w i th  spo rad i c  fo rm o f  HCM where  HCM has  been  c l in i ca l l y p roved  b y 

echocard iography and  i n  th is  case  no  fami l y h i s to ry o f  HCM was repo r ted ,  

2 )  pat i en ts  w i th  fam i l i a l  f o rm  o f  HCM where  pos i t i ve  HCM occu r rence 

have been  found in  a t  l eas t  one o f  the  fam i l y member  –  24  fam i l i es  w i th  

FHC d iagnos is  have  been  i dent i f i ed  to  meet  t h is  c r it e r i a .  3 )  th i rd  

subgroup  i nc luded  fami l y members  o f  pa t i en ts  su f fe ri ng  f rom HCM.  These 

p robands  d id  no t  have  an y s igns  o f  hear t  d i so rder  at  t he  moment  o f  t he 

s tudy,  however  were  enro l l ed  in  the  genet i c  sc reen ing  fo r  poss ib le  

sequence  a l t e ra t i on  in  the  MY H 7/TNNT 2  spec i f i c  b ind ing  and  funct i ona l  

reg ions .  

DNA was ex t rac ted  f rom per iphera l  b lood  l eukocytes  by the  use  o f  

pheno l -ch lo ro fo rm ex t rac t i on .  Us ing  fo rward  and reverse  p r imers 

po l ymerase  cha in  reac t i on  was  per fo rmed  fo r  ampl i f ica t i on  o f  spec i f i c  

reg ions  o f  the  genomic  DNA.  Ol i gonuc leo t ides  fo r  t he  ampl i f i ca t ion  o f  

t es ted  MY H 7  gene  reg ions  were  s yn thes ized  w i th  394  DNA/RNA 

S yn thes ize r  (App l i ed  B iosys tems,  USA) .  Sequenc ing pr imers  were 

pu r i f i ed  w i th  OPC (O l i gonuc leo t ide  Pur i f i ca t ion  Cart r i dge ,  CPG Inc . ,  

USA) .  Concen t ra t ion  o f  syn thes ized  o l i gonuc leo t i des was  measured  w i th  

spect rophotomete r  UV/V IS  (Beckman ,  USA) .  The o l i gonuc leo t i des  were 

d i l u ted  and concent ra t i on  o f  0 .1  mM was  used  i n  t he exper iments .  Opt imal  

t emperatu re  reac t ion  p ro f i l e  and  MgCl2  i ons  concent ra t ion  were  tes ted  

w i th  g rad ien t  t he rmocyc le r  Pe l t i e r  Therma l  C yc le r  DNA Eng ine  DyadTM 

(MJ  Research ,  USA) .  M inE lu te  PCR Pur i f i ca t i on  K i t  (Q iagen,  USA)  was  

used  to  pu r i f y PCR p roducts .  The  sequenc ing  react i ons  were  per fo rmed 



 

us ing  B igDye® Termina to r  v3 .1  C yc le  Sequenc ing  K i t  (App l i ed 

B ios ys tems ,  USA)  w i th  au tomat i c  sequencer  ABI  PRISM® 3100  Avant  

(App l i ed  B ios ys tems,  USA) .   

Ma te r ia l  and  methods ,  inc lud ing  resu l ts  ( re tes ted  sequenc ing  raw 

da ta)  used  i n  the  research  o f  se lec ted  func t iona l  reg ions  o f  MY H7  gene 

were  par t  o f  the  fu l l  under l y i ng  muta t i on  repo r t  tha t  was  submi t t ed  to  t he 

muta t ion  da tabase (Capek  2005,  Sarcomere  P ro te in  Gene  Muta t i on  

Da tabase :  h t t p : / / genepath .med.harvard .edu /~se idman/cg3 / i ndex .h tm l ) .  The 

Genet ic  ana l ys i s  o f  TNN T2  gene  i s  desc r i bed  i n  deta i l  i n  the  paper:  

Hyper t roph i c  Card iom yopa th y:  Mo lecu lar  Genet i c  Ana lys i s  o f  Exons  9  

and 11  o f  t he  TNN T2  Gene  in  Czech  Pat ien ts  (Capek and  Skvor  2006) .     

Homology  model  o f  the  human  β -MHC p ro te in  

The 3D model  o f  human  β -m yos in  heav y cha in  was  bu i l t  us ing  the 

X- ray s t ruc tu re  o f  nuc leo t i de- f ree  sca l lop  m yos in  S1  (PDB access ion  code 

1KK8)  as  the  s t ruc tu ra l  t empla te .  Based  on  g loba l  pa i r -w ise  a l i gnment  o f  

t he  human  (Un iP ro t  id  P12883)  and  sca l l op  myos in  (Un iP ro t  id  P24733) 

pe r fo rmed  b y EMBOSS Pai rw ise  A l i gnment  A lgor i t hms 

(h t tp : / /www.eb i .ac .uk /Too l s /emboss /a l i gn / )  w i th  BLOSUM62 mat r i x ,  

rep lacement  o f  the  s t ruc tu ra l l y conserved  reg ions  and  rebu i l d i ng  o f  the  

va r i ab le  reg ions  was  done  w i th  the  homology modu le  o f  p rogram MOE 

(Chemica l  Comput ing  group  Inc . ,  Canada) .  RMSD o f  the  f ramework  (Cα )  

was  about  2 .4  Å  i n  t he  energy op t im ized  model  o f  human  β -m yos in 

compared  to  sca l lop  m yos in .  I t  i s  necessary t o  say that  on l y  t he  reg ion  

spann ing  amino  ac ids  1  t o  835  o f  t he  β -m yos in  heav y cha in  was  modeled .  

The  reason is  tha t  the  muta t i on  i n  ques t i on  –  D7 7 8V was  p resent  i n  th i s  

pa r t  o f  t he  s t ruc tu re  (Capek  e t  a l .  2011) .  

Shor t  pep t ides  mapp ing  the  769–788 reg ion 

D e  n o v o  s t ruc tu re  p red i c t i on  o f  two  pept i des  spann ing  the  769–788 

reg ion  o f  the  human  β -m yos in  heav y cha in  was  per fo rmed.  The  f i rs t  

pept i de  sequence conta ined  the  D  amino ac id  a t  pos it i on  778 

(LLGLLEEMRDERLSR I ITR I) ,  t he  second  pept i de  was  D7 7 8V mutant  

va r i an t  o f  the  w i ld  t ype  m yos in  f ragment  (LLGLLEE MRVERLSRI ITR I)  



 

(Capek  e t  a l .  2011) .  The  web  based  p red i c t i on  PEP-FOLD server  

(h t tp : / / b i oserv . rpbs .un iv -par is -d ide ro t . f r /PEP-FOLD/ )  was  u t i l i zed  to  

ob ta in  3D mode ls  o f  the  pept i des .  The  PEP-FOLD method is  based  on  

s t ruc tu ra l  a lphabet  (SA)  and  u t i l i z i ng  a  g reed y a lgo r i thm and  a  coarse-

gra ined  fo rce f i e ld  t o  p red i c t  a  s t ruc tu re  (Maupet it  e t  a l .  2009) .  

Reduc t ion  o f  exp ress ion  o f  th rombogen ic  markers  on  leukocy tes 

The s tudy w i th  ros ig l i tazone  inc luded  33  pat i en ts  wi th  t ype  2  

d iabetes  mel l i tus  and  32  no rmal  con t ro ls .  The pat i en ts  were  examined  a t  

base l i ne  and  a f te r  5  mon th  o f  t rea tmen t .   

The  exp ress ion  o f  l eukocyte  markers  was  measured  b y an  

immuno f l uo rescence  method  us ing  s ing le -s tep  s ta in ing  w i th  monoc lonal  

an t ibod ies .  The  f l uo rescence  was  quan t i f i ed  by the f low cytomet ry  

(FACSCal ibur ,  Bec ton  D ick inson ,  USA) ;  l ymphocytes ,  monocytes  and 

neut roph i l s  were  ident i f i ed  acco rd ing  to  the i r  l i ght -sca t te r i ng  p roper t i es  

and were ana l yzed  separa te l y.   

A  spec i f i c  f l uo rescence  was  used as  a  measure  o f  ant i gen ex press ion  

wh ich  was  ca l cu la ted  as  the  d i f fe rence  be tween the  f l uorescence  o f  ce l ls  

l abe led  w i th  the  spec i f i c  an t ibod y and  the  non-speci f i c  f l uo rescence  o f  

ce l l s  l abe led  w i th  the  cont ro l  an t ibody.  Mate r i a l  and  methods  used  i n  t he 

s tudy o f  poss ib le  reduct i on  o f  ca rd iovascu la r  r i sk  fac to rs  a re  desc r i bed  in  

de ta i l  i n  the  paper :  The  e f fec t  o f  Ros ig l i t azone  on the  Exp ress ion  o f  

Th rombogen ic  Markers  on  Leukocytes  i n  T ype  2  d iabetes  mel l i t us  

(Svobodova  e t  a l .  2009) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

6. Results 

There were th ree sequence  a l t e ra t ions  found  in  t h ree  unre la ted  

pa t i en ts  a f f l i c ted  w i th  the  severe  fo rm o f  hyper t roph i c  ca rd iom yopa th y.  

∆Glu160  was loca l i zed  in  t he  TNNT 2  gene  (Capek  and  Skvor  2006) .  The 

Arg 8 7 0His  muta t ion  was  observed  in  the  exon  22  o f  the  MY H7  gene .  The 

l as t  one,  Asp7 7 8Val  –  repor ted  fo r  the  f i r s t  t ime  i n  a  European  pati en t  

w i th  hyper t roph i c  ca rd iom yopa th y was  detec ted  i n  the  encod ing  sequence 

o f  exon 21  o f  the  MY H7  gene  (Capek 2005) .  There  was  no  o ther  sequence 

a l t e ra t ion  found  i n  t he  reg ions  o f  MY H7 /TNNT 2  genes  that  were  tes ted .  

The  Asp7 7 8Va l  amino  ac id  a l t e ra t i on  was  chosen  fo r  subsequent mo lecu la r  

model ing  fo l lowed b y s t ruc tu re  p red i c t i on  and  functiona l  ana l ys i s  i n  

s i l i c o ,  s ince  such a  s ign i f i can t  change  can  p lay c ruc ia l  ro le  i n  the  

molecu le  behav io r .  

 

Homology  model  o f  the  β -MHC p ro te in  

Homology model  o f  the  β -MHC N- termina l ,  moto r  doma in  and  EF 

hand  b ind ing  s i t e  (1–75 ,  76–779,  780–830)  was  c reated  us ing  sca l lop 

m yos in  as  a  t empla te  (PDB 1KK8) .  The  fu l l  l eng th  a li gnment  o f  bo th  

sequences  o f  leng th  1958  amino  ac ids  shows  a  re la t ive ly  good  agreement  

t o  bu i l d  a  homo logy based  model .  The i dent i t y o f  both  cha ins  was  55 .8  % 

(1092/1958)  and  the  s im i l a r i t y was  74 .6% (1460/1958) .  Two  s t ruc tu res  o f  

β -MHC were  ob ta ined represent ing  two  va r i an ts  o f  t he p ro te ins  –  t he  w i l d  

t ype  and  the  D7 7 8V mutan t .  There  i s  no  d i f fe rence  between  these  two 

models  a t  genera l  mo lecu lar  l eve l  (F ig .  1 ) .  Even  the  D7 7 8V mutan t  shows 

the same he l i c i t y spann ing  the reg ion  761–830 (Capek e t  a l .  2011) .   

 

 

 

 

 



 

 

Fig .  1  

 

 

Shor t  pep t ides  mapp ing  the  769–788 reg ion 

The  bas i c  i dea  beh ind  the  model  o f  sho r t  pept i des  mapp ing          

769–788  reg ion  was  to  loca l i ze  the d i f fe rences  i n  pred i c ted  pept ide  

s t ruc tu res  sugges t ing  how a  p roper t y  o f  one am ino ac id  can  change  the 

qua l i t y  o r  d ynamics  o f  t he  shor t  sequence  i n  ques t ion .  As  fo l lows  f rom 

the  pred i c ted  s t ruc tu res  bo th  reg ions  a re  he l i ca l  bu t  the re  i s  one  very 

impor tan t  d i f f e rence .  The  D778  is  s tab i l i zed  b y i n terac t ion  w i th  R777  and 

E  779  i s  s tab i l i zed  b y i n te rac t ion  w i th  R780  (F ig .  2A)  (Capek  e t  a l .  

2011) .   



 

 

F ig .  2A  

Th i s  in t roduces  a  tens ion  i n  the  he l i x  and indeed,  t he  p red i c ted  s t ruc tu re  

shows  the  measurab le  d i f fe rence  f rom idea l  he l i c i t y.  Cont ra ry t o  D ,  the  V 

i n  pos i t ion  778 does  no t  des tab i l i ze  the  s t ruc tu re  o f  t he  he l i x  (F ig .  2B) .  

  

F ig .  2B 



 

No  in fo rmat ion  abou t  dynamica l  behav io r  o f  th is  pa rt  o f  m yos in  was 

s tud ied  be fo re  th i s  ana l ys i s .  Acco rd ing  to  ou r  s tudy,  dynamica l  behav io r  

o f  bo th  pept ides  i s  qu i te  d i f fe ren t .  Shor t  MD s imu la t ion  (10ns )  i n  exp l i c i t  

so l ven t  revea led  tha t  r i g id i t y o f  t he  D7 7 8V mutant  o f  the  pept i de  i s  5–6 

t imes  h igher  t han the  D778  va r i an t  o f  the  pep t i de .  Th i s  can  be  ve ry 

impor tan t  fac to r  in  d ynamics  o f  t he  myos in  tak ing  al so  o ther  fac to rs  i n to  

account  –  Ca2 + a f f i n i t y,  EF  hand  b ind ing  p roper t i es  and  so lva t ion o f  t he 

reg ion  (Capek e t  a l .  2011) .  

 

Reduc t ion  o f  exp ress ion  o f  th rombogen ic  markers  on  leukocy tes 

Inc reased  ex p ress ion  o f  PSGL-1  i n  a l l  l eukocyte  subpopu la t i ons  and 

o f  uPAR in  monocytes  was  found  i n  compar ison  to  cont ro l s .  A l l  t hese 

paramete rs  were  normal i zed  a f te r  ros ig l i t azone  t reatment .  The  d i f fe rences  

were  no t  s i gn i f i can t  fo r  uPAR in  neu t roph i l s  and uPAR exp ress ion  was  

no t  detec tab le  in  l ymphocytes .   

There  was  no  s ign i f i can t  d i f f e rence  in  l eukocyte -p la te le t  aggrega tes  

i n  pat i en ts  compared  to  con t ro ls ;  t he  aggrega tes  were  reduced 

s ign i f i can t l y a f t e r  the  t reatment .  The  t rea tmen t  e ffec t  was  more 

p ronounced  fo r  to ta l  p la te le t  f l uo rescence  than  fo r the  percentage  o f  

p la te le t -pos i t i ve  ce l l s ,  sugges t i ng  tha t  ros ig l i t azone  no t  on l y dec reased 

the  number  o f  p la te le t -pos i t i ve  ce l l s ,  bu t  a lso  the number  o f  p la te le t s  per  

one l eukocyte .    

 

 

 

 

 

 

 

 

 



 

7. Discussion and Conclusion 

This  comprehens ive  s tudy rep resen ts  no t  on l y  an  anal ys is  o f  c r i t i ca l  

reg ions  o f  HCM caus ing  genes  common ly repo r ted  as  reg ions  w i th  h igh  

muta t ion  c lus te r ing  (Buvo l i  e t  a l .  2008)  fo l l owed by mo lecu la r  3D 

model ing  o f  de fec ted  ca rd iac  β -m yos in  heavy cha in  p ro te in ,  s t ruc tu re  

p red i c t i on  and  funct iona l  ana l ys i s  o f  the  3D molecula r  model  o f  β -m yos in  

heavy cha in  p ro te in  i n  s i l i co  bu t  a l so  focuses  on  the  reduc t ion  o f  se lec ted  

ca rd iovascu la r  r i sk  in  pat i en ts  w i th  h yper t roph i c  ca rd iomyopa th y.   

The  reg ions  ana l yzed  in  th is  s tudy a re  assoc ia ted  wi th  severe  fo rms 

o f  h yper t roph i c  card iom yopa thy and  there fo re  w i th  ve ry  poo r  p rognos is  

(Wang e t  a l .  2008 ,  Woo  e t  a l .  2003) .  Mu ta t i on  location  in  the  

MY H7/ TNNT 2  genes  and  the re fo re  changes  i n  the  amino  ac id  compos i t i on  

may have  c ruc ia l  nega t ive  impac t  on  the  d i sease  ou tcome in  HCM a f fec ted  

pa t i en ts .  Due  to  t he  d i f fe ren t  p roper t i es  between  the  g lobu lar  head 

domain  (S1 ) ,  t he  neck  o r  h inge reg ion  (S2 )  and  the  ta i l  ( l i gh t  

meromyos in )  domain  o f  t he  MY H 7  gene ,  muta t ions  may have  d ive rse 

e f fec ts  depend ing  on  the i r  locat ion  (M i roshn ichenko e t  a l .  2000) .           

In  add i t i on ,  as  a  muta t ion  can  l ead  to  a  change  in  t he  amino  ac id  

sequence ,  t he  s t ruc tu re  and  in te rac t i ve  p roper t i es  o f  the  mu tant  p ro te in  

may a l so  be  a l t e red .  There fo re ,  the  pos i t i on ing  o f  the  muta t ions  a long the 

gene  and  p ro te in  may o f fe r  i ns igh ts  in to  the  mechanism b y wh ich  no rmal  

p ro te in  funct ion  i s  impai red .  I t  i s  h ypo thes ized  tha t  a  change  in  t he  am ino 

ac id  charge  may a f fec t  the  sever i t y o f  the  phenotype  (Walsh  e t  a l .  2010) .  

Genet ic  resu l t s  f rom th i s  s tudy show unusua l l y l ow  f requency o f  

muta t ions  in  MY H7 /TNNT 2  genes  i n  t he  reg ions  tes ted  i n  pat i en ts  w i th  

HCM in  t he  Czech  popu la t i on  i n  con t ras t  to  o the r  s tud ies  pub l i shed 

e l sewhere  (Van  Dr ies t  e t  a l .  2002 ,  Wa lsh  e t  a l .  2010,  Zheng e t  a l .  2010,  

M i l l a t  e t  a l .  2010) .  However ,  in  compar ison  to  t hese  resu l ts ,  Roncara t i  e t  

a l .  (2011)  recent l y  pub l i shed  a  s tudy show ing  s im i la r  low  f requency o f  

muta t ions  i n  the  MY H7  gene  on  l a rge  cohor t  o f  I t a l i an  HCM pat ien ts .  Th is 

suppor ts  the  idea  that  the re  i s  a  need  fo r  more  inclus ive  inves t i ga t i ve  

app roaches  in  o rder  to  fu l l y  unders tand  the deve lopment  o f  th i s  d i sease.  

In  t he  research  o f  TN NT2  gene  ∆Glu160  was  loca l i zed  in  the  over l app ing 

reg ion  wh ich  i s  respons ib le  fo r  b ind ing  o f  t ropon in T  to  α -Tm,  sugges t ing 



 

t ha t  th i s  de le t i on  causes  impor tan t  nega t ive  changes  i n  b ind ing  these  two 

molecu les  toge ther .  Th i s  de le t i on  poss ib l y causes  an  inc reas ing  a f f i n i t y t o  

t he  who le  mo lecu le  o f  ca rd iac  t ropon in  T  to  t ropomyo s in  and the re fo re 

m igh t  have  c ruc ia l  negat ive  impact  on  the  d i sease  (Capek  and  Skvor  

2006) .  The  Asp7 7 8Va l  amino  ac id  a l t e ra t i on  was  s i tua ted  in  t he  reg ion  that  

i s  h igh l y conserved i ns ide  o f  the  known  sequence  o f the  ca rd iac  β -myos in  

heavy cha in  (where  head  o f  t he  gene  ex tends  f rom exon  3  to  par t  way 

th rough  exon  21  and  the  neck  f rom par t  way th rough  ex on  21  to  pa r t  way 

th rough exon 25 ) ,  thus  i nd i ca t i ng  tha t  the  a l t e ra t ion  in  th is  reg ion  o f  t h is  

gene  may have  c ruc ia l  s t ruc tu ra l  and  funct i ona l  impac t  (Capek  e t  a l .  

2011) .   

Homology mode l  o f  t he  β -MHC p ro te in  was  bu i l t .  Th is  model  was 

c rea ted  us ing  sca l lop  m yos in  as  a  t empla te  (PDB 1KK8) .  The  fu l l  l eng th 

a l i gnment  o f  bo th  sequences  o f  l eng th  1958  amino  acids  shows  re la t i ve l y  

good  agreement  t o  bu i l d  a  homo logy based mode l .  The ident i t y o f  bo th  

cha ins  was  55 .8  % (1092/1958)  and the  s im i l a r i t y was  74 .6% (1460 /1958).  

Two s t ruc tu res  o f  β -MHC were  ob ta ined represent ing  two  va r i an ts  o f  the 

p ro te ins  –  t he  w i ld  t ype  and  the  D7 7 8V mutant .  There  i s  no  d i f fe rence 

be tween  these  two models  a t  genera l  mo lecu la r  l eve l.  Even  the  D7 7 8V 

mutan t  shows the  same he l i c i t y spann ing  the  reg ion  761–830.  There  a re  

o ther  models  o f  β -MHC in  databases  –  1KK2  in  t he  PDB da tabase  and 

model  a t  P ro te in  Mode l  Po r ta l  

(h t tp : / /www.p ro te inmodelpo r ta l .o rg /query/un ip ro t /P12883)  based  on  the 

a l i gnment  o f  human  β -MHC wi th  sequence  o f  G al lus  ga l lu s  myos in  whose 

s t ruc tu re  was  recent l y pub l i shed  (PDB ID  2MYS,  sequence  i dent i t y 79  %) .  

The  s t ruc tu ra l  a l i gnment  o f  t h is  model  w i th  bo th  obta ined  models  showed 

s im i la r  RMSD abou t  14Å.  In  bo th  cases ,  the  majo r i t y o f  t he  d i f fe rences  

a re  caused  b y d i s to r t ion  o f  t he  C  termina l  he l i x  con ta in ing  the  s tud ied  

muta t ions  D7 7 8V.  Moreover  t he  par t  a round res idue 778 i s  i n  1KK2 model  

s i gn i f i can t l y  non he l i ca l ,  whereas  bo th  o ther  mode ls  p rov ide  good 

agreement  in  t h is  pa r t .   

The  model  shows  tha t  t he  aspar t i c  ac id  a t  pos i t ion  778  i s  l oca ted  a t  

t he  beg inn ing  o f  t he  long  he l i x  ( s ta r t ing  Th r  761)  i n  charge  r i ch  

env i ronment  –  Glu ,  Asp ,  A rg .  One  can  assume ex tens ive  so lva t ion  takes  



 

p l ace  i n  th is  reg ion  or  t he  reg ion  i s  impor tan t  fo r i t s  i n terac t ion  

dependent  on  Ca2 +.  The hypo thes i s  tha t  th is  i s  qu i te  un ique env i ronment  

i s  fu r the r  suppor ted  by the  f i nd ing  tha t  780–810  reg ion  i s  p red i c ted  to  be 

an  IQ  mo t i f  –  the  EF hand  b ind ing  s i t e .  Muta t i on  o f t he  Asp  b y Va l  no t  

on l y changes  the  charac te r  o f  the  in terac t ion  pat tern  w i th  o ther  amino 

ac ids  o r  i ons  bu t  Va l  be ing  a  smal l  h yd rophob ic  amino  ac id  can 

comple te l y change  the s tab i l i t y  o f  t he  reg ion .  I t  is  h ypothes ized  tha t  i t  

can  change  the  dyn amics  and  f l ex ib i l i t y  o f  t he  l ong he l i ca l  par t  o r  i t  can  

mod i f y i t s  i n te rac t ion  p roper t y.  

Bes ide  the  homology mode l  o f  t he  β -MHC p ro te in ,  shor t  pep t i des 

mapp ing  the  769–788  reg ion  were  bu i l t  as  we l l .  The  bas ic  i dea  beh ind  the 

model  o f  sho r t  pept i des  mapp ing 769–788  reg ion  was  to  loca l i ze  

d i f fe rences  in  p red i c ted  pept i de  s t ruc tu res  sugges ting  how a  p roper t y o f  

one  amino  ac id  can change  the  qua l i t y  o r  dynamics  of  the  sho r t  sequence 

i n  ques t i on .  As  fo l lows  f rom the  pred i c ted  s t ruc tu res ,  bo th  reg ions  a re  

he l i ca l  bu t  the re  i s  one very impor tan t  d i f f e rence . The  D778 i s  s tab i l i zed 

b y i n te rac t ion  w i th  R777  and  E779  is  s tab i l i zed  b y i n terac t i on  w i th  R780 .  

Th i s  in t roduces  a  tens ion  i n  the  he l i x  and indeed,  t he  p red i c ted  s t ruc tu re  

shows a  measurab le  d i f fe rence f rom the  i dea l  he l i c it y.  Con t ra r y t o  D ,  t he 

V  i n  pos i t i on  778  does  no t  des tab i l i ze  t he  s t ruc tu re  o f  the  he l i x  and  seems 

to  be impor tan t  s tab i l i z ing  e lement  o f  th is  pa r t  o f the  s t ruc tu re .   

No  i n fo rmat ion  abou t  d ynamica l  behav io r  o f  th is  pa rt  o f  m yos in  was  

known be fo re  th is  ana l ys i s .  Acco rd ing  to  ou r  s tud y, d ynamica l  behav io r  

o f  bo th  pept ides  i s  qu i te  d i f fe ren t .  Shor t  MD s imu la t ion  (10ns )  i n  exp l i c i t  

so l ven t  revea led  tha t  t he  r i g i d i t y o f  the  D778V mutan t  o f  t he  pep t i de  i s  

5–6 t imes  h igher  than  the  D778 va r i an t  o f  t he  pep t ide .  Th i s  can  be  a  ve ry 

impor tan t  fac to r  in  d ynamics  o f  t he  myos in  tak ing  al so  o ther  fac to rs  i n to  

account  –  Ca2 + a f f i n i t y,  EF  hand  b ind ing  p roper t i es  and  so lva t ion o f  t he 

reg ion .  

As  fo l l ows  f rom the  homology model  as  we l l  as  f rom the  mode led  

pept i des ,  t he re  a re  3  p r i nc ipa l  aspects  wh ich  can  al t e r  t he  funct i on  o f  th is  

domain  d ramat i ca l l y .  The  f i r s t  i s  t he  i n t ramolecu lar  s tab i l i za t i on  pat te rn 

dependent  on  D778  in te rac t ion  w i th  R777  wh ich  on  the  o ther  hand  can 

des tab i l i ze  the  he l i c i t y  and  make  th i s  par t  more  d ynamic .  The  second 



 

aspect  i s  connected  w i th  i n te rac t ion  pa t te rn  o f  t he o r i g ina l  as  we l l  as  t he 

muta ted  va r i an t  o f  t he  778  reg ion .  The  fac t  t ha t  780–810 i s  IQ  i n terac t ion 

pa t te rn  –  a  par tne r  fo r  EF hand  sugges t  t ha t  D  can  p lay a  ve r y impor tant  

ro le  in  main ta in ing  p roper  in terac t ion  p roper t i es  fo r  such  p rocess .  Las t  

bu t  no t  l eas t  the  dynamics  o f  the  D778  and D7 7 8V i s  d i f fe ren t  sugges t i ng 

that  fo r  p roper  func t i on  o f  t he  m yos in  t he  f l ex ib i li t y  o r  p robab l y s t ruc tu re  

s tab i l i t y  D  i s  impor tan t  and  V  in  th is  pos i t i on  increase  r i g i d i t y wh ich 

seems  to  be  coun terp roduct i ve  fo r  p roper  β -MHC funct ion .  In  add i t ion ,  a  

muta t ion  tha t  changes  the  charge  o f  t he  amino  ac id  i s  cons ide red  more 

l i ke l y t o  a f fec t  p ro te in  funct ion  than  a  conserva t ive  muta t ion  as  i t  was 

h ypo thes ized ear l i e r  by Ng and  Hen iko f f  (2006) .  

F rom the  perspect i ve  o f  poss ib le  ca rd iovascu lar  r i sks ,  t he  c l i n i ca l  

and  patho log i ca l  charac te r i s t i cs  o f  h yper t roph i c  card iomyopa thy cou ld  

i nvo l ve  a  number  o f  d i verse mechan isms that  i nc lude i n f l ammat ion ,  

endo the l i a l  dys func t i on ,  f ib ros i s  and ex t race l l u l a r mat r i x  degrada t ion ,  as  

we l l  as  coagu la t ion  and  p la te le t  ac t i va t i on .  A lso  diabe tes  mel l i tus  i s  

assoc ia ted  w i th  the  overexp ress ion  o f  th rombot ic  and  hemosta t i c  fac to rs  

(Svobodova  e t  a l .  2009) .  Our  data  are  in  agreement  w i th  t h i s  fac t ;  we 

observed  an  inc rease  o f  uPAR and  PSGL-1  ex press ion  on  l eukocytes  in  

d iabet i c  pa t i en ts  cont ra ry  t o  con t ro ls .  Leukocyte -pla te le t  aggrega tes  a re  

mos t l y cons ide red  as  markers  o f  p la te le t  ac t i va t i on.  HCM pat i en ts  have 

h igh  p la te le t  aggrega t ion  (Cambronero  e t  a l .  2009) . I t s  inc rease  was 

fu r the rmore  observed  i n  acu te  co ronary s ynd romes  and s tab le  co ronary 

hear t  d isease  (Fu rman e t  a l .  1998) .  I t  i s  impor tan t t o  ment ion  that  

t h romboembol i c  events  are  f requent  and  po ten t i a l l y  s e r ious  causes  o f  

mor ta l i t y  and  morb id i t y amongs t  HCM pa t i en ts  (Cambronero  e t  a l .  2009) .  

Acco rd ing  to  D imi t row e t  a l .  (2008)  the  p la te le t  (e.g .  P -se lec t i n )  and 

coagu la t i on  markers  a re  s ign i f i can t l y h igher  in  the HCM pat i en ts  

compared  to  con t ro ls .  Fo rmat ion  o f  l eukocyte -p la te le t  aggrega tes  i s  

p r imar i l y  med ia ted  th rough  b ind ing  o f  p la te le t  P -selec t in  to  PSGL-1  i n  

l eukocytes .  Our  resu l t s  sugges t  t ha t  in terac t ions  wi th  o the r  mo lecu les  a re  

a l so  invo lved i n  th is  p rocess  (Svobodova  e t  a l .  2009) .  



 

Ex press ion  o f  uPAR,  PSGL-1 ,  and l eukocyte -p la te le t  aggrega tes  was 

s ign i f i can t l y dec reased a f te r  t he  ros ig l i t azone  t reatment ,  sugges t i ng  i t s  

an t i t h rombo t i c  e f fec t s  (Svobodova  e t  a l .  2009) .   

Pat ien ts  w i th  HCM s imu l taneous l y su f fe r ing  w i th  t ype  2  d iabetes  

mel l i t us  have  subs tan t i a l l y  i nc reased r i sk  o f  ca rd iovascu lar  d iseases  due 

to  deve lopment  o f  p rematu re  a therosc le ros is  t ha t  cou ld  be  pos i t i ve l y 

a f fec ted  b y mod i f i ca t i on  o f  t he  abnorma l i t ies  o f  thrombot ic  and 

haemos ta t i c  fac to rs .  There fo re ,  long te rm a t ten t i on shou ld  be  pa id  t o  

t es t i ng  o f  new pharmaceut i ca ls  t ha t  reduce  fo rmat ion  o f  i n f l ammato ry 

aggrega tes /a therosc le ro t i c  p laques  (Capek e t  a l .  2011) .    

Th i s  Ph .D .  research  was  des igned to  use  molecu la r  gene t i c ,  

p ro teomic  and  b iochemica l  t echn iques  to  inves t i ga te spec i f i c  b ind ing  and 

funct i ona l  reg ions  o f  “HCM caus ing  genes ” .  Exact l y t hese  domains  may 

p lay c ruc ia l  ro le  in  p roper  p ro te in /sa rcomere  function  i n  pat i en ts  w i th  

h yper t roph i c  ca rd iomyopa thy.  Th i s  was  the  case  o f  ∆Glu160  muta t ion  in  

t he  TNNT 2  gene,  t he  Arg8 7 0His  muta t ion  and  the  D7 7 8V a l t e ra t i on  in  MY H7  

gene  that  were  found  i n  t h ree  un re la ted  pa t i en ts  a ff l i c ted  w i th  severe 

fo rms o f  hyper t roph i c  ca rd iom yopa thy.   

The  majo r  p r i nc ip le  o f  t h is  complex  s tudy was  to  obta in  as  much 

re levant  i n fo rmat ion  f rom the  ana lys i s  tha t  wou ld  he lp  i n  pat i en ts  

d iagnos is  and  i n  the  fo l l ow ing  persona l i zed  t reatment .  The  fu tu re  i s ,  i n  

m y v iew,  i n  u t i l i za t ion  o f  new soph is t i ca ted  methods  o f  genet i cs ,  

p ro teomics  and  b iochemis t ry,  p rec i se l y t hese  methods  that  were  used  in  

t he  p resen ted  research .  These  b iomed ica l  app l i ca t i ons  w i l l  be  needed  i n  

t he  new e ra  o f  pe rsona l i zed  med ic ine.  I  am conv inced ,  tha t  3D mo lecu la r  

models  and  s t ruc tu re  p red i c t i ons  o f  de fec ted  p ro te ins  invo lved i n  the  

HCM deve lopment  fo l l owed  by func t i ona l  ana l ys i s  o f  t hese  “d i sease 

caus ing”  b iomolecu les  i n  s i l i c o  w i l l  be  essent i a l  in  the  research  o f  HCM 

in  the ve ry near  fu tu re .   
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