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ABSTRACT

The adult myocardium demonstrates a unique systémadaptation to
environmental stress, in an effort to preserve lastasis. Tumor Necrosis Factor-
(TNF- ) is one of the major stress-induced pro-inflammaitoytokines that is up-
regulated in the heart following tissue injury arid sustained expression can
contribute to the development of heart failure.

Although previous studies have shown that lowerelevof TNF- confer
cytoprotection in the myocardium following ischenmeperfusion injury, whether
TNF- also exerts cytoprotective mechanisms in heattriaiis not known. We
discovered a novel cardioprotective function forFFN overexpression in a genetic
heart failure model, the desmin deficient mice, otiygh NF-B-mediated
cardiomyocyte ectopic expression of keratin 8 (K8(l keratin 18 (K18), two simple
epithelia-specific Intermediate Filament (IF) pioge Ectopically expressed K8 and
K18 (K8/K18) form a cytoskeletal network that loeaks mainly at the Intercalated
Discs (IDs).

This alternative K8/K18 cytoskeleton confers capdatection by maintaining
both proper ID structure as well as mitochondméegrity and function. Importantly,
we demonstrated that K8/K18 ectopic induction ab&curs in other genetic and
experimental models of heart failure, and we shioat toss of the K8/K18 network
results in a maladaptive cardiac phenotype follganansverse aortic constriction.

Finally, we found that in cardiomyocytes of humairlifig myocardium, where
TNF- is induced, K8/K18 are also expressed ectopicatigh localize primarily at
IDs, where desmin cannot be detected. This is itlsé report to propose a TN~
mediated cardiac ectopic expression of K8/K18 Iétgins, which may act as stress-
induced cardioprotective factors in the failing thea phenomenon of major clinical
significance as it also extends to human heanril
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1.1 3 #
) % *
I , %
+% ( % x0T " + , "4
"o " 3 "
(Mann 2003). % *
3 ! % " +" :
" ( " 4
x o % * * % 3
+ * % %
(" ! |
(Mann 2003).
) 8 ( " " " %4
! % "
(2 % ( % " " *
+% ( (hemodynamic overload) ( (Hammond, Lai et al.
1982).& % " + (
( % ( % (2 (Hammond, Lai et al. 1984),
% + % I * + ( %
* % . " 3 %
( ! (FGF), *% % 3 %
(Platelet Derived Growth Factor, PDGF), 8 % *
I (Transforming Growth Factor-beta, TGI- % 3 %
" (VEGF) " (Weiner and Swain 1989; Casscells, Speir
et al. 1990; Sadoshima, Xu et al. 1993; Li, Hampbal. 1997).
& % ! % ( - % ( (2
* " ( ' " + 3
% +( " ( %
Il (Mann 2003). : * "3 ( " %
: oo
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" : reo 3 % I %
* " (Goto, Liu et al. 1995; Bolli, Bhatti et al. 1997)

( %
! % *("4 3 * % :
% * Il (
+ % ( * %
* % ( %
" " " %
(Mann 2003).9 % o (
+ " ( : (
1.2 3 - 34 )
o] * "4 *

% "

( % ( (tumor necrosis factor, TNF), " -1 (interleukin-1,
IL-1), ! -6 (interleukin-6, IL-6), % ( *

+ " ! -18 (interleukin-18, IL-18), +" -1
(cardiotrophin-1) % * o (leukemia inhibitory
factor). % * * " ( + "

* ( * 0%
% " " (
" .9 % ("4 ( + 4 % %
" , b (
( (Kapadia, Lee et al. 1995; Kapadia, Oral et a®7)9
% % % +

+ 4 % + (Kapadia, Lee et

al. 1995; Kapadia, Oral et al. 1999.% , ( *%
% + I — —
(Mann 2003)." (% ( * + (
+ ! " "
% +( 3 "
(! "oox + ).9% , * + ( * (
+ , % (
S G S A ( o £ )
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2 5 ) TNF-

2.1 ) # ) TNF-

. & $ ( 5 ( (Tumor Necrosis Factor, TNF)
% 1975 % % (: -
in vivo in vitro (Carswell, Old et al. 1975). %
* o (cachectin), (: % " "
(" 3" : *% % ! *3"
" « - % TNF- (Beutler, Mahoney et al. 1985;
Pennica, Hayflick et al. 1985).

O TNF- " -+ " " "4
% % % +
% + " +% ( (
(Wajant, Pfizenmaier et al. 2003). "( % +
-+ ( % %
" o % ( %
% ( - : ! : % %

- % ( "’ “( (platelet-
activating factor, PAF). " * ,  TNF-, " * * " (
+ 3" (Ruddle and Waksman 1967), % , %
% M % ( % TNF- ,
"( % " TNF- , " (
"( + B * " 19
( TNFs.

O TNF- +4 ( % + (pro-TNF),

4 ( ! (: 233 3( ./ 3# +
* MRNA TNF- |, * ! ! 69 "( ,
8 A A ( " % mMRNA

’ 3 + " (: (Kontoyiannis,
Pasparakis et al. 1999). % % TNF- * %

4 ! TNF- (TNF- convertase, TACE), ( 2
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% + TNF- 157 3¢ A (

' TNF- "4 % % "“(

%

) o+ % " TNF- 3 ( %
( % + :
+ " % (: . & %

: % * ! + , "
* * n ( " L 1"
(Kriegler, Perez et al. 1988; Rossol, Meusch et2@D7). O TNF- "4
+ ( * , % ( " 1 6
MCP-1 (monocyte chemoattractant protein 1§, % ( %( TGF,
PDGF, " (Tracey and

Cerami 1989).

22 " TNF-
5 ( + % 1, % TNF-
* TNFR1 ! " ( '
" (: TRADD (TNF Receptor
Associated Death Domain), " " * * (death domain)
(Hsu, Xiong et al. 1995). * , %
" - " RIP (Receptor Interacting Protein) TRAF2 (TNF
Receptor Associated Factor 2) "
+H+ ( ( ( " %

RIP (Devin, Cook et al. 2000) 6 1).

20



ﬁiﬁﬂlﬂ%ﬁiﬁﬁi&iﬁ%%ﬂi@%&iﬂ!E’HEEEEEEE@EEM553SS53533553SEREEHEEZEE&?EXEESHX&HEMEM

' TRADD
" - 'EA

Kuttapémhaopa

b . ) . Nexpoowpa

N _f N £ enon T

CYLD? \ Plp p /
\MI
Zoptmhoxo Il - o

— =

l Caspase-8,
~Caspa : . S —_
caspase-10. r -
@ FADD_TRADD ) Kaomacuy

-
g B —
Caspase-8 ’

ac | | | mohamhaciacpog, o
S | Kuguxpaoglmg - Amomwon EGFR < ] sP1)
n

jMuprivac
1. # TNFR1. )
% TNF- * TNFR1 %
% ( "“( " NF- ..
NF- "4 % ( + " , % (
" L( * % % % (
4 % .. * % % *
% + (: (TRAF-2, RIP)
FADD -8 *
( ( DISC)./ *
-8, " % %
- : (
& % (Oeckinghaus, Hayden et al. 2011).
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221 NF-

: % (Nuclear Factor , NF- B) +
1986 (Sen and Baltimore 1986) % % *

* % : " (2 Rel, "

! " * " Rel./ :
: ! p50/p105 (NF-B1), p52/p100 (NF-B2),
p65 (RelA), c-Rel RelB. " NF- B % "
p50/p105 p52/p100

Rel, * +  p65/p50 (Baldwin 1996).

, NF- B " (:
B(B), " " 1
NF- B, %
INF- B % "4
C L& % *

NF- B,

% ( % ! 4
%  2).H " NF- B " (
% % ! (: . (
* ++ ( % (Inhibitor of
Kinase), " "( %
ro (: $1. %
(: 90 (Hsp 90) (Mercurio, Zhu et al. 1997; Zandi, Rearf et al. 1997,
Yamaoka, Otsuka et al. 1998).
+ ! H(+ (
(Ser32  Ser36) ++ (
" (Tyrd2) % I B (: ) H(+
| B Ser32/Ser36 % IKK! (I B kinase!) "
* % " NF- B * " (Li,
Kao et al. 2001; Onai, Suzuki et al. 2004). +(+ (
2 ' " " "
" ( ( " (Hayden and Ghosh 2004).
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2. ) ) ) NF- B. /

NF- B
(: | B, NF- B
% . % % "
% ( 1B (2 ( ++ %
, ! KK ,  IKK!,
IKK (NEMO).) +(+ "( ( 1B (2 " *
2 % % ( (

23



NF- B Ao % NF- B
*("4 - % ( )
% % + " (
* % % ( TNFR1. "
TNFR1 " % TRADD, " * " +%
% (: FADD  TRAF2.) (: TRAF2
RIP1 ( IKK % (
, | B +(+ % 3 %  IKK!
NEMO ( : : " " % "(
* p65 NF- ./ " :
% NF- %
" TNF, % ( CD40L, BAFF + 3" -l (LT-
D) " 4 * L&) +(+ ( %
IKK  ( (2 pl100 RelB,
+ p52-RelB. ) IKK
+(+ pl00 3 % (: NIK, " "4 %
TRAF3, TRAF2 2" ) *
LT-!'R, ( * + 3" 1 % % (
(Oeckinghaus, Hayden et al. 2011).
O TNF-, % ( % 4 NF-
IKK, +(+ Ser32/Ser36 | B
" 2 ( % (Perkins
2000).1 % % NF- B !
- % ( +(+ "( Tyrd2
IB ( % + ! (Bui, Livolsi et al.
2001). ! B¢ +H+ ( " ( S
" " | B, * oo
NF- B (Baldwin 1996). " NF- B
+H+ ( ( ( ( C  +%( % (
+ (2 C (1, (2 )
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2.2.2 NF-

) o+ % ( % 200 *( "4 % NF-
B. % * 3 % " ( “( " " (% (
"4 % NF- B " 3 ( *
! % + ( (
( + " .. NF-B " % +9% (
(% ( TNF- " 1), ( !
2% ( ( % ( % ( uv L
"4 3% . % "( "4 %
NF-B " ! * "4 + (Baud and Karin 2001).
, NF-B " % ( " * "4
" % % ( (Abu-Amer, Ross et al. 1998)
" , % ( + "ok + "
"4 * % NF- B * "4
% ! % * " % (
( 3" (NO), ! ,
P ! " ( ( : o, % (o,
% : 3 % ( : ( 3(
", % 3 ( " (Brasier, Ron et al. 1990;
Baldwin 1996; Hoffmann, Levchenko et al. 2002) ( + <«
TNF- ( »).
/ : NF- B I £ r
( (Morishita, Sugimoto et al. 1997; Canty, Boyleagt 1999; Sasaki,
Galang et al. 1999; Maulik, Sasaki et al. 2000), “congestive”
(Gupta, Purcell et al. 2002), “preconditioning”
(Maulik, Sato et al. 1998; Haudek, Spencer et 2001),
(Satoh, Tamura et al. 1996), “unstable angina

pectoris” (Ritchie 1998; Valen, Hansson et al. 2000

(Kubota, McTiernan et al. 1997; Bryant, Becker 1etl898; Sivasubramanian, Coker
et al. 2001) +" ( ( ( (Purcell, Tang et al.
2001; Gupta, Purcell et al. 2002; Higuchi, Otsale2002; Hirotani, Otsu et al. 2002).
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2.2.3 3 JNK p38MAPK

TNF- " + ( (2
% (Stress Activated Protein Kinase) SAPK/c-Jun N-
terminal kinase (JNK).. + ( JINK %
+(+ "( " " . " +
, % "4 + , % (
ATAF2 cJun,+(+ % (Chang and Karin
2001).) cJun "4 o + *
" ( (: - (Activator Protein-1, AP-1). ( :
* % % % (
+ " , % ( % 2) -
( (: TRAF2 e " (
JIJNK % TNF-,%( * ! " " + 4
+ TRAF2 + 4 % (Reinhard, Shamoon
et al. 1997). " * 4 "l
( JINK " ( (
(Ham, Babij et al. 1995).% ( " + % % %
JNK 3 % " "
: % %
TNF- " "
( p38-MAPK : " ! %
.. p38 , % ( JINKs,+( +
+ % ( MEF2C  ATF2.. TNF- *
N | ++ "( ( p38 MAP (Baud and Karin 2001),
(% * + " 4
+ " % ( % -
( (Craig, Larkin et al. 2000; Grethe, Ares et al020
23 O TNF-
O TNF- " ( e
+ I " , 4 * L
( " +
* , ( %
% (Banyer, Hamilton et al. 2000). ( , 3
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+ 3 % ( %+ ( (
+ ( ’ * * 3" "

+ ( (leukostasis), + "(
% S + * (Rauchhaus, Koloczek et
al. 2000).
/ 8 % TNF- ,
+ " , +% ( I %
(= I "
+ % " " 3( " 4 !
: ( “( , " , %
8 (Dinarello, Cannon et al. 1986; Kwak, Larocheli@le 1995).
TNF- " +
3 ! " % % "
; % ;
( “( : (
[ * % +( ( (tissue remodeling), "
S " % «
! + * . ., TNF-
% % ( * (
( ! : 3 % ( :
" " 3 % "
! (2 : , ( 4 3 %
! * 3  (Tracey and Cerami 1989).
5( + ,  TNF- "
4 + " : , ¥ " (
+ * "4 ' % 3 3 %
( ( (Naylor, Stamp et al. 1993)." : " TNF-
Y "( % "
% ( % (Malik, Naylor et al. 1990).
: " TNF- + "
% ( (
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24 * F- -
. TNF- +

% , * + +% (

( x4 C % "
(Manicourt, Triki et al. 1993), % % (Harel, Silva et al.
1993), 8" (Kupferminc, Peaceman et al. 1999), % 8

* (Wu, Lovett et al. 1992) + " (Sandborn,
McLeod et al. 1999). % '$ F- " 3
x o "
, % (
! ( * ) %
+ " % ( 4" % +
241 5 ) * F- )
* + " 8 ( % "
+ TNF- ( + "(
% % ( +"
" TNF- *% % % (Arras, Hoche et al. 1996).
L% " + S
+ : ! TNF- (Gurevitch,
Frolkis et al. 1996)) * ( ( TNF- P
4o "
8 1990 (Levine, Kalman et al. 1990). * 3 +
* 4 + " 3 +
% '$ F- % ( *( (Latini, Bianchi et al. 1994).
) 8 ( " TNF- (
% 3" (Kapadia, Lee et al. 1995),
% 3 TNF- % " :
% ( ( .& : 3 ( + 4
TNF- , % ( + ( % %
, % TNF- + 4 % (Torre-
Amione, Kapadia et al. 1996). "(
3 + TNF- %
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1996; Wan, DeSmet et al. 1998),(

¢

24.2

, , +
8 (cardiopulmonary bypass) (Gurevitch, Frolkis et al
+ % %
( : % "
.9 % ,
( %
% | Il
+ ), + %
" + +
3 % % (
" (
+ ( ,
("
*F )3 )
: % , * ! (
v
" 8"4 %
( " ( ¢ (
% ( (Mann 2003).
( ,  TNF-
( " (Tracey, Lowry et al. 1986).
TNF- ™ ( ! 3" ( :
3"
( )
3 % *
3 (: + " :
( (Tracey, Fong et al. 1987)
, * o4 +
" %
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+ ! TNF, IL-2 IL-6 (Finkel, Oddis et al. 1992,

Yokoyama, Vaca et al. 1993; Mann 2003). ( % + ( IL-
1! * +" " % (Finkel,
Oddis et al. 1992)/ " % % % * , 8
TNF- (<900 U/mI1), IL-2 (<60 U/mI1) IL-6 (<500
U/ml1) + " "( %
, " +% % (
% % " %
TNF IL-6, (
/ + ( (
% ( % ( (
* "4 % P (Yokoyama, Vaca et al.
1993).
(% ( % P * " %
% * " . 5¢( +
( : " TNF- % "
n ( | ( n ) ( * TNF_
( e
: ( " 3 ( TNF-
" ( re %
% " (Yokoyama, Vaca et al. 1993)& :
"4 % ( r % ("
3( % o, %  (Krown, Yasui et al. 1995). ,
TNF- " 3 + " , "4 %
P " O : NO (
% TNF- " 2" % !

(Kumar, Paladugu et al. 2007).

* % " TNF-
" x on %
. + ’
% TNF- %8
TNF- ./ " ( + " o %
+ " : % % TNF- TNFRL1.. P
o+ : ( %%
"( ! *
" (ryanodine), % "4 ( P
% % " (Dettbarn, Betto et al. 1994). "(
" ( + ’
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% " % TNF-
* ( + % TNF-
3 % !
n LU , * + " n "(
% TNF- , % 3 % (
(Oral, Dorn et al. 1997).
%8 + ( $. ( % TNF-
3 % " .9 % $.
* + n 4 , II(
* - ( , ( *
+ % (Schluter, Weber et al. 1994; Keaney, Hare et al.
1996). ( CroL + TNF- " "(
' / 2A,

+ )

(Sarco/Endoplasmic Reticulum Ca2+ ATPase, SERCA2A)"
(Kubota, Bounoutas et al.

% P
2000).
2.4.2.2
% % +( (remodeling) "
% +( " ",
8 ( e * :
* "4 3 (
(Cohn 1995). * * + ( TNF-
% +( " ! " . (
+ 3( N 3 %
, % %
(Weber, Pick et al. 1988), 8 +" (
( * % " + 4
TNF- (! * + ) %
| , “(
3 , " ( (
2 (Factor and Robinson 1988; Weber, Jalil et al.9)98 *
TNF-
, ! ( (
" " % % 3(
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(Bozkurt, Kribbs et al. 1998), ( TNF-

20% 3 % 5 (Suffredini,
Fromm et al. 1989). "
TNF- % "+3 : P

+ % ( * % R
" (Sun, Chen et al. 2007).

243 6 ) TNF- ) 3 )
+ |1 + "4 8 (
+ ( + ( ( .
9% (" ( +
"( "4 % + " "
+ * ( % 3 *
* % *% 4( (! + 4 ») ( ,
" % + " x % m
* * % % 5(
+ * o, / ( (
+ ( + |
Il "
) 3 % (
TNF
% !! ( R | ( ex vivo(Eddy,
Goeddel et al. 1992). % !'! ( O | (
( 4( o ( TNF ™ " 3+
“( % ( = (Eddy,
Goeddel et al. 1992) " 3 % + "
" (Nelson, Wong et al. 1995).
IL-1 " " "( % ! (
* o / ( in vitro (Terracio, Miller et al. 1988; Maulik, Engelman et
al. 1993). % in vitro ex Vvivo * "3 ( TNF
* " + "
Il % * " 3" (Nakano, Knowlton et al. 1998), "
* " (ischaemic preconditionin) (Deuchar, Opie eal7)
" 3 ( ( 4  (Lecour, Rochette et al.
2005).
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( , %
TNF 8 % " " *
1 (p55, TNFR1)" * 2 (p75, TNFR2),
( 3 % * . & %
( " *
T " (% (
+ * % (
(2 , 3" " (manganese superoxide
dismutase, MnSOD) (Wong and Goeddel 1988; Eddy,dGeleet al. 1992)
% (: (heat shock proteins, HSPs)
(Low-Friedrich, Weisensee et al. 1992; Nakano, Kibawet al. 1996))  (
MnSOD " e % " * ( TNF,
+(" 8 » ( ( (
(Wong and Goeddel 1988).

( k" * %
( 4 3% , TNF -1 " * %
" % 3 (% : Il
o ( .. TNF * " R (
+ % (: 72 (HSP72) (Nakano, Knowlton et al.
1996), " (: ( % Il
R | ( (Marber, Mestril et al. 1995; Plumier, Ross et E95).
, + " % ( TNF IL-1!
+ % NF- B (nuclear factor-kappa B),
" " % % , % (
+ % % ( G
o ( MnSOD,
% ( 1 2 (cellular inhibitors of apoptosis 1 and 2, c-IABnd c-IAP2)
Bcl-2, P ( Bcl-2, Bfl-1 Bcl-xL
(Wang, Mayo et al. 1998; Erl, Hansson et al. 199%, Palfrey et al. 1999; Narula,
Pandey et al. 1999).

( * "3 %
IL-6, ! " -6 (IL-6),

% * o (leukemia inhibitory factor, LIF), +" -1
(CT-1), " -11 (IL-11), + % (% (ciliary
neurotrophic factor, CNTF) " 1 (oncostatin M, OSM).

" +
C ( ( o
( *C  gp130 " ( ( gp130
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! | (: CT-1, *
"3 ( "4 % ( %
% ( ( ( a4, %
3 % "
MAPK (Nelson, Wong et al. 1995; Fujio, Kunisadakt1997).

*0s (
+ ( " " 3
% ( *( + %4
" 8 * gp130 (Yoshida, Taga et al. 1996)"
3 125 | * o :
) + ( ! 14.5,( %

16.5 gpl30~ 4 " "

% (. ( ( 4 ;" %

3 ! ! % gpl130”~

8 3% ( gpl30 * " "
G G (%

1 " 8 ( *( TNF 1
2, * "3 ( " + "4 3
+ Il % * " (Kurrelmeyer, Michael et al. 2000).
" gp130"~ ", TNFRI'TNFRZ™ 4 + %
% + % % *(" , + 3
+ I % 3" "+3 +
"L &% " !
* " TNF,
( ( *( TNFR1  TNFR2
3 I : " ( o
%
. & % " !
3 (  TNFR1 TNFR2 " ( ) % (
" NF-B I'" ( ( *( (Rothe, Sarma et
al. 1995), " " % (
+ (
/ % + : % % (
*( TNFR1  TNFR2, * 4% * TNF 2

(TNF receptor—associated factor 2, TRAF2), ( *
" TNF % !
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R | ( (Burchfield, Dong et al. 2010).% % + :
3 + " (dysferlin), " 3(
(: % ( ! " % ! :
"4 + % NF- " %
* TRAF2 " "
% TRAF2 % !! * ( (Tzeng,
Evans et al. 2014).
/| 8"4 ( " % ( +
" * % ( " ( "
’ * -
! % ( % +( % ! |
" " % %( ("
( + TNF- * (
(" % : "3 "
*
x o %0/ " gxn
24.4 -TNF-
' % % (
" ( % , “(
( ( + :
3
/ % % TNF- "
+ . +% " "3 *" , "
N
. ( tanercept (ETA)
nfliximab (INF)
(Reimold 2002).' tanercept, %
% p75 * (TNFR1) Fc * IgG,
TNF- " nfliximab " %
( % "( : " %
I % TNF- "4
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In vitro in vivo Etanercept

8 % + TNF- (Kapadia, Lee et al.

1995; Bozkurt, Kribbs et al. 1998). * 3*
3 % % Etanercept

" (Deswal, Bozkurt et al. 1999; Bozkurt, Torre-

Amione et al. 2001)! Bozkurt
, % 3 Y "
", ( %* " 3% % (

3

*%

) (Bozkurt, Torre-Amione et al. 2001).

3

tanercept

RENAISSANCE

(randomized Etanercept North American Strategytudysantagonism of cytokines)

and RECOVER (research into Etanercept cytokine gamiam in vascular
dysfunction) (Anker and Coats 2002). %
Etanercept, " * ! v
( +( 3 % New York Heart Association)
3 % % 30%( . % (Khanna, McMahon et al. 2004)).
9% , * Etanercept
% : %
% % %* % P %
"( s
ATTACH nfliximab, (
%* oo 3 % (
TNF- 150 " (
(Chung, Packer et al. 2003). (
, 4" % %,
( ( ( % ' % TNF-
* " ;o (
( '$ F- % + " " %
% (
3 ( ( "
% ( * . * (" % ( %
( TNF- " " + % : "
% % " )
+ 8 " (
: "4 *% :
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+ * + %
* * ( _ ’
8 ( € ( * )
( SRR " "
*( ! , " + "4 8 %
TNF- . " * 8 % Etanercept
3 % « . " ( (: +
(carrier) " " TNF- ! % %
TNF- + + " .. TNF-
Etanercept " * ,
* % (~620 msec) (Suffredini, Reda et al. 1995).
( " 3 ' % TNF-
( % ( , " (
(Mann 2002).
& %+ ,* " " ( % " TNF-
" " * "4 + % " -
¢ . % (Javed and Murtaza 2013)).
( * 8 " ( "
nfliximab, % " % 308G/G * %
+ % % / /G (Mugnier, Balandraud et al.
2003), *% * % TNF- %
" i o
245 % ) - TNF- ) -
)
2451 -
/ + " TNF- %
3 % "
+ 4 TNF- : %
+ : " ( (
* - % -Myosin Heavy Chain (aMHC)
(% 3).° " * + %
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*+( ( "( %
* ( ( ( ( + %
% +" * * + n ( , (
% ( ( : + +
% ( ( ( (Kubota, McTiernan et al.
1997; Bryant, Becker et al. 1998).
BamH1 EcoR! gl saT Pat ook Bami Sl
4 alpha MHC promoter i—)-H mouse TNF- HS\MO polyAh
—_— S -—
#81s #82as #8das
3. $ 3 -
- TNF- MHCSTNF .
" % 5.5 kb
" Myh6 (a-myosin heavy chain), ("
4 * ) ! * +
TNF- (Tnf) : 1.1 kb ( " %
( * 3 + * o/ *
150 bp * "(
SVv40 % MRNA " . % % (Li, Moody et al.
2000).
% -
+ TNF- " “MHCSTNF ” (Li, Moody et al. 2000),
% Mann. ! %
* % " ( " 4
" ( , + + "4 +" (
( : ( % ( ( , 2
3", + ( , % +( 3(
% % . ( I- % :
% 20-25% ( " " " ( 6
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) ( 3 8 |

% % * * oo % :
% (Feldman,
Combes et al. 2000; Sivasubramanian, Coker etQfl1)2 , "
3 % % % : " 4
* % r " % :
%! " (Saba,
Janczewski et al. 2005). * * " !
" * (o C % (" ,
%
"Aypiou TOtrou (1 pnv) TNF-a (1 unv) "Aypiou TOtTOU (2 PNV) TNF-a (2 pnv)

4, - -
- - NF- 1+ % %
* % + TNF- “MHCSTNF "(Li,
Moody et al. 2000)& 4 + +"
: ! ! % ( % ( (

(Sivasubramanian, Coker et al. 2001).
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) ( ( - + TNF-
% (! % x4
" ( % 4). " " + "4 * "
* ( | * ,
+ % + % ( % 4).. 3
%( + ! % +" % 1 3
, % " (Engel, Peshock et al. 2004;
Haudek, Taffet et al. 2007, " %
B / 3 ac
) * ’
+ "4 3
) A S
: %
245.2
245.2.1
) % +( I % * %
" " ) + g o
" * "4 % ! % " , % (
+ (2 12 ! $ F (atrial
nutriuretic factor) I MHC, +" :
" + % ( " 1
* (: ( ( (monocyte chemoattractant protein,
MCP).) 3 % ( (2 MMP-2 9 (matrix
metalloprotease, MMP) "o "( " ( (
(TIMPS) ( (
" % * % " % +(
) o+ (interstitial) % %
% ac
(Sivasubramanian, Coker et al. 2001)% 5) " * %
* + " " +(" % +(
4 ( ) + MMP-2
+ TNF- +" "
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" MMP-2 "( " "(
(Matsusaka, Ikeuchi et al. 2005).

/ " ! TGH *

+ " ( ( .l MHCSTNF ! (
TNF- 3 " TGH (Sakata, Chancey et al. 2008), " "
(% % " " %
% . * % % + 4

TNF- (interstitial)" ( ( TGH.

TNF-a Aypiou TuTroU

2 priveg

”
({=]
A.
5 # 3
3 - - TNF- & 4
% % , % %
( ), " % +( " MHCSTNF .
- 9% 3
" + 4 TNF-  * WT.
2.45.2.2
H | * _— ’ % (
! * " ¥ TNF- .
1 MHCSTNF 3 ( "
%* ( * (Engel, Peshock et al. 2004).TNF- " %
( (Haudek, Taffet et
al. 2007).*  * " " "( ( (o N
( : Fas, Bax Bad, -
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( " %( Bcl-2, Bfl-1 NF-  (Kubota, Miyagishima et al.
2001)./ + TNF- (
* c % *% : 3 (
( ( (2 Omi/HtrA2 Smac/Diablo.) + Bcl-2
( MHCSTNF " - %*
( - ( % ( :
-8 Bid, % (% (Haudek,
Taffet et al. 2007).
( , % + TNF-,
| 4 " , * " 0% *
+ ( (Kubota, McTiernan et al. 1997;
Bryant, Becker et al. 1998).
2453
24531
TNF- .
5( 4 " " + , %
( ( 0« ( "
( % ( " )+ (
" ( %
+ " , % ( % * ( "(
( 3 :
"( ( (
1 ( ( % -
+ TNF- (MHCSTNF) 3 3
TNF- : 3 "
(Panagopoulou, Davos et al. 2008). : (
MHCSTNF4( + "4 ( * %
(: HSP25 4 % % : 4
F'% % 1% " (% 6). , (o
( 1% ( "( + "4
MHCSTNF " , -
3" 43 + "4 + % % % "( (
( : 4 % 1% " % (
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Agopivn

AsopotrAakivn

A

( ( ( MHCsTNF

3 ( ( 9% ("

iou TUTTOU MHCsTNF D263E/TNF/des-/-

6. )
TNF- 3 3 L+ %
MHCSTNF, D263E MHCSTNF Des’
.) D263E " " ,
1% " MHCSTNF L% ( " ,
% MHCSTNF 1

:20 m. % (Panagopoulou, Davos et al. 2008).

/ " , " ( 3
MHCSsTNF +" ( % % 6
263 3 ! (Panagopoulou, Davos et al. 2008,
" (% " (% % & %  %( "
( " " "
+ TNF- " " : * ,
3 / , " %
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% " %
( % % % ( 3 (D263E ) 3
( + I % % + % MHCSsTNF
(Panagopoulou, Davos et al. 2008). MHCSTNF D263EDes’™ "
+ "4 o " MHCsTNF,
" ( % 6 + "4 I %
+ 1% " 4 %
( (% 6)
% (
% , 4 *
! ( ( 1% ( " !-
" "4 I % -
% % " " * %
3 w( ( +
TNF- .
3 % '
31 + ) # ) '3
% " ( « "
("4 % % ( "
; % *
b ( (" :
" 2" " (Lazarides 1980; Steinert and Parry 1985; Fuchs
and Weber 1994).
S + " (
" % 200 nm( 25 m 25 nm./ % 13
(2" " ( Lo *
( 1 ( ("
: % ( S
"( + "( "( (Wittmann and Desai 2005).
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2" (:
* 7 nm " , (
%
"4 ( ! % ! :
% “(
* %+ « .= %
% (" 3( *
" : 2%
, % ( "( ;
"4 ( (Delon and Brown 2007).
H (: * "4
(" T (:
(" « » ,
* "4 % * % % %
*( %
" * % ( +% (: -
+ " ( ( A ,
* "4 " *" %
* %
* % 10-12 nm,
( 2 " ( ("
/ " (2 , +
% + (2 %
% * % ( ( ( (
4 + : " "4 3 :
(: ( (" ( 2 ' (Lazarides
1980; Fuchs and Weber 1999). ( 4 %
* " ( : (
( “( * %
" ( ( "( *
* % %( + *
- ( ( (
+ % +
/ % %8 %
* % ( ( ( % % + *
% ( (2 ( %

(Pogliano 2008).
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4.1 + ) # )

( ( ( ( (
“( % % % "(
% % % ( (" ( S
+ 4 % % % % (Fuchs
and Cleveland 1998; Ku, Zhou et al. 1999) *( "4 5 !
( ( 3 " (2
-V * "4 R (:
( "( vV * "4 " (&" 1).
) 8 % : % % (
" % ( %
( “(
% , " * 3*("4 " % 2"
" (" (Fuchs and Weber 1994).
( : (
( o % 70 (
(Szeverenyi, Cassidy et al. 2008), 4 + 3
! : % % ( (Szeverenyi, Cassidy et al.
2008). , * + " % + 3 % % +
( (2 ( " %( " RNA
(Hol, Roelofs et al. 2003). ( : ( ( "( 4
+ + 3 , + (
+ " ( * - %

(Lazarides 1982; Hesse, Magin et al. 2001).

% * % % ( (
C = ( + 4
( . (
* + ), P (vimentin)
e ( “( £
_ % ( ! . % (
(2 " % ,
(: " , 2" (syncaoilin) " (synemin)
x g % " R | %
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( “( (
NF-H - Neurofilament Light, Medium, Heavy)
(Herrmann, Bar et al. 2007).

(: ( ( (
% 4 ( , % (
o (e ( “(
% ( % Hydra
/ (
elegans * * 12 " (
B (G Drosophila melanogaster
L2 (

* n

Saccharomyces cerevisiae %
Riemer et al. 1999; Karabinos, Schmidt et al. 2001)

( “( ( “( 3
' " % : + 4
& 3 " " 3
* o
% * "
4( *
L | | (
3 + (
(" w( * ,
% "
( " .4
(:
% (
4.2 )
% * % *("4
, " ( *
( " %
% ( “( +
, " % "

2 "( (NF-L, NF-M,
-3 (a-internexin)
+ % *
4(
Caenorhabditis
,  Caenorhabitis
(: (
(
4
(: (Erber,
+ ( %
3 3 (
+
3 3
, % ( (
: : 4
% ( + "
* (4
( 4C
(Lazarides 1980).
" %
4( 4
* "4
, C, Bl 2 (lamin A,
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lamin C, lamin B1,

lamin B2) (Stuurman, Heins et al. 1998). %

"4 “( % + (:
( ! : % ( (:
(" (Burke and Stewart 2002; Guelen, Pagie et al. 2008 %
" ( "( "
( ( (2
(: ( 3( ! , % ( nesprin-3
(: Sun (Ketema, Wilhelmsen et al. 2007).
O ( (
( , " ( " %-
"4 % (Heald and McKeon
1990). + " ,
" 2, " ( %
* % ( , 4 «spindle matrix» (Tsai, Wang et
al. 2006).
: " * "4 " in vitro ( + %
( (2 ( (O ,
4 * % I % "l 3 24
nm). 1 % * % ( ( ' % (
L " *( " * % *
"(  (Heitlinger, Peter et al. 1991; Stuurman, Heinsakt
1998).
4.3 % )3 3 3
1 3 *
( ! * 3 (: ( ( “(
6 ! ! (sequence homology classes,
SHCs).. 1 % %3 " % !
" D : , GFAP (glial fibrillary acidic protein),
+ " (periferin) , 2 (: NF-L,
NF-M, NF-H (Neurofilament Light, Medium, Heavy) -3 (a-
internexin), " (nestin)
" A\ \%
\ " % (: ( + : Bfspl,
" " ( ( + " (filensin) Bfsp2, ( (



+ " (phakinin) CP49 (Parry and Steinert 1999). (
(2 ( ( "( 4 &" 1.
1 38 ) 3 3
(%3 ) (9-20)
(! ) (1-8)
1 *
1
GFAP 1] /"
& + &$./.,%
/2" 1
2 + :
$ ( v $./.
! " , NF-L, NF-M, NF-H)
- 3" v $./.
$ " \Y] $
/ v 1
- A C Vv &
- 1 2 Vv &
> VI >0 +
> VI >0 +
/ E% 7 4 ( ( (2
( "( " : %
3 ( (2 o
* "4 % 1% + (rod domain)
45 nm, % +( - : " ! % -
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163 - * x oy ( +  (head) (tail)

4 + ”

¢ . 0 (Herrmann, Bar et al. 2007; Kim
and Coulombe 2007)) @ 7).

- f——— o-helical rod ——
Head 1A 1B 2A 2B Tail
L1 [i2 |2
B

( ( (o1 1% + (“rod”) -
B ( ( ( .&! %
! - " , + (“head”) $#
(“tail”) ct . rod * 310 3¢ *
1,2 3 * 8 , % %
* ( : L1, L12 L2.' % * rod
% 8 * 15-20 3¢ ( 4
* ) ! ! % + "4
* 3 -0 ( “(
o in vitro % ( (2 !
5 14, % ( 4 " *
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2007).

5

5.1

"(

% (

5.2

O *

)1 ! : 100 nm. " ( "(

“stratum corneum” " *
3 (3 ) & 4
( ( (‘para’) (‘perp’)
: 50 nm. % % (Kim and Coulombe

) # )
(: (
2 L)+ 4
% % - "
% Lazarides Hubbard 1976 (Lazarides and Hubbard 1976)
0,35% ( (2 % 2%
( : + 4 "2 (
(Wede, Lofgren et al. 2002} ( ( "
% (2
: 2" *% % :
(
% + + + %
| * *
+ )
% * % % ( % * "“(
4
+ 38 -
( M % ! *
*( : " 4 C3 *(
% "ot “( %( ( (
8 " 3 ( +% ( (Capetanaki, Ngai et al.
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1984). '

! * ! 8,4 kb

! 9 3% 3 ! % %
0,1-2,2 kb (Li, Lilienbaum et al. 1989), * I %
! 1,2 kb % Alul
8 (
521 +
3 , + " " "4 %
" HLH + (Myf5, myogenin, MRF4, MyoD),
( 1 EF2 (Myocyte Enhancer Factor-2)
+ % , % % (Kuisk, Li et
al. 1996). 1-box 85 ! 3
+ " " ( +
* ( * %
*"( 3 F( -578 -976, *
2-box % ( MEF2. ) *
(" ( " ( (Li and Capetanaki 1993; Li and Capetanaki
1994). I " % * "4 8 " +
" : " P (~1kb )
* " % + MEF2
" % GANNTG ( -box), " "
% (  mHLH % ( (Myf5, myogenin, MRF4,
MyoD). . 1 EF2C ( MEF2) mHLH
' * * "
-box : * "
+
) MEF2 * % (
* " % % , %
* * o 3 % ( % (
MEF2 ( + "
(" , 3 2-box
" " %
% , % . ) ) (
% ( mHLH +" « "
( + 12
3 ( (Li and Capetanaki 1993; Kuisk, Li et al. 1996).

52



5.22 38 -

) " (: ( "(
% 2 ( , ;
(Lazarides 1980; Capetanaki, Ngai et al. 1984). (
SDS-PAGE " " "
" % ! ( 58 kDa.
% , + " * +" ' "
+ * 4% ( ( :
: Sertoli,
( (Clemen, Herrmann et al. 2013).
53 - ) ) (
) " " % " 3
( (Capetanaki, Bloch et al. 2007) % ( ,
o ( + «( *C,
% * % 3 (Herrmann, Fouquet et al. 1989).
3 ! , " + 4
3 * % " ( 825 8 :
4 ! , ) !
(: ( " ( ! :
+ " 2 (% , " + 4
' % |, + P " (Duprey and Paulin
1995).
I * % " 8,5 " ,
+ "4 % %
(Schaart, Viebahn et al. 1989} " ( " % + 4
* " (" 0% * 0% " nx
(: (Kuisk, Li et al. 1996).) " + 4 *
+ ! ,
! : " %

(Kaufman and Foster 1988; Allen, Rankin et al.1)99
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S G " S GE GE

(2 , % ( + % (
% ( myoD, " mrf4 (myf-6), 3" myf-5 (Li, Choudhary et
al. 1994; Kuisk, Li et al. 1996)1 + Myf-5  *
" " : % o Myf-5 " "4
% % + " (Li and Capetanaki 1993).
5.4 %
(2 % % " " % 470 3 *
53 kDa, " % + 2.2 kb % (
* 2 ( Northern (Li,
Lilienbaum et al. 1989)& 4 1% + * (rod
domain) 3 - : % "L &%
: ! ! % * ( 4
( “( % 7)) *
% 308 3 % % pxr
: % %
8 ( (heptade repeats),
% +( (coiled-cail).
* + 3
4 + 3 ( (2
( ( % ( , % ( 3
! . 5¢( + % + : *
% - ( S G G
4 "( : "4 % (
( “( .
3 (Eriksson, Brautigan et al. 1992; Heins and Aed®4, Sihag, Inagaki et
al. 2007).) + " " % 84 3 "
" , " ( 3 : * " 0% "4 %
% % ( “( ( “(
" ) 13 * " " ( (
( “( " (: " ¢. %
(Bar, Mucke et al. 2007)), % + 3 % " "
" % " ?-" (Mavroidis, Panagopoulou et
al. 2008).
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* + , 3
*% " ( +% ( (2 -
( ( “(
5.5 - -
-+ "4 % %
( ( ( "(,%( + .Invitro +
" o % -
% , "( % +(+
" , " ( +(+ %
% % " (O'Connor, Asai et al. 1981).
% , " * +" % " 32P
+ ( (myotubes) % . 4
( " 3 H+
% " (Gard, Yamada et al. 2005). ,
H+ %+ 30 (2
C, Aurora-B, CDC2 Rho , 4
% ( "( + (Inada,
Togashi et al. 1999; Kawajiri, Yasui et al. 200&wa and Inagaki 2006).
@ 3 i " % ( p21-
(PAK) “( +H+ " (
" “head” " " : +(+ ( (
PAK " * % * "( (Ohtakara, Inada et al.
2000)." " e ADP- 14 *( " (
" -ADP- 14+ ( , " *
(* " 48 % " 68 “head” %
(Zhou, Huiatt et al. 1996).
1 3 ( ADP-14 (
o " "% " 4 * %
"( ( "( " " ,  ADP-14"(
* ( "( " " % - %
" 3 % % ++ 3( (Yuan, Huiatt
et al. 1999).
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5.6

) " 4 % % % *
( % ! i !
z-" " % ?-" * L% ( +"
% " % (Schroder, Warlo et al. 1999).
: " ( % " % ! !
1% " , % (" " (
2 ( % (Tidball 1992).
) " % * *
4 " ;
( 22" ( 2% ! :
«( »"C % ( ( ( (
% (0 (% : S

( (2 ( (Kartenbeck, Franke
et al. 1983; Reipert, Steinbock et al. 1999 "
n !

2" (% 8) ( 2 "
% ( *% : 3(
(Capetanaki, Bloch et al. 2007).
. * " ( "
( ( : "’ !
"t * ( ( ( (2
( / 4
( : (Pardo, Siliciano et al. 1983; Samarel 2005).
* 3 , %
( ( ( ! o
% 3 ( +% ( (
" % o "
( % DNA % (
DNA (Traub 1995; Chung, Arutyunov et al. 2015). %
+ " % : *% ’
+ % +
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To " | ( "“( " (Desmin IFs," ) 3

% " 4" " , " 2"
% " ) 2" 3
! 8 ( 2-"( / %
I " , % (
*% ( ), , : % "
( 1% ( "( (“Intercalated Disc”), *
3 ( : " 4
* % (: ! . % %

(Capetanaki Y, Papathanasiou S et al. 2015).
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5.7 % )

57.1
% ?-"
% " % " "
(" (Lockard and Bloom 1993; Tolstonog, Sabasch et 28102;
Mermelstein, Andrade et al. 2006) % 8). :
" % +
"o * + o 4
2 .1 % 4
/IC " " "4 8 %
" * "4 !
(Capetanaki, Milner et al. 1997; Ralston, Lu e8i06).
1" + % " (
( "( " 4 +% ( "( (Chung,
Arutyunov et al. 2015)!( "o + ). * " "
% in vitro ( " " (
( 13 * (Georgatos, Weber et al. 1987),
( % * e in vivo
, ( + " * " +
( o ( +
% ( myoD ! : C2C12
12 ! % " ! " (Li, Choudhary
et al. 1994; Weitzer, Milner et al. 1995; CapetanBloch et al. 2007).
' , " " % % *
* , * (" % % +(
o O (Capetanaki 2000; Shah, Davis et al. 2004; CapktaBloch et al.
2007). ' ( * "4 %
% "
5.7.2 #
/ * ( * % " + "4
: %
* | (
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(: (Tokuyasu, Dutton et al. 1983). !

% (: " :
* (Reipert, Steinbock et al. 1999).
" (% % " L
" " *% , %+
(:
* ! ( : )
. % " * "3 ( "’
g * " ' ( "
* n + , * ( (
3( * ! (! "o + (Milner,
Mauvroidis et al. 2000; Capetanaki 2002)).
5.7.3
* 3 %
(: * % TRIM
, " (myospryn).) ( : + 4 % %
% % "4 " +
( 1%
( ( (
(Kouloumenta, Mavroidis et al. 2007). " "
! ( "( BLOC-1 (Biogenesis of Lysosome-related
Organelles Complex 1) ( dysbindin.’ % *"4
" ( (2 ! (
"( (Li, Zhang et al. 2003).
/ ( " " : "
* % %
% + % , ( %
(Kouloumenta, Mavroidis et al. 2007). ( (
* " % % ( “( "’ (
* 4% ( (2 " ( “( !
“(
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5.7.4 ) 34

& % " " "4
% (: . % 8 ( *
S ( (2
o+ % (Capetanaki Y, Papathanasiou S et al. 2015)).
/ 2 " A
(: ( " (: ( : (
x n I , ( % % ,
( * 4% % ( 2 3
1* * + (
3 )
" " (: ( (O
% (1" : " GFAP " " *
(Kachinsky, Dominov et al. 1994; Guma, Mello et 2001).)
S ( (:
" (Granger and Lazarides 1980), (
% (: IV ( ( “(
% " 4 «( '(
5 o " - * *
% " , - P (Bellin, Huiatt et al.
2001).) " : %* " " "
" <% C
(Schweitzer, Klymkowsky et al. 2001). , % %
(r ( L o
2" " ( " ( % 8) (Costa, Escaleira
et al. 2004).
% % (: ( ( (o
(2 ! : 2 "
" o
! ( C ! (
2 " : * %*
" (: | "
" (Larsen, Dalen et al. 1999). 1%
( " " (Meng, Bornslaeger

et al. 1997; Lapouge, Fontao et al. 2006).
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5.74.1

5( + , 3 ( ! * "
( ( ( c ., " :
2 5 ( + 4 %
% " * : " -
* " ( " (Georgatos, Weber et al.
1987; Lockard and Bloom 1993).
) ¥ (: ( (
3 )" P " " -,
( ", " 2" " -V, %( *
+ ) ' , ! + 4 4
4 ! : * + (
( o " ( “(
" (Herrmann, Bar et al. 2007). ,
+ P ( " " 4
+ 4 (Sharma, Mucke et al. 2009). " " ,
"( 2 %
(Carlsson, Li et al. 1999). : " !
"4 " P (Granger and Lazarides 1980),
(% +" * % "( :
" P o " (Bellin,
Sernett et al. 1999)/ % , " "4
+ ( ?2-"( % (Mizuno, Thompson et al. 2001).
@ (: ( ( 4
" % " 2" : " "4
2 8 : % ?-" & %
, 2" " *
* % ( ( (: * 4%
" L ' on * " ( * %
" ( ( “( "’ (Poon,

Howman et al. 2002).
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) (: * 4%
) (
"( " 3 ' % % "
+ (: " / % , + 1d  1f
" n.
* : + 1b *%
(Konieczny, Fuchs et al. 2008).
) !
"( (coiled-coil rod) " (
" % * % % % (Favre,
Schneider et al. 2011). + " % " * o
"4 " : % % "
( (Robson, Huiatt et al. 2004), " ( ?2-"(
( /o ' "o S
+ " + " (
2 (Breckler and Lazarides 1982).
* +" (
% * "4
" (Schweitzer, Klymkowsky et al. 2001)L" (: "
" " " (myospryn) (:
* 4% 5, " % !
% 1 "( * 4% ( (BLOC-1).
" ! * “head” " "
"o 24 3( SPRY * "
(: "4 * %
| ( % ( 1% ,
% 5( *
o ( " " S
"4 % ! ( ( ( (Kouloumenta,
Mauvroidis et al. 2007).
(myotubularin), (: 3 " * P * 4%
6 *(% ( (XLCNM  myotubular ).
3 XLCNM
| ( "4 " " - "
(% " % ,"(
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+ % ( " + "
+ (" *0 (Hnia,
Tronchere et al. 2011). : ! * b
(: SP-A, (2 (
: " * + " ( "4
% ( "( (Garcia-Verdugo, Synguelakis et al. 2008).
5.7.4.3 " / !
#
) o+ (
) (: ( 1-4( " -1 (myomesin-1, skelemin)
+ * ( (: % " % (Price
1987).1 % % ?- 1- , %
" % % *
% % % (Costa et al., 2004). % , *
! "( (coiled-coil rod) "
! " ( ?-"( (Bang, Gregorio et al. 2002).
) ! S G , (v %
"o " Cx " ( "
(: % ( " , * !
(rod) (Fujii, Takagi et al. 2000). *" o]
( (: (plectin),
" (" (Wiche 1998).
( 2 ( (
% " ( % ! A
% " : " " * "
(: " (Langley and Cohen 1986). 3
! "4 % " *
" " (Georgatos, Weber et al. 1987). " !
% * Ll ,
% * " ( 4 % ( *

“motor end plate” % !

(Mitsui, Kawaijiri et al. 2000).
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5.74.4

$ %
- % HspB1 ( Hsp25, Hsp27) HspB5
( aB-crystallin) (Bennardini, Wrzosek et al.
1992).) HspB1 3 % +(+ "
HspB1 " 15 (Kawano, Fujita et al. 2012). :
" * * n ( % ( -6 .
' % ( : -6 %!
3 264 (1 *" 3  Asp263
" ) R * «L12 linker» "
(Fig. 7). 3 % 2% " % %8 % *
o % " % ( (
* "( (Chen, Chang et al. 2003).
) oo % % (
: (Ca- 2 ) (Goll,
Thompson et al. 2003). (% % :
2% (% ( ( + , !
(head, rod tail), " " * * %
( ( oo " K
+ * "( (Bar, Sharma et al. 2009).
* + ( * % ( (2
( " * % ( ( ( (Elamrani, Brustis et
al. 1995). 5( (: ( "( * +
" 4 in vitro % ( RNA DNA %
(Vorgias and Traub 1986). % "4 8 % %
! 3 "( az " ) 8 (
o " + )
" in vitro DNA " *
% ( * * DNA
*n( +" " ! DNA

(Tolstonog, Wang et al. 20Q0)
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5.8 # 9

1 3 * ( ( %
" % |
+" " (desmin related myopathies,
DRMs), DRMs
4 2 %
3 " : - " , + " -C, " :
ZASP, BAG3, FHL1, VCP " * "4 %
( * " (Selcen 2011). DRMs
4 + * , %
%
(Goldfarb and Dalakas 2009).
* " " 70 3 " " * "4
(Clemen, Herrmann et al. 2013; Capetanaki Y, Pepatsiou S et
al. 2015) (%  9).. % % * 3 , 3" *
* " " % (
( ( % 3 8"4
E% 9 % +" % 8 +" * o
1% + * % + L&
: 3 “rod 2B” " "
' % , ( (
+ * 4 " %
% (Clemen, Herrmann et al. 2013).
& % "( (missense) 3 :
+ * +" 3
% % +
+ " % 3 "
" % C
, "o * 0% + "
(Kaminska, Strelkov et al. 2004).
& % % 70 % ( 3( " * "4
" .o+ % ( 3( % " !
Il + % ,
% ( (dilated cardiomyopathy, DCM) " "
o, % (restrictive, RCM), +
(hypertrophic, HCM), % 3 "
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(arrhythmogenic right ventricular dysplasia/cardympathy, ARVD/C)
(Goldfarb and Dalakas 2009; Clemen, Herrmann. &i(dl3).

HEAD a-HELICAL ROD TAIL
{P:3er208TLeu
Asp3lRAsn
ASP336TyTe
Ala337Pro®
Leu338ATge
ASp33OTYT
(¥ Argl73_Glu179del Asn34ZAspe
Lys20 1 ArgfsX20 LeuZ4BProe
©.840-BA>0 o @ Met349_Argdb6dellnsGly
Alag15Valee (2 Arg380Trp Arg415TrpEle
P Asp214_Gu245del se {F: Arg350Pro » Pro4198er (¥ #
Lys241GInfsX4® (¥ Arg355Pro ® Argazox e
Glu245Aspee Ala3E7Pro Glu439Lyse®
0.734A>0 (RS0 e L Thraa2lle
e ¢.736+R_755+1 1d8ITATACCTTGG [Ala380PTO; Asn30Z1le] Thra4SAla,
Piger2lle Asn366del® Lys449Thr
(B)ger7Phe Tle387Phe: *Dedfihite
Fomiarne T Tedsiivs
(F)Ser13Phe soe o LeuR74Proe Leu385F: Arga54Trp (B e®
(¥ Arg18Cys® LeuRT4Arge omasepﬁ C.1280-RA>RG Glu4B7Val
{¥iBerd6Phe Glull4del Leus9RPro Glu413Lyse Val459Tle s
P — Ginl1BArgfsX116e Leu285Val ASp39QTYT Gh413ATge Bwdsona e
e e Asnl168are G401Lyse =
Ly Alal20Aspe #Arg400Trpee Val469Met
L1 L2 X471Tyr
208 412 470

88 73 108 141 168
@®) ®

" ( ) 8 +" "4 *
2, * " 3
+ ( (Goldfarb and Dalakas 2009)
(Capetanaki Y, Papathanasiou S et al. 2013). % (Capetanaki Y,
Papathanasiou S et al. 2015).

) 8+ o
( , + "4 ( %
9 % * + " ( " :
+ de novo  3( (Goldfarb and Dalakas 2009). (
% ( - 4 ( .
" +" + "4 ( % %+ (

/ "+ % " ( " "
(Bar, Mucke et al. 2007; Capetanaki, Bloch e2@07).
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) Do ( + C
( %  *
+( C1(
2 ] x g %
( ( C( *
% .) + (
% ( (
( (( 2 % % (!
% o + "
3% + " + (
"( ! (Clemen, Herrmann et al. 2013).
* % 3 + (
( ( (
| *
! ) ,
( %
% (° 8 (
"( . ( *0p ( (
( ( %* N
59 "# )3
59.1 " )
5( + ' % 3
" ) "4 «coil 2B»,
* * % ( "( (% 9).* x 1
* ( 8 +" ( 3(
* ( % " * %
* ( (o ( % * "4
(2 ( : : % 3
( = * ( "( (Bar, Mucke et al.
2005). 9 % + " ( (
) ( ! ( ((
% 3

67



) " % ( % ( + -t
( C %+ ( , ADP- 14 *( , 2 :
4 "( , 3" ( "( ( % 9) (Winter, Paulin et al. 2014).
% -+ (
" , % % 2 '
3 . -+ 4
" " (: A
: " " " +(+  ( (Caron and
Chapon 1999) %*  3"( " "( (Janue, Odena et al.
2007).
/ : " L (G
+ % ! % (Capetanaki Y, Papathanasiou S et al. 2015) " (
%* 2% ( *( 4" (Diguet, Mallat et al.
2011). , + LI 3
+H+ % 2 3
" (Cohen, Zhai et al. 2012), " " * %
+ " ! : 3 " " 4
% e -+ (% 9,
" 3 "
593 3
) 8" :
% % ( * * g 3
5( + "ok + , " * * n
( "’ %~ (% *

+ ! ( % %8 % *
«L1-L2 linker» % -6, " % TNF-
(Panagopoulou, Davos et al. 20084 7).

) % (o

"( ! % " . 2003 "* ( % (

' in vitro % 3 263% % -6,
% ( % % ( (

TNF- . % 2% 8 * % * "4
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% !

( % % %

%

+ 4
in vitro
(%

*

%
(D263E '

%
% (
al. 2003). % : %
D263E, ( !
TNF- % (Chen, Chang et al. 2003).

),

%

% (

: %8
% +
Halperin et al. 2014). ,
13 % "
%8 %
3

o %

+ (
"4

in vivo (

*

3

* *x N

3

%
+

%8 %

594 ' 93 34

)

*

4(
%

* n

(Agnetti, Halperin et al. 2014).%
L %( "

*

%

3 % ( +" %

% 2"
YOD1,
(2

* %

4 % - 2

% %

(Mavroidis, Panagopoulou et al

"4
(Chen, Chang et al.

( (

263
( D263E
-6 (Chen, Chang et

*x N

% %

“head”
(Agnetti,

( %
. 2008)%

%

%

(Weisleder, Soumaka et al. 2004),

+ I

(Liu, Chen et al. 2006).

% +

(

TRIM32 (Cohen, Zhai et al. 2012), "
(Kudryashova, Wu et al. 2009).

..( !

%Coxsackievirus B3 (Ye, Zhang et al. 2014).

69



5.10 /
/ "o + : 4 % !
" ( (2 ( ( “( 9 "
1 * 3 1 )
* % * " % !
" " . % (Fuchs and Weber 19949. %
* " " "
+ " , % ( +
% +
5.10.1.1& " Des’™
) " + 4 " !
% % " % (
* * (Li, Colucci-Guyon et al. 1996; Milner, Weitzer
et al. 1996). "
1o Des’ * %
(Milner, Weitzer et al. 1996)) %* ( %
n + n (
Milner et al., 1996.. + * 3
3 8 %* 319! 3t 3"
+ " % * o % 2% (Weitzer, Milner et al.
1995).
Des”™ " % " % " mRNA
% " (: , % ( 3 Northern  Western
" % % ! " " % ! +
% %4 + , % % % %
+ "4 + (
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5.10.2.

ny

Milner et al. 1997). :

LG ( ,

* n %

oo (
(Li, Choudhary et al. 1994). invitro  invivo
( + !

+

( (

: P % (

(
(Weitzer, Milner et al. 1995).

(

"(

%

( 2 ( C =%

% ( myoD

"4
(myotubes).
(

"( myoD

%

%

* (Milner, Weitzer et al. 1996; Capetanaki,

«( 27 , 2

( Des’” + "4 %
(Anderson, Li et al. 2002). "

% 3

4

+

+

8" %

(Shah, Davis et al. 2004).
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| Des”™ 8 *
+ (" % %
4 " * ( ( " 2 «
* , % + % ( %
( 2 i % ( + "4
% % " : % * % *
( " (Li, Colucci-Guyon et al. 1996; Milner, Weitzer &l
1996).
5.10.5. -
: % (" % ( 8 "
"4 % ./ Des~ "
( ( ( ( :
% r ( * (Milner et al.,
1996, Li et al., 1996). ( + "4 + %
*( , " 1% " 3 ( 2
" %( % ( ! (Milner,
Weitzer et al. 1996; Capetanaki, Milner et al. 9007260  10).
( Des’” " + :
" " " " " %( 3+
, " % ( % % ( ! )
: !
* i + % " " +
" " " 3 (Milner, Taffet
et al. 1999; Capetanaki 20001 + % * % ( (
( % + 4 " 3 24% 3
% % , 3" 3 , * %
% + ( (
| Des”” ( + )
(. &% % % + (2 - |
%  Des” 4 % + % "o
+" +" 3 " , + 0 + O "
% % % , %( 8

(Milner, Taffet et al. 1999))

12



%
.9 %

%

%

[1] %
+ + I
( Des”” % ( *
%( 8 n
* +
+ % + %
%* 1] ' "

(Weisleder, Soumaka et al. 2004).

+
n 2
+ n
%
%
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10. % # 3

e 3.( * (

" " ()1 * Masson! + ( ) (
* % + % Des™ " (B ),
(? ) 1
" % *% Des™ + "4
( : 2" 4
* 1% " ¢ ) +"4
() " , *0f % "
2" 1% " (.



4 3 3 ( ( (Milner, Weitzer et al.
1996).

5.10.6. )3 3 # 3
(% ( *% %
* , % ( 2" " : ("
" (Rappaport, Oliviero et al. 1998). ( Des””
3 ( " "4 : + " :
" ( * 2 (Capetanaki 2002). %
: 8
(subsarcolemmal) * *( , % (
N
, ( N (
"8 " L% ( +" % *
" .. % ADP- ( 3 %
Km  ADP " ( % 4 "
: 43 + “(
(adenine nucleotide translocator, ANY) (
(Milner, Mavroidis et al. 2000).& % * (" *
" " + 3 "
: ( ( (
( ( %
+ " S G
) (Voltage Dependent, Anion Channel, VDAC) (:
+" + I !
% (Szabadkai, Bianchi et al. 2008)4"
(: ANT * % (
ADP %  %( %* ( c, o (% % "
)" * "
( (: . % *
% 8 +" ( * +" 8
" % + (: BCL-2
Des’™ ( % 9) (Weisleder, Taffet et al. 2004). BCL-2 "
( (: "o " o
* --( "4 " "
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11. - - BCL-2 : Des’™

) 1o+ % " WT (), Des™(B)  bcl-
2Des™™ (). " * (" |/ 3" (?)
*("  Masson (), % bcl-2Des”~ " 4 (
+ "( bcl-2Des’™ " Des’.
) " " % bcl-2Des”™ " @) ™
L ( ( Des’ (- ) (Weisleder,

Taffet et al. 2004).
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6.1 3
S : (
“( (2 ( ( LG (28
) (26 " ) (: ( " (%3 !
;o) 4% ( 4 (2 :
"4 + * "( 10
nm, % - % * 4% + "
(Moll, Franke et al. 1982; Fuchs 1995; SchweizepwBen et al. 2006).
& ( ( (O "
P * v !
(: 2 " ( ( ( &" 1).
& % + %
" ( (Schweizer, Bowden et al. 2006),
( % ./ " , 54 "
+( " + 4
% % ./ : (
, * 37 o,
+ 17 " : : "
( 9-28 " ( 1-8 71-80
(Schweizer, Bowden et al. 2006).
+ * *("4 " % %
(: ( "( (Coulombe and Omary 2002; Pan, Hobbs et al. 2013).
* o+ 4 "( * g
*( ( - :
! * " " " 9%
( ( " % ( (2 (
( "( ( % 7. & * % (%
- , + ,
4 - (Herrmann, Strelkov et al. 2009).
* * % % ( ,
o +H+ ( 4 ,
" 4 3 (
+ (Coulombe and Omary 2002). , %
"o " + " (
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(Omary, Ku et al. 1998) ! 2
(Herrmann, Strelkov et al. 2009).

6.2 - -
% % ( " "
4 % "
+ " (Coulombe and Omary 2002).
! ! " + 4 " 5/
14 ( 5/ 14), ! !
+ 4 1/ 10.. " + 4 "( (% ! )
" "( (+3 , ) (simple epithelial
keratins, SEKS) ! 7, 8, 18, 19, 20 23.9 %
* " 3 + ( , % ( +
( ( (% ( 7 19
0p* ) * [
( "ok + ).
, ( |
% * " %+ :
( (s %
% + ( " % *
* " ( ( 2 ) %+
(Toivola, Tao et al. 2005).
6.3 !- -
: o C ) (
% " 8 18 (Ku, Toivola et al. 2004%&
+ 4 " + " 7, 19 20, ( %
( + ("
( " o ( ()
+ 4 % 8 18 (Ku, Strnad et al. 2007Y). " :
4 % + 3
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% + "
* 11 +" * 23 *
% + (% ( + 4 %
% * " (Omary, Ku et al. 2009). 8
81" " 8 (
' , % + 4 "“( 7 19
* ( ( “( ! !
: " ( 18 191"
! ! - "
(Moll, Divo et al. 2008). H 20 4 ( +
: %
: P ( ( Merkel
(Moll, Divo et al. 2008). + "4 + 4
Il , 4" 8, 18 19 (Zhong, Zhou et al. 2004).
4 ( (
" L% (
8 : 8 18 "4
" ( : 7 191" “(
% ! (Toivola, Baribault et al. 2000).
3 % " + %
* “( ( (2
( + % % * % (Fradette, Germain et
al. 1998),
(: " % |, ( + ( 19
20 % ! | % ( (
, * %
% ( (Zhong, Zhou et al. 2004).
4 +" % ,
- + , " "
4 % % + !
! : + (
" + ( (%
( * % "( (Lu, Hesse
et al. 2005). : P ! + 4 7, 14 19,
" % * (Omary, Ku et al.
2002)./ I % +%, " P * + 4 :

(Moll, Hage et al. 1991).
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& % + ( * g

! : e ( % , %
+ % + " . , de novo
+ 7 % I % 19, 4 *
Il (Ku, Strnad et al. 2007). *% Il (
+ , * " 3 de novo + ( 7, 17 19 % (
( ( "( % ( (Moll, Hage et al. 1991).
4 %* % % + ( ,
" + -+ .
, 3 ++ ( ( " " Il
3 % (Ku, Strnad et al.
2007) “goblet” (Zhou, Cadrin et al. 2006). %
, * ( 3 ( 3+
+ " " *
8 18 , (% % + *
% * " (Ku, Strnad et al. 2007]. , +
( % ! * " (Cadrin,
Hovington et al. 2000), ! (Zhong, Zhou et al. 2004)
' ( "4 %
( 8 18 " ( * ( (primary biliary
cirrhosis, PBC) (Fickert, Trauner et al. 2003). , ! "
% ( 8 18,% ( A549
% * % (Jaitovich, Mehta et al.
2008), "3 % I in vivo ( (
% +
Il : : 8, 18 19"
% " , "
" ( (Zhong and Omary 2004).
* "3 + " 3 (
( “( " ( (" ( ! %
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- 3 %
+ + , 4
: 8 19 * " (
+ 4 * " , % "4
?- 1-4 ( 2 " % :
+ 18 "4 ! ( !
16 3+ "4 (Ursitti, Lee et al. 2004). " 19
« " : " 8 19
* (fast-twitch)
% % 3 (
( ( Y 3 (
2 ' (Stone, O'Neill et al. 20079 % (
+ ( 8/ 19 * " %
' : % ! % " 3 (
" + 4 4 8/ 18. ,
" + " 4
(posterior polymorphous corneal dystrophy, PPCD) 4 !
* + "( ( K7 K19 ( K8 K18
(Cockerham, Laver et al. 2002).% % + (
" ( " " %
% % + %
+ ( A "
( % + / ( :
2 ( “( ( ( * H
+ 4 8/ 18, " * + " (Jahn, Kreuzer
et al. 1993).) + "
% (: 3( " %
(Moon, Yau et al. 2008). % 8/ 18 " ++
3" % , % ( " "
% Il (Omary, Ku et al. 2006), % (
% ( (" ( :
"( (Bar, Bea et al. 2001)! + : , ( "2
( "( + + 4 8, 18 19
(Bar, Bea et al. 2001), " % * "4
+ " (Bader, Jahn et al. 1988).
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/ % ( * % *
* ( ( " 2 ">
" & , 3 ., %" " + Il
" " %
!
* 3 , % ,
% ( . " % * 4%
+ (2 (Kim and Coulombe 2007; Toivola,
Strnad et al. 2010)
. + + ( % %
( LA ( " 3 %
' 13 ( % ( , " "
% ! +% ( + ,
P * , 3 , 3 (
! . 3 ( *
! " * "4 (McLean and Moore
2011; Pan, Hobbs et al. 2013). *"4
* " % %
" W % om (
& % *
* ( 4(
T o + " * n 0%
« co " ( (o 3
( 3( i + 4
M+ (Simpson, Patel et al. 2011). % (
3( ( (
* *4 % +
4 " M+ (Pan, Hobbs et al. 2013).
6.5.1 % (
) " 3 ( * %
" " 3

(McLean and Moore 2011; Pan, Hobbs et al. 2013).
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+ % (epidermolysis bullosa simplex, EBS)

( (epidermolytic hyperkeratosis, EHK)
% 3 K5/K14
K1/K10, 4 " " + 4 !
! ! " , "* : * "4 %
% ( ( %
+ % " (McLean and Moore 2011; Pan, Hobbs et al.
2013).
+ * + % EBS, *
+ 4 % 14 3
8 (Coulombe, Hutton et al. 1991) " 8 14 (Lloyd,
Yu et al. 1995) 5 (Peters, Kirfel et al. 20018. % , "
+ 4 " (: 10 8 % (Porter,
Leitgeb et al. 1996), 10 3 R154C (Arin, Longley et al. 2001),
4 I 4
(
/ " ( : " 10
% % ( 4 ( :
%* + " " " (Reichelt, Bussow et al.
2001). + % *"4 , ¥ : ( (
(2 5 14 % 1, +
! ! " (
8 10 (Reichelt, Bussow et al. 2001)° % + "4
8 4 ( " 8 ( 10 1
+ "4 + % % ( ( Il
% ( ( !
! L+ % ( 8 ( 10 1
"4 8 * (
% % ( % ( ( (
+ % % 3
+ "4 " " , *"4 " ! (
- * ( (McLean and Moore 2011;
Coulombe and Lee 2012). % ( ( , % (
% - % " (Lee and Coulombe
2009), " ( ( )
( 3( o ), % ( F-"
(" (Simpson, Patel et al. 2011), " % %
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( + ( 3 %
* ;! %
% " ( ( ( exvivo
(« * * (Pan, Hobbs et al. 2013).
3. 3 . % o "(
( v ("
! * S (
% (Jonkman, Pasmooij et al. 2005). ( %
* % " : %
( ( ( ( : "
* % (Godsel, Hsieh et
al. 2005).
6.5.2 3 )
& | 4 " % % " (
, % % , %(
(" 5 "
" " ( % , %
" A *
+ . , ,
! % " " 3" (
3 ( & * 3 "3 ( 8
18, + ++ , "
" 3
! , 3 ( * (Pan, Hobbs et al. 2013).
1 % + 3 ( , % ++ ( ,
" 4 "( (O-linked N-acetylglucosamine, O-
GIcNAc) 3 " 30/31/49 18, * "
( (Ku, Toivola et al. 2010)& , *
" , " + 4 18
S30/31/49A (" " 4 (" " O-GIcNAc)
" ( 3 % %
4 " , PUGNAC (1, 5- 3 % ), Fas (Ku,
Toivola et al. 2010)./ " ( %
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" - 4 18
% ( Akt PKC ( ,
% % ( (
*
6.5.3
% % ( « "
( LG " "
» S T G ( (:
(Suozzi, Wu et al. 2012), % +
( " -3, " (: 3(
+ (Wilhelmsen, Litiens et al. 2005), + *
% % % ( (
(Dupin, Sakamoto et al. 2011). +(" ( ,
* + ! -3 8 -4 (zebrafish)
( ( "( (Postel, Ketema et al.
2011)
Lee (Lee, Kim et al. 2012) !
% " % %
" % 8 " 2
5 14." % 4 +
(. ) %
" * "
" 3 (% ,( *
x g - * x g
" * 6, % % + '
* 367 14. % % + " "
* ( ! (
, % ( ! ( (
4 *
+ " (Lee, Kim et al. 2012). %
" 14 * 4% "
; ! 10.
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8 1/ 10 ™ * ( ( !
" , 4" ( ' : IC
Sun-1, * + % % + "
(Wallace, Roberts-Thompson et al. 2012). * 4 * (
% % " " ( ,%(
P " (Butin-Israeli, Adam et al. 2012),
" ( ( ( "
+ % + " *
+
6.6 "# '
6.6.1 "# 8/ 18 )
' " "( *% o, * 3 %
4 " " " ( O
(: : + *
* " (Omary, Ku et al. 2009; Pan, Hobbs et al. 2013).
! " % % % ( (Pan, Hobbs et
al. 2013), % . %* (2
(Omary, Ku et al. 2009; Toivola, Strnad et al. @01
Coulombe and Lee 2012; Pan, Hobbs et al. 2013) + (Kim,
Lee et al. 2010).
4 8 18, 3 %( ( ( 4 :
" ’ " " + 4
! ( ( (Oshima, Howe et al. 1983),
" ( % (Moll, Franke et al. 1982; Quinlan,
Cohlberg et al. 1984) ' % % % !
" * x * *
" . + '
* " " ( " , * " (
: %
% : %* (2 "“( :
+ (2 % " (Omary, Ku et al. 2009; Toivola,
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Strnad et al. 2010; Coulombe and Lee 2012; Pan,bslali al. 2013; Kim and
Coulombe 2007).

/ : "4 % 4
8/ 18 * "4
% , " : * % % %
(: ( (.1 8
8 / 18 3 ( + " %
% ( " % TNF ( Fas) (Caulin,
Ware et al. 2000; Gilbert, Loranger et al. 2001), " * %
TNF * " 17, *
8 (: (Tong and Coulombe 2006).
& " * " * " " (
(% ( ( *(
% % % % : : 8 *
"4 %* * Fas ! (Gilbert,
Loranger et al. 2001), 18 ( "4 % TRADD (
* TNFR1 ! : " " " 3
(Inada, Izawa et al. 2001). 18
* " ( "4 % % :
( c-FLIP
(Gilbert, Loranger et al. 2004).
) % 4 8/ 18
"4 % % ( ( *( .
* % % % * ! (
" ( ) (c % DNA *
(Death Effector Domain-containing DNA
binding protein, DEDD) - 3 "
% ( : % "
( *( "
3 % *% (Lee, Schickling et al. 2002)& %
( 9 * " "
(Dinsdale, Lee et al. 2004). % "
" ( DEDD * "4 , " +
% ( ( - -
3, (% " : " " "
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(Dinsdale, Lee et al. 2004).

0 "4 ( : +
DEDD % " " : "4
" 3 (Lee, Schickling et al. 2002). ( :
% DEDD " 8/ 18 * "4
3 " % ( ( ( (Schutte, Henfling
et al. 2006). , % ( ( % "
8/ 18 ( elF3k, % ( ( 3 %
( %* * "4 ! (Lin, Chen et
al. 2008).' "4 % " “( 8/ 18
" ( ,
( +% ( ( (2
( *
6.6.2 " - -
8/ 18! "4
(: % -+ % (
H+ ( A ( (2 ( "(
P * + " : " "
( (2 (Omary, Ku et al. 1998).*
% % (  ++ !
Ser23/Ser73/Ser431 8 Ser33/Ser52 18 (Omary, Ku et al.
1998), +(+ ( ( 8/ 18 * "4 3 %
! *% % (Toivola et al., 2004; Zatloukal et al., 2004).
% : " ( 8/ 18 "4
' % % % ++ ( (Omary, Ku et al. 1998)
(Omary, Ku et al. 2009).
* " ( +(+ ( 8/ 18 "4 " %
( ( "« : "’
(: , % ( 14-3-3 ( : :
4( ( (2 (Coulombe and Omary 2002). ,
+H+ 18 " 52 " " ( % ,
% % ( "4 %
( ( "( (Ku and Omary 1994Y. (
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% o " 4

+ ( 8/ 18 " " +(+ :
% % % ( ( "( % !! (Omary, Ku et
al. 2006), " ( % (
(" ( ( " " "( (Bar, Bea et al.
2001).
) % « % +(+ ( » " %
Ku Omary, " % 8 ("4 - |
3 ( ! +H+ %
( % : "4 % %
% I % + (Ku and Omary
2006). ) + % " 8 %
++ ( * % ( % Fas
( (Ku and Omary 2006).
% +(+ , 8 8 !
4 "( .- % $- 4" (O-GIcNAC) "
" (Chou, Smith et al. 1992)/ % + " (
4 "( 8 " % % % Il
" H(+ ! (
* "4 "( (Ku, Toivola et al. 2010).
6.7 ) ) (
% ( ! 3 "
* 3" ( % ( o (
( ( ( ( (
(Baribault, Penner et al. 1994). % ( 8
% ( 18/ 19 * 3 "3 %
! 3 4 "
+ ! " (Jaquemar, Kupriyanov et al. 2003).
1 %* % % % + " ,
8 % * *(% ( 15
"% ( ,
Ktyll’ (Vijayaraj, Kroger et al. 2009). 8
+% ! : ! 9.5 (
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+"), " "o "( + o, (o
( : % * "4
! + ( GLUT-1
GLUT-3, 3 % 1, %
MTORC1 ( (2 % (Vijayaraj, Kroger
et al. 2009). . Kyll! 1 4 %
3 ( ( ( .+ %
" % +" ! *
, 4" * , ¥ 4%
( “( ( +1
3" +
"( 3
! ! (Kroger, Vijayaraj et al. 2011).
! : %
* o 1M %+
% * % Xenopus+
4 * I %
(Weber, Bjerke et al. 2012)& ( 3*
( ( ( I
" % " % 3
+ %4 * : * + :
+ ( ( (
( " ( , ! %
* * " " + XCK1 (hK8).)
(: ! : % *
3* 4 ( %
"X : " xCK1 "
! % 3* (
( | ’ 4 * *
" in vivo. (
( (. " * 6,
! ( (2 * "4
% ( ( 4( .
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6.8 -

6.8.1 5 3 (KAE) 3 - :
3
: ( M % + :
% ( ) o
* " (- 3
+ "( (Linder 2007).. " "
% " (tissue polypeptide antigen, TPA),
"3 (K8, K18 K19, % % " (tissue
polypeptide—specific antigen, TPS), " % 18,
" 21-1 (CYFRA 21-1), " % 19 2%
(% 18 % , " + "4 " Asp397
("4 % "( M30 (Leers, Kolgen et al. 1999).
O TPA * % " « " "
% ( + "( : ! :
* : : %* ( (Barak, Goike et al.
2004)." ' PS CYFRA 21-1~* * "
" O :
* ( TPA, TPS CYFRA 21-1 "
% " + " : *
+ % ( ( : ,
3+ "( " TPS % 3 "
* " "4 % " :
! , 3 ! TPS ™ % :
: ( T 3
(Duffy 2006).
& % * + " TPA, TPS  CYFRA
" (Nisman, Lafair et al. 1998p % ,
* ( 3"
% + % ( 8 ( %
, % ( 8 " CYFRA
"( "( (Nakayama, Satoh et al. 2003)
8 ! TPS + * (Gonzalez-Quintela,

Garcia et al. 2006)." "
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% " * "4 ,%( * + " ,
" " 130, " " *0o " "
" + " 3
, ¥ * o % " C (HCV), %
( Il (Bantel, Lugering et al. 2004). *
* " %! 8 % " " HCV
(Volkmann, Cornberg et al. 2006y + " ( % ' %
% * % Il
(nonalcoholic steatohepatitis) (Wieckowska, Zeinak 2006)
* % " ( 0 I "
Il * "4 * % % % % "
(HBV) (Papatheodoridis, Hadziyannis et al. 2008).

, * % 130 % ! o
* (% %
* % % . 9% |
% ! " %

(% ) + *
*( % ( 2% ( " 18 % % (
% ( (Kramer, Erdal et al. 2004). 18 " « "
2 " * : % ( ( + % (
( % (% " 18 %
(Tao, Li et al. 2008)% ( " 19 (Tao, Li et al. 2008)
20, " "o 3

6.8.2

% (2 % " , % ( +
* % +" + ( * P "
* ( ) %( ™ 3 % B
% ( * 4% " "(
I "4 (Karantza 2011)9 % % "
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( ( ! ! (
) " *% " %
* "4 % ( 17, " % +
(Grachtchouk, Mo et al. 2000}. " 8 17
% ( 4 " ( :
" % Gli2 (Depianto, Kerns et al. 2010). % ,
8 17 % (
% Th1/Th17 Th2 % i , 17!
+ * % ( 3 (Lo, Yu et al. 2010)
* ! !
" , % ( CxCI5, CxCI9, CxCI10 CxCl11
3 % % (Depianto, Kerns et al. 2010).
+ ( 8 5 *"4
* : (  Ccl2, Ccl19, Ccl20,
* "4 "3 ( ( Langerhans "
" + * 9% 8 % % (
, % ( % (
% ( " %+ " ( (
" + (single nucleotide
polymorphisms, SNPSs) * 5
3 " 3 ! !
" (Depianto, Kerns et al. 2010).
" " % %
% . 5¢( "
% , * + +H(+ *" (sphingosylphosphorylcholine,
SPC), ! % " M 8 " " "
( : " 3
( ( : +H+
18 " 52 8 431, ( %
3 (Beil, Micoulet et al.
2003). 1 ( -2 ( (2
% ( % % (NK ERK) %+ "k (
+(+ 8 " 431, (
( ( ( "« *
( ( (Park, Lee et al. 2012).
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9% ( " (

( ! % , + (
"( S73 S431 ( SshRNA
8, *"4 3 %
(Alam, Gangadaran et al. 2011). +(" %
%( + %
* , ‘4 %
+ % ( + (
" (
6.8.3 " )
1 3 " ( (: ( (
L , % % 80

% (Omary, Ku et al. 2009; Toivola, Boor et al. 2015)
“Human Intermediate Filament Database”; http://wimterfil.org/index.php.

+ 4 " %
« . " * +% ( (
( , +" " (*% % - %*
3 " KRT8 KRT18 KRT19 ( K8, K18
Kig9 " * ./ " , " * "4
3 " KRT7 KRT20 KRT23 * + " (
" _— " , "
* % C " Mallory-Denk (Mallory-Denk bodies, MDBs), "
" " + % 04
%( + ( : * (
" «C Co W
* ( " % ( ' " " *
o % % (
6.831 % " "
1 3 " ( "
+ ( : % 4
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"4 % % + ( ( %
12) (Omary, Ku et al. 2009; Toivola, Boor et al.18) & : 3
" ( " 0/ i
* % ( " ;% (" " ( (
3( KRT5 KRT14 " +
% (epidermolysis bullosa simplex, EBS) (Coulomberriseet al. 2009).
: 3 " ( 8 18
: . % " %
x4 SR G- TG
" ( 3( * ! (rod), %
3 % (Coulombe, Kerns et
al. 2009; Toivola, Boor et al. 2015).
) ¥ ( ( 3" % %
"4 % % v " (
* % % ( KRTS8 KRT18 + "4
% I % " % (
(Ku, Strnad et al. 2007). 3 " %
% 2.6+ % " % ( 10-
19 ( (Ku, Strnad et al. 2007).
) ¥ ( ( + %
" % " ,

(inflammatory bowel disease, IBD)

( ( 8/ 18
% (Tao, Strnad et al. 200 %
8 " IBD,
"( IBD, 3 ¢ * (Tao, Strnad et al.
2007). ( : * *
" ! ( %
% (Schneider, Lamb et al. 2006)
(Omary, Ku et al. 2009). 19, * 3 3
* "4 IBD (Tao, Strnad et al. 2007),
(! "( * 0* ( (primary biliary cirrhosis, PBC)'
* "4 19, % (
18 (Zhong, Strnad et al. 2009).
) ( 3( ( 18 (2 %
o ( 3 8 I" *
+ , ! (rod) " , 3
18 * P "( ! " % *
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* 8.) 8 %
% R341H (Ku, Strnad et al. 200%).
% 3 8 "4 %
4( , % " ( R341H " "
" ( % " ( 3
+ "4 % (Ku, Lim et al.
2005).
* + " + *0p +
3( 8 18 + *
+ 3 K8 Y54H
G434S. , 21%( + - ( "t 0
, 0.4 % ( (Ku, Lim et al.
2005). ( , K8 Y54H 3 ! 24 % (  +
0.1% ( : "4 +
* + .1 3 *
*% ( 3( K8 R341H G434Ss "(
( " " " CpG, "%
3 "( (Omary, Ku et al. 2009).
+ "4 (% %
% -4 " " ( “(
% 3
+ % , % I
, K8 G62C * 1.3 % ( %
)& 09 % ( + 1.6% (
, 15 % ( + (Ku, Strnad et al.
2007).9 % , + 8 3 G62C "
Il
% 3 ( + %
+ , ! % "
(" % % ! : : * %
% % 1% —-2% % ( 3( (
" % " , 4(
% in vitro ( , "
( ( % o+
%* 8 %
*% 3 +
%
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" (

* " + % * *x " (
* " HCV
o, 3 |
(Strnad, Lienau et al. 2006). *
3 "( "4
3 R90C 18, "
" % "

(Strnad, Tao et al. 2008).

Pseudofolliculttis barbae
K75

Chronic liver disease,
Acute liver failure
K8, K18

I
Primary biliary cirrhosis
K8, K19

i 7 Inflammatory bowel disease
{9 K8

Cumsnt Opinicen in Coll Bickogy
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12. # 9

(
3 4
+ (
*% / * 4
% ( * *
"( 4 +%
¢ +% . %
2015).
6.9 % ) 93)
3
)
8 (knockout) * *
" ( in vivo *
8+ ( ( * "4
( (Ku, Strnad et al. 2007).
8 8
4
% (Baribault, Price et al. 1993),
8
( ( 4 (
+ "4 ! % %
4 + 4(

(Baribault, Penner et al. 1994)

& % ! 8

+ % , % " +

* " ! %
18 % % %! , % (
19 (Magin, Schroder et al. 1998).

50 %.
+ "4 + %

%

II( +%
% (Toivola, Boor et al.

% %! C57BL/6,
90 % !

% %!

FVB
% %! "

8 8 18
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(Loranger, Duclos et al. 1997)

8 18 4 3
%

( % (
( (Oshima 2002).
) 3 3 (
% " + 4 18,
R9O0C 3 (Ku, Michie et al. 1995).
4 * % " ( (
( (Ku, Michie et al. 1995), %
Il ) * "
3( KRT18 KRT8 %
(Ku, Gish et al. 2001p ( * + , (*% %
4 % 3 KRT8 KRT18 % 8
181! + : ! :
3 : 8 8 (
S S G G 8 (),
" 18 R90C 3 « " "
3 8 ()
Il (Toivola, Baribault et al. 2000). % %
* "4 ( Regll (regenerating islet-derived 1),
" % % " 8 8
* g +
: * % %
+ 8 " " % * "4 8
" + " " 3 , % ( +" %
+ 4 8 18 +
/ : + +% ( % +
8 + ( * "4 3 % ( * + " %
+ " - 18 " " (
+ 20 (Zhou, Toivola et al. 2003).1
* ! % % +
3 " (
, + " 8 +
3 G62C " : "
( ( % ( Il (Ku and
Omary 2006). * 4% " % +( % (
3 ++ 8 %
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" 74 (Ku and Omary 2006) "( "

+ 4 K8 S74A,
4 "+ % " 3 8 G62C (Ku and
Omary 2006).
) % % +H(+ ( "
( ( % "4 " % 3
Il " + 4 8
S53A, % ++ ( (Ku, Michie et al. 1998).
: " + 4 %
S34A K18, " +(+ "( " 34 "t
18 " (: 14-3-3, "4
+ ( 14-3-3 (2 % %
% " " ( (Ku,
Michie et al. 2002).
I :
* ( 3( (
% % ( % %
* PR
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[ .&./

) 1] | *
% % ! *
! +
/ *
TNF- O0*
8 ( * !
% % |, : !
( ( + %
% , * in vivo ( , In vitro
( n
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11 % )
/ * )

“Mus musculus ' * " " -
+ TNF- “MHCSTNF "(Li, Moody et al. 2000)

( + ( “TnfVhe ) % % (

C57BL/6. " ( Tnf""Des™ ( % % (

C57BL6/129SV) *0f % @ *

( ( MHCSTNF Des’™ (Des’~ % % ( 129SV)

(Milner, Weitzer et al. 1996).

" * " 8 " Krt18 (Krt187~

. “Krtl8tm1Tmm/J”, % % ( MF1/129SV/FVB)(Magin,
Schroder et al. 1998) % " “Jackson Laboratories”. " Krt187
* " (  TnfY"Des™Krt187, Des'Krt18",
Tnf""Krt187~ * %0/ % * .5

* " Tnfhe 4 (" oo
Tnf"%3Mm ( * *0/
% * (  MHCsTNF “9B-3M" ( % % (

C57BL/6)(Brown, McGuinness et al. 2005).

IKKMWHC % +" " ( (Maier, Schips et al.
2012).& , " IKK/NF-
* % “tet-off”, "
+ 4 trans- ! (tetracycline transactivator,
tTA) % - " " (Myhe6)
- + " + " ( %
" , tTTA-responsive) *% + +
IKK2 (IKK2-CA). 1 " " % % (
, o+ " " " (
" IKK/NF- , + "

" % % % (

! " " (Myhe ¢ +"
% (Molkentin, Lu et al. 1998). " 8 -
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(: “muscle LIM protein” Csrp3") * " +"
% (Arber, Hunter et al. 1997).

-- v ( %4(
+( " " %4((
% : " " + (
Federation of European Laboratory Animal Sciencesofmtions (FELASA)
Association for Assessment and Accreditation of dralbry Animal Care

(AAALAC). " * + (
%A4( (
1.2 ) ' )
121 " -( (TAC)
6 WT Krt1g/~ "
11 ( "+3 ,
+ 8/ 18
. ! "
3 * & " . (Mouse

Cardiovascular Phenotyping Core of Cardiovasculavisidpn of Washington
University School of Medicine

, " 4- WT  Krtl8~ (n=7 n=38
" "ok 3 ( ( , % %! 129SV
129SV/ % % %! : "o )
2 " (100 mg / kg) 3 4" (10 mg / kg).)
* | * ( *
" % *
4 3" *
& 3 ( "( "
) % r b 3(%



7-0) ( % (0 %1%

(27 gauge)) ! % * + " *( " ( %
" S " S
% + " 4 3
% ! )
* % * * TAC,
3 % * " (
* <83mm/ % * TAC). / *
" ( 1 -Mode
* 4
: " , N (
8/ 18 : % % Ll (' Cc Ml
R G 3 % ( (
TAC.
122 " # ")
+ ( 8/ 18 , %
% Il * " % Cc M
R
/ s " " @)
4 | % "( %
*% + " " (LAD ), * " (8-
0).
2 %
/ I
, %* *
+ " ( ( 4(
+ ( 8 18 %
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21 %

' % " %
* % * 9 * % |
(0.c.s.c)/ : " 9 " %
* 10 : % " 41
*% " / 7/3. " %
% * %
* & " 62 ! (Department of Cardiac
Surgery of the University Hospital Heidelberg, " ).
+ % %
" 3 " ( , " 26
) % ,
o " %
( , 61 ) (Cat. #: T1234138; Lot No. #: B409106,

Biochain Institute, Inc).

22 % !
+
9 % % %
' " " % ( + 9
* % % *" 10 (" %
, + % +
(
o % % ( 8 *
% 4 ./ % o+ % "
( 4 | *
( ( ( *(
+ 3 " * (
( *+(
) 9 *
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3 O#

& M-mode * +" , % ( +
(Psarras, Mavroidis et al. 2010% 3 (% ,
& 6 1 +
| "
3.1 o# - )
( (
" " 3 "
(LVEDD), (LVESD), *
" * " (PWTSs)
(PWTd). % % "
" % "
* (r/h) I *
(FS %).
3 " " 3- 6- : "ox %
( % ( % % ( 4 I ( %
&" 1. +( " + "
( % % 4 % (
* 3* %
3 * o+ 4 (
(
' ! 2 * 100 mg / kg
" . ) * + 3* *

*( (Vivid 7, General Electric Healthcare) 13-MHz %

.2D * % M-mode ! % % !
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3 " LV. %
* +" * %  Echopac PC SW 3.1.3
(General Electric Healthcare).

) "
% , + +(
* 1 %
" % "
" % * "
* (r/h) I *
" (FS %) ( 3 : (FS [%] =[(EDD _

ESD)/EDD] x 100).

I ( D) % + ( |
* "+3 + * %
& "
4 3 3 DNA
) % ( ( DNA %*
( " (PCR) "
( (
/ , * " (
% ( ( DNA.. % (4 & (2 4
* : " * %+ % (pH 7.5),
+ 5 12.000 g.) +
* " % * + % ./ * " "
% *(+ " / % " 24:1, "
+ 5 12.000 g.) + !
% *( +% / %
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1/10
% 100%.

% +

12.000 g DNA * !

+
RT,
100 |
"4 %
“(
5 %
6 3
) %(
(Invitrogen), +(
!
TRIZOL/ )

—+

% 31 3

(o

(PCR)..

%
3 %(

RNA

RNA

14.000g 10

DNA

pH52 225% ( (
+ DNA "
40C 20
3001 %  70%.'
12.000 g "4
" .
40C.) ( DNA

DNA (ng/ I) = O. 260nm x 50 x

3 ) (PCR)
( (
" ( " (
%
! !
TRIZOL
A !
TRIZOL (500 |
14000 rpm 10
! % % . !
4 70% %
50 1) *(" RN
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6.1 3 " RNA

& * " MRNA (
*%  (Real Time-PCR)
, " " " "l % RNA
+ " RNA. & *
* 3 ) +
: 260 nm + 2 3 280 nm
+ (: % ( !
I ( RNA (ng/ 1) = O. .260nm X 40 x *( o)
“Nanodrop” (Thermo Fisher Scientific Inc).. 1
“Quant-iT RNA HS assay kit” (Invitrogen) %
+(% “QubitTM fluorometer” (Invitrogen).
7 9 cDNA
cDNA * oligodT !
(primers), Invitrogen (SuperScript 1l RNase-H Reverse
Transcriptase), +( "
/ ( eppendorf 10 | % RNA
% 2 g 11 “Oligo dT primers” (500g/ml), 1 |
“dNTP mix” (10mM ) % % % % 12 | "
" 65C 5 + )
" 4 | “5x First-Strand Buffer” 2 1011 DTT.'
42C 2 min.' " 1 1 (200 units)
SuprScript Il RT, " 42C 50 min "
4 70C 15 min.
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# (Real Time PCR)

+ (
( , ( (
*( " ' ( "
% *% (RT-PCR).
( "( , * *
! MRNA % National Center for Biotecnology Information
(NCBI) % + " I L. %
% 2% PCR *
2 3 * 3 70 150! ( "
% "
) " ( mMRNAs ( G
* Platinum SYBR Green gPCR super mix UDG kit
(Invitrogen), +( ! . % ,
+ " r- " ( L ( (: L13, Rpl3
" " (
( : * % cDNA (25-100 ngy}
) " PCR " 3
8 “ABI Prism 7000” (Applied Biosystems)
Roche LightCycler 480 (Roche)+( % :

- 1: (1x)! 1:50°C 2

- 2:(1x)!  1:95°C 10

- 3(40x)!  1:95°C 15 % ,
! 2:60°C 1 %.
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*( “(

8 (Krt8)

18 (Krt18)

(Actb)

+ ( (comparative CT) *
% ( * +"  (Pfaffl 2001).

FW: 5-GGACATCGAGATCACCACCT-3}

REV: 5'- TGAAGCCAGGGCTAGTGAGT-3

8 : 155 bp

FW: 5’- CAAGTCTGCCGAAATCAGGGAC -3';

REV: 5'- TCCAAGTTGATGTTCTGGTTTT -3’

" 8 : 111 bp

FW:5- TGGCTCCTAGCACCATGA -3’;

REV: 5'- CCACCGATCCACACAGAG -3’

" 8 : 70 bp

L13 (Rpl13) FW: 5- CCTGCTGCTCTCAAGGTTGT -3;

REV: 5- GGTACTTCCACCCGACCTC -3’

" 8 : 88 bp
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DNA

+ ( *
DNA (whole genome microarrays). ! % (
3 " MIT (BioMicrocenter, MIT,1 , USA).
: % " 3 :
( PBS ( "
“RNAlater” (Ambion), ! ! +
RNA . * “Trizol”
(Invitrogen) % ( RNA, % ( +
- + 4+ om
" RNA % 3 " %
cRNA P I %
" . ! % +(
* " “Affymetrix 430 2.0 microarrays”.
9.1 - ) )3 # DNA
) I+ ( ( ( * DNA
* +% “GeneSpring GX”
(Genespring GX9 GX12.5, Agilent)."' +
" ( ( + * (cutoff filter probesets)
20 %.) % "
( ( ( " +% , !

“Unpaired t-test”  “ Benjamini-Hochberg FDR multiple testing correcti”
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( * DNA

+( ( 3 ( Tnf"Des”™  Des” *
% ! NCBI “Gene Expression Omnibus,
GEO” ( % % «GSE56286».
9.2 -) )3 -
& - ( ( ( *
DNA, o+ ( ,
, (
( C % ! + )
- (
I % ( "( (FC<2, P-value<0.05) TnfY"*Des™
Des™ ( +% “Ingenuity Pathway Analysis, IPA” (Ingenuity

Systems, Qiagen).

10 #3 (ChIP)

( Krt8 Krtl8 %*

+ ’
(" (ChIP)
%
/ % + NF- B
(  Krt8 Krt18 WT TnfY"*Des’
" .6 "( p65
NF- B (C-20, cat.# sc-372, Santa Cruz Biotechnology) + “normal
rabbit 1gG” (sc-2027, Santa Cruz Biotechnology),
o O . 1"
* " ChlIP.
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10.1

PBS

5

%8

OFF (
+%

10.2

#3 )
% " : % * (
( ( "
( PBS.. %
" 10 mm). " 1 %
30 (RT) “Link buffer”. ) "
" “Link buffer” * 0.125M
, RT).
PBS ( ( * %
, IKA Ultra Turrax T5 FU 40,000/min)
% + (2300 g, 5 , 4 °C),
“SDS lysis” 1 4°C. .
( “Dounce” (20+ ).
* " (" ! % (
( DNA 150 — 500 bp: " %
: 40% 23 ( 30 % ON/45 %
*( Sonics VCX-130)) (" *
22 % ( %4 (5 | )& "
1 mL PBS 1 mL Dilution Buffer (
( ) % % 3 mL
50 | " (-80 °C) *
“input”.
#3
*( " *
“Dynabeads Protein G” (Thermo Fisher Scientific)In *
+ " , *( "
* ( 3
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6 Im " x (" ( % % % Vol=

3 ml) " L& 2 g
6 1ml " *( 2
g ( (2 lgG." " (4 % * 4°
C +
& 4 + " +( " 1 ml
Dilution Buffer” (*(" " ( ) Protein G-Dyna
+ " ( 29 55 | + " ). 1 % "
+ (3.000 rpm, 4 OC) %
% . / eppendorfs *
" (4 2 +
4 C./ * + (3.000 rpm, 4 C) %
% .
" 2X “Low Salt Wash EF” ( "
( ), 2xX “High Salt Wash EF” ( " ( )
1x 1mL % “LiCl/detergent EF” 1x 1mL %
“TE buffer EF”. + % % % %
%, X % ( DNA
*( "
10.3 3 DNA #3
& 48 | % “Proteinase K Digestion EF” 2 |
& (2 K (10 mg/ml). / " “input DNA” (50 L *( " )
| 10% SDS 1 1&( 2 K (10 mg/ml). (4
50C 15 " (vortexing) .
" % 2 min. & 3 | 5M NacCl 0.7 130
mg/ml RNase A (4 4 (( 16 ) 65 C
% + L& 3 1&(2 K (10 mg/ml) (4 1
50 C "

118



10.4

) DNA #3

* " % DNA ! %

( RT-PCR “Platinum SYBR

Green gqPCR super mix UDG w/ROX kit” (Invitrogen).

( RT-PCR %*(
! + "ok + i
+ + * % *!
% p65 NF-B (!
% &" 3) " * + ,

“neg” (chr18:83,352,556-83,352,688)
FW: #ATGGGGCAGCCTAGTCACAGCA3#

REV: #TCACTTGTCCAGGAAGCAGCGAG3#

o * ( + (negative control,
unegn) + * * % +
% ( NF- B.

“K8R2P1” (chr15:101,835,085-101,835,197)
FW: 3tACTCAACACAGGCAAGCTAC-#

REV: ##CCACTGGTGGAGAACCTACAG-#

“K18R1P3” (chr15:101,858,467-101,858,567)
FW: 53tCACTCCCTGTGTCGGTGAGG#R

REV: 3%#GGCGCCAGGATCGGG-8
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“K18R2P2” (chr15:101,857,249-101,857,389)
FW: #TCATTCAGCAGGAGTGGTCA-3#

REV: %#CTCCCCGGGCCTTTTCTTC+#

“K8K18R2P2” (chr15:101,843,747-101,844,883)
FW: #TTGACTGCCTTGCAAACTGC-&

REV: % TCCTAGTCTGGTCCGTCTGGR

“(( ' + £ (
“July 2007 mouse genome datavs musculus; NCBI37/mm%s (
+ +% ! + “UCSC genome
browser”.

Link buffer : 100 mM NaCl, 50 mM HEPES pH 7.9, 0.5 mM EGTA, Mr&DTA.

SDS lysis 50 mM Tris-HCI pH 8.1, 10 mM EDTA pH 8, 1 % SDE%
(

Dilution Buffer: 20 mM Tris—HCI (pH 8.1), 150 mM NaCl, 2 mM EDTA (p8i0),
1% Triton X-100.

Low Salt Wash EF:0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Hepes-
KOH pH 7.9, 150 mM NacCl.

High Salt Wash EF:0.1% SDS, 1% Trtiton X-100, 2mM EDTA, 20 mM Hepes-
KOH, pH 7.9, 500 mM NaCl
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LiClI'Wash'Buffer EF: 100 mM TrisZHCI, pH 7.5, 0.5 M LIiCl, 1 NP-40, 1%
Sodium Deoxycholate.

Proteinase'K'Digestion'Buffer EF: 20 mM HEPES, pH 7.9, 1 mM EDTA, 0.5 SDS

TE/10 buffer EF: 10 mM Tris-HCI, pH 8.0, 0.1 mM EDTA.

11 ) ] 1
( Krt8 Krt18 %*
+ ]
" in vitro
+
/ % + NF- B
( Krt8 Krtl8 in vitro HEK?293.
! ( I+
(" NF- B, * ( Krt8
Krt18.
11.1 ' 3
Krt8 Krt18.
1 % rer ( +
) " * +
* 2 kb % ! 3
+ (  Krt8 Krt18 (! % 53), "( % "
+
( * ( Krt8 Krt18
( + * ) % ( % DNA % "
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WT (C57/BI6) ! (primers), *

(. ( ( * % "l
% : % % " * % 4
- - (" ( K8  Krt18
% ( % DNA * % " )
( 2kb ( Kpnl. / * "
( * % + “pGL3-Basic
luciferase” (Promega), " * " *n *

" " HSV(TK; -120 +57).

I +( + % 11 12
( 3 2kb * pGL3-Basict+

- " Krt8: -102 +1898 (chrl5:101,834,675—
101,836,675; NCBI37/mm9 assembly; ATG !" “minus”
).) 8 “Krt8luc”.

- " Krt18: -1938 +62 (chrl5:101,856,705—
101,858,705; NCBI37/mm9 assembly;, ATG !" “plus”
" ).) 8 “Krt18luc”.
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Created with SnapGene™

Kpnl

K8Luc
£993 bp
INSERTT
FRAGMENT |10t ot Flip and insert
Kpnl (5) Kpnl {7} — Kpnl (2018)
KpnI

Kpnl Kpnl

=< krts promZkb |

Krt8promKpnIfinal
2021 bp

Arnplify
1. 2001

KrtSprom FW KrtGprom REWV

1 zoo1

< krts promZkb |

Krt8prom -102 + 1898
2001 bp

" 1% 3 “K8luc”.
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Created with SnapGene™

Kpnl

T kKpnl
K18Luc
6972 bp
M
INSERT
FRAGMENT Insert at Insert
Kpnl (5) Kpnl (7} — Kpnl (1997)
Kpnl
|
Kpnl Kpnl
Krt18promKpnl
2000 bp
TKLubc: i
4982 bp mplify
PCR 22 .. 2001
|IKr‘tlE!prom F Krilgpraom REY
22 FEE
KKrt18prom -1938 +62
2001 bp
2.3 3 “K8luc”.
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11.2 3

3 3 3 Kirt8 Krt18.
11.2.1"  ( in vitro #
" ( * * 3 2-kb
* (  Krt8 Krt18, %*
B o *
3 oo
“ 2Krt8luc” “ 2Krt18luc” “Krt8luc” “Krt18luc”,

* o B “NF Bsite6” “NF Bsite8” (

“Krt8luc” “Krt18luc” " * , 8
3 + % 50, 51 53

I ( % &" 3.

' " QuickChange site-directed mutagenesis
Lightning (Agilent Technologies). % *
o “XL10-Gold ultracompetent”’ ! * Hte + %

4 3 ! % * % (

“( DNA "( DNA % " ( (ligation),
% * E. coli. * "
* (endAl) (recA).
! Pfu FusionDNA , +
" 8 "l -6+ % TaqgDNA
- " "4 4 (
* (primers).) + +"
% 183.
" (primers) * * +%
% % " %
! % % 3 "(
( ( ( ( * (
& (Polymerase Chain Reaction, PCR)
+ DNA (nicks).
1 % % PCR, 8
Dpn |, ( ( DNA."'
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% ! * DNA + , %

8 % 3 " % % DNA +
1 % "3 DNA,
* II4 % n
% DNA, % . (
+ )

MoMamhaorapdg khwvou
Tou QEpel Tig peTalhdieig

Thermal Cycles

Me
Amodopnon Tou peBulhiwpivou Tarpikol
khwvou peow g Dpnl avridpaong
o e

{Predominant product
from Step 1}

Me

Metaoynpanopog
XL10 Gold paxrnpiwv

"3 # ( 3
QuickChange Lightning Site-directed Mutagenesis.
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11.3 )3

-) - 9)
: + " + ( %
* , HEK293
(PEI) ( :
+ )
& , ¥ 24- ( ,0.1 g (
+ 05 g (
CMV-p65 control ¢ pBluescript). " , 02 ¢ +
CMV-! Gal + " - 4
* " ( ( .1 % 48
Reporter Lysis Buffer (Promega)
% +
% ( ( * o " :
% ( + (Kaltezioti, Kouroupi et al. 2010).
% - 4 I * , % (
+ (Kaltezioti, Kouroupi et al. 2010).
120
3 # !
( ( % ( (
+ ( 1% ( "0 Y ( 2 "C
( %
5( + ,
%( * +" (Rickelt, Moll et al. 2011)
(DKFZ). . " ( ( (
* --( +
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121 o

% % ( -
3 PBS. " " (
" (pH 7.2) * 50 mM KCI, 25 mM MgCI2 25 %
20 " (" (RT). %
* " , 0 |
" 2 % OsO4 ( 2 :
" % % * F( ( 05 %
3 % % % % * 4 °C. %
% , " + * %
3" " : % % Epon.
3 % (Reichert-Jung
microtome, Ultracut, Leica). * 2 % 3%
% 15 : % " % %
% % ! % % 5 min.’ % *
+ O+ " 80 kv, " EM 900 (Carl Zeiss).
122 0 3 3 # 3
( *% %
0.1M ( " (pH7.4) *1,25% B
1 RT./ * *% + 12000xg 5
4 °C 0.1 M ( " *
12.3 3 #
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% " %
% (" *
6 % :
PBS * 2%+ B 5-7 min./
* % ( PBS 0.1 %
(3-5 min) % %
"( 2 % . "(
* " , % ( ( , " anti-
Keratin 8 (Troma-I) (DSHB Developmental StudiesbiHgioma Bank, University of
lowa) anti-Desmoplakin (cat.# 65146) (Progen
Biotechnik).
1 % 3 " " ( :
" " (" * 1.4 nm (Nanogold,
Biotrend) 4 h.' " * % % !
" ( " (pH 7.2) * 25 %
B 15 RT. " : "
50 mM HEPES (pH 5.8) 200 mM %4 10 min.
/ * ! " (silver enhancement)
(Nanoprobes) 7 10 , 2 " 250 mM 2 "
50 mM Hepes (pH 5.8) 5 2
% % .
" " ! " 0.2 % 0OsO4
( 30 : " +
% pon. *
! " . % ( + ( o
% * +( o+ " 80 kv, " EM

900 (Carl Zeiss).
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13 3 )

# 3
13.1 3 # 3
" ( * --(
% ( *+( ( ) %
, 4" «
» (homogenization buffer, ). )
* (glass potter) *
*% ! Teflon 1200 rpm, 8+ : .1
1000 x g, 5 : " %
12000 x g, 10 min.
( 4 + )
+ 13000 rpm 2
min. ' ! % + " % + ,
1 ml MAITE +
13000 rpm 2 min.. * 100 |
(experimental buffer,! ). 5 !
D . (:
Bradford.

HB:0.075M %4 ,0225M ! % ,1mMEGTA, 0.1% % !
106 *(" 3 (BSA), 10 mM Tris-HCI, pH 7.4) (10 mligr ).

MAITE : 100 MM KCI, 75mM ! % ,25mM %4 , 10 mM Tris—HCI (pH
7.4), 10 mM K2HPO4, 5 mM MgCI2, 0.05 mM EDTA, 1 my/BSA, pH 7.4.

EB: 137 mM KCL, 10 mM Tris-MOPS, 2 mM KH2PO4, 20 mMGEA-TTris.
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( * (
* ( ( (
Y : ( 3 %
( *% % .

% * (: 150 g ( 300 I EB "
5 mM % -25mM % 3 .) ( 3 %

% * % “Clark” (. xytherm System,
Hansatech Instruments. ! " ( 02 + *

* 3 * "(
400 M ADP (“State-llI” + ). % 3 1 M
" (“State-IV” + ). ) + ( 3 %
* 4 + nMol O2 / sec.

HB: 0.075M %4 ,0225M ! % , ImM EGTA, 0.1 % % ! "

1% *(" 3 (BSA), 10 mM Tris-HCI, pH 7.4) (10 ml/gr ).
13.3 "
: % I *
*( " : ( *% %
, % * (: 200 ¢
50 I 1 % (w/v) sulfosalicylic acid (SSA). +
12000 x g, 4 °C * % +
12000 x g, 4 °C. " —-80 °C.
( ( % (GSx)
+ ( 01 " ( 01 %
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%) 100 | "

(reaction buffer).) %+ +(%
+ 405 nm 30 % . ( +( % :
% " GSSG.. !
( ( + :
% ( ( GSSG, 1 1 “2-

vinylpyridine plus” 26 | 0.2 M Tris (40 ). '

( 1h 4°Cc.' " GSSG % (
+ " GSx % ( (
GSSG * " % . " GSH "
( +% : GSX=GSH+2xGSSG.

% ) : 0.1 M sodium phosphate pH 7.5, 1 mM
EDTA, 0.4 mM NADPH, 0.3 mMb5,5-dithiobis-(2-nitrobenzoic acid) (DTNB)

(1 U/ml).
134 3 3
"( " | *
* ( ' %
( *% % : %
* (2 400 g.' % ( *
% ( " 100 10.1 M KOH ( NADH), 0.1 M HCI (
NAD™) % % (1:1). % 20 : "
+ 20,000 x g, 4 °C:
-80°C *
: "4 %+ +(%
360 nm ( +(% (Perkin Elmer)! " % 20 |
480 | " * 100 mM HEPES-KOH
(pH 8.0), 10mM % 3 ( NAD* ), 4 mM Na-Pyruvate (

NADH) 20 units/ml = 3
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! %+ (  Abs x mint * " !
+ " ( NADH NAD".

%) 3 : 100 |1 0.1 M KOH ( NADH), 0.1 M HCI (
NAD") % % (1:1).

% ) 3 : 100 mM HEPES-KOH (pH 8.0), 10
mM % 3 NAD* ), 4 mM Na-Pyruvate (
NADH) 20 units/ml = 3
13.5 3 P
( ( ATP  ( Y
K (
*% % : %

* ( 100 g * ,
* “ATP detection assay system
ATPlite” (PerkinElmer), +( S
ATP ! " ( (:

14 )
14.1 ) -
1 " " 3 %
I % (
(( 45 m) ! % +
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+( + * . & +
3 , * PBS
! % " * i
* + " PBS 4C.)
% formalin 10 % (Sigma, HT-50-1-
128), " * % 5 ( 16 h.1
" , ! PBS,
+ , ) *
( 3 % % (EtOH) *
3% ! * " +" ) " (
( ( " 3
- EtOH 70% (x 2), RT, 30 min
- EtOH 85% (x 2, RT, 30 min
- EtOH 95% (x 2, RT, 30 min
-  EtOH 100% (x 2, RT, 30 min
/ * + % (4 2+ 100 %3 %
(% , 20 (RT). " 3% [ +"
(1:1), 65 C 45 min.' % "4 100 % +" (x 3)
65 C (4 20 ! ) "
+" ! % *" % +"
"+ 4C.
14.2 -
+% , " "
+ * *x " *
( % "4 40-45 C.)
n +ll %,
3 % ! +" %! 3-10
*% * 5 m.. + *!
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% " +
*
RT.
14.3 - )3
+" " + "
* ' (
18 %.
. +%
C 30 +"
( * " 3%
58 C. "
* %
3
- EtOH 100 % (x 2), RT, 5 min
- EtOH 70 % (x 2), RT, 5 min
- EtOH 50 % (x 2), RT, 5 min
- EtOH 30 % (x 2), RT, 5 min
- PBS 1x, RT, 5 min
14.4 7 ( /3
* =
+( +

%

. % (

+%
3 * )
+
+
*(
65
+ n
30
%
(
( )
I+
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3 % , 3" 1 %
RT 3 % ./ * ! o+ "
+ ( P 3 % ( % 3 %
' : " % DPX, " " + "
C *(C(
145 7 Masson’s trichrome
"k % % , *(
"( * Masson's. *
(" Masson's * (Bio-Optica Milano SpA),! +
+ % 4 %
15 ) 3 3 3 #
Evans Blue
H + %( (
in vivo " * Evans Blue) *( *
* " % % " :
( ( (
6 " " 4 : "4
" 2 Evans Blue Dye (20 mg/ml PBS)
( 0.25 mg 10 g .24
% % OCT (Becton Dickinson and Company)
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8* % )

+ "4
(20 m) %
160 - ) 38
'3 )  Western
16.1 5
(2 + (
* . * " %
ac .. " +
(+% - ") 500 |
/ * " + *( Bxm® +
30 10.000g. " % % (
Bradford.
162 H - 3
(SDS-PAGE)
& +
" : P> % (
D
( 10-15 % : %
$$$ '$- (TEMED).
* " % % 2% ( %
% (DTT).) "( ( (2
95 C 5 '
SDS-PAGE,* % % +

% " !

Evans Blue Dye"
594

nm. +
+

(2
%
Potter-Elvenjem
4°C.
4°C,
(2

(SDS)
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16.3 '3 (Western Blotting)

( + ! : "
* ( (2 + : * ( ( 1
+% ( ( ( :
+ ( “( ! ( ( PVDF). )
! (4 ( % ( !
(blocking), 5% PBS-Tween-20 0,05 % 1
" (" %
/ * " "(
(: + : % * 4 C( 3
" ! ) % , BS- .. "
"4 " * ( :
( Fc *
/ "
3 , 4 " * R
roo * "( = (
Amersham Pierce +( " (
%) 5 : 10 mM Tris-HCI pH 6,8, 1% Triton X-100, 1% SDS, 2
mM EDTA, 1 mM DTT, ( (2 (Sigma P8340).
%) - (5X, Running Buffer): 15,1 g Tris base, 94 g" )
gSDS,ddHO * 11t
%) -) (Transfer buffer): 7 d-HO: 2 % 01
Western buffer 10X.
Western buffer 107: 29 gr " , 58 grTris, 3,7grSDS,d@ * 11

%) P S10x( 11):1.41 NaCl , 27 mM KCI, 100 mM N&PO,, 18 mM
KoHPO, d HO ( 1L., pH 7.4 HCI
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N G G '

% " “Santa Cruz Biotechnology Inc”:

anti-Desmin (Y-20, cat.# sc-7559)
anti-Keratin 18 (N-16, cat.# sc-31700)

% " “Progen Biotechnik”:

anti-Keratin 8 (cat.#65130)
anti-Keratin 18 (cat.# 61028 and GP-CK18)

% " “DSHB, Developmental StudiesHybridoma Bank, Unsigrof lowa”:

anti-Keratin 8 (Troma-I)

% " “Ambion, Invitrogen”:

anti-GAPDH (AM4300)

17 -
(2 + Y
(2 , + o1
% + ( % " (: 0+
* * % % (2
*0f %
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171 1

A 3 ( " (
! * PBS
( "’ : "
% “OCT” (Becton Dickinson and Company), " "
% ( (2
+ ) ( PBS
%
8 OCT * %
+ " (" "
" 4C). % OCT "
$2). ( , )
80 C * % . % OCT
3 % % " %
" -20 C.
" ( * 10-15 m
+ +% "
17.2 3
' ! " " ( -)
" ( 100 % ( %
% /130% % ) 20 -20 °C.1 % 3
PBS, 5 RT, " % ( 5% !
% !% (Bovine Serum Albumin, BSA) PBS 1
(" (RT) % P
% ( ( ( (blocking).

%
*
4
4
%
( 70 %
%
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: (4 ( ( ( (
( ( C ) '
2.5% BSA PBS+0.05% Tween-20.

16-18 , % , 3-4 RT.
/ * : % 3 PBS-0.01% Tween-20 (3 x#5
" ( ( *
) + "4 "(
* (Alexafluor-488, -555, -568, -594 and -647)
(Molecular Probes, Life Technologies Corporation) "(
BSA2,5% PBS-Tween-200.05% 1 RT.
% 3 PBS- Tween-20, 0.01% (3 ®5 " PBS (1
X 58). " * DAPI Hoechst 33382 (1:1000)
3 RT) PBS 3x 8..
% % (mounting medium, Dak Agilent), " "
+ 8 " * % :
% + , *
+II
1 ( % ( ( ( (
n ( .
% " “Santa Cruz Biotechnology Inc”:

- anti-Desmin (Y-20, cat.# sc-7559)
- anti-Dystrophin (H300, cat.# sc-15376)
- anti-Keratin 18 (N-16, cat.# sc-31700)

% " “Progen Biotechnik”:

- anti-Desmoplakin (cat.# 65146)

4°Cc
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%

%

%

%

%

anti-Plakoglobin (cat.# 65105)
anti-Desmoglein 2 (Dsg2) (cat.#61002)
anti-Vimentin (cat.# 65113)

anti-Desmin (cat.# 10519)

anti-Keratin 8 (cat.#65130)

anti-Keratin 18 (cat.# 61028 and GP-CK18)

anti-! - Catenin (cat.# 610154)
anti-N-Cadherin (cat.# 610921)

“Cell Signaling Technology”:

anti-! -Catenin (cat.# 9562)

“Sigma-Aldrich Co LLC”:

anti- -Actinin (Actn2) (cat.# A2543 and cat.# A7811)

“Zymed, Invitrogen”:

anti-Connexin 43 (cat.# 71-0700)

“ Cell Signaling ™

anti-Desmin (cat.# 4024)

“BD Transduction Laboratories, Becton Dickinsomn &ompany”:
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% " “DSHB, Developmental StudiesHybridoma Bank, Unsigrof lowa”:

- anti-Keratin 8 (Troma-I)

17.3 )
) 3 ( % ( % + ,
% % ( : TCS SP5
(Leica TCS SP Confocal Laser Scanning Microscope)3 " ( " (
3 % %
(Leica LAS-AF, Leica) " " 3 % .
+% +% Image J,
3 " ( * % ( ! *
+ :
+ o+ + " 23-24 °C + * "
8 % + * % +
" ( + , % *
% + "4 S G %
( * ( " . % Leica LAS-AF "*
% 8 % ( %* % " (
: % % % + 3
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&' -/1"
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%

%

( (
[ o
+
TnfY"Des’-
(
o

. ) TNF-

# 3 Des’™
TNF-

(  TnfY"Des”
MHCsTNF Des™) " 3 8
* ( (% 13),
Des’™ (Milner, Weitzer et al. 1996).
4 ( WT , ¥
+" 3 ( % (
* )" /3" o
Des’™ (% 13),
“( ( , +
Tnf""*Des”™ "
(WT)
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Tnf""®Des™

Tnf""°Des™
" " .1 " 1 mm.
% % *
Masson's( WT,Des”™ Tnf""Des™ ( 3 8
< ( ( » (replacement fibrosis) Tnf""®Des’
." 0 Des” x4 % * "(
( D% ( +" % 13, * %
+ (Milner, Weitzer et al. 1996)/
" « "( » (interstitial fibrosis) TnfY"Des’ :
" * % MHCSsTNF
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- )3 Des’
) - TNF- .
/ * 3 8 "(
TnfY"*Des’ Des’ , "(
( + (
% + TNF- .
( ( ( * Evans
Blue " + , x *
Des’™ (% 14) ,
TnfY"Des’™ " " "( ( * ( :
F( ( ( (
% ( 8 " , % + TNF- .

14.5 - 3 )3 Des
) - - TNF- . (
( * Evans Blue " TnfY"®Des’ Des’
4 1 " : 100 m.
% * % " " % (
8 " " % "
% + % (Psarras, Mavroidis et al. 2010). ( (



( ke
Tnf"Des”™
" N

( % 15)./ :
%+ (F4/80),
% "
(Psarras, Mavroidis et al.
4 +
% 15) * % (
21

( +
Des’, *
, +
* +
*
% + %
2010);+ "4
n ( *
Tnfpes’™

%
(Grl)

Des-/-
(% (
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15. 0 3 3

)9 TnfY"Des’ L+ % ()
+ (F4/80) () %+ (Grl)
" 21 A + 4
+ ( +% Imaris (Bitplane) (
+Ho+ "’ » % ( (
( DAPI- * ( " +% ). 1

50 m. Two-sided P-values: **<0.01 (unpaired t-test).

1.3 # ) 3  Des” )3
)9 3 - ) TNF-
( ( ( TnfY"Des’
% " .. (" (
2 " ( ( C % ( " "
Des™ " , % ( + o4 (! +
« »), | Tnf""Des™ (% 16
17).
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16.5

Des’™

TnfY"Des’~
(

)3

3 3 8 3 3 # 3 3
)9 ) TnfY"*Des™
WT, Des’™
" 3 N . ("
+ " ( N ( 2
Des’™ 1 " ‘1 m
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* (
TnfY"*Des’~
Y
* ( ,

Des’™

17.

* "( , *
% ("
4
9% "
+ " (
WT,
(% 16 17).
Tnf"Wpes’~
# )

%

(

)

Tnf""Des’™

*

TnfY"Des’™
I %

)9
3 Des”

)3
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) " WT, Des™  Tnf""®Des’™

3 . " 22 m.
14 5 3 # 3
3 Des™™ ) - TNF-
5 ( + (. ( £
* 4 (" Des’™ , "
S I ( Tnf""*Des’~ / * (
( X * (
Y ( 4 (
/ , * [ + *
( O G , % %
+( S (% 18)
( *%% ( Wt 4 +
+ " " ( *% « -»,
3 % (Scorrano, Ashiya et al. 2002), % 18),
*0% % Des”™ + "4 % * .+
! ( *% « - » o« - Ve,
3 % (Scorrano, Ashiya et al. 2002} ! % 18)
+(" + , %
! o *% % Tnf""®Des’
"4 L Des’™ 4 %
WT *%
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1 ( (
" " 3 o
Tnf""Des’ 4
( Des". 1
).
" %(
" ( * --(
( I %
* .1
*%
«Clark»
, % ( +
%
*
19),% ("
Ratio, RCR), ! +
Tnf"Des™™  *9% + "4

33 # 3 .
"( % WT, Des’™  Tnf""Des’~
n 1 *% (
( + *
" 12 m(( ), L m((
%
n [1] * "
% %
( 3 % %
3 +" * %
% ( ! % (
% « 1 ». .
( Des™ * *( 4

% ( WT * ( ( %

%  “State-lll/State-IV” (Respiratory Control

4 % 109
Ly % RCR,
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19." 3
)3 ( 1 (
" «Clark» ( *%
3 A , % ( 4
( 3 % (3 )
% 3 -5mM1 % 3,

* (! , “Mito”) % 3 min
(“State-111"). % 3 min 11
(“State-IV"). . % “State-lll/State-1V”

+ ( ).

, % ( 3

" ATP ( Y (

+ " % + 3
(% 20)./7 +( +
3 +" : ( *0o %
* ! ATP (
% ( ( *
% Gy) | “(

3 % *
%

* 5mM
150 g ( (
400 M ADP
(! , “Oligo”)
4

( *
%

Des™ + "4

% , % (
3 ( +
(NAD))( % 20).
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# 3 . ¥ ( ( ATP 3 (
( ( *0p % " 3
/ 4 ( ( ATP ( )
% (GSH) 3 ( (GSSG) + %
( ) + ( “( "
(NADH) ( " ( 3 ). Two-sided P-values: *<0.05,

**<(0.01, ***<0.001 (one way ANOVA, Bonferroni-Dunpost-hoc test).

15 o - TNF- - 3
Des™ )
1( I (M-Mode 2D-Directed echocardiography)
" ( ( WT, Des’~, MHCsTNF
( ( “TnfY®)  TnfY"pes’ " 3 6
L | *
" (Fractional Shortening, FS %) Tnf""Des™~ "
Des’™ B3 6
Yl (% &" 1 4
x4 . % % (
(
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21.0 3 Tnf"W"Des’™ )
3 ' MHCSTNF Des™ ()& %
I* " (Fractional Shortening,
FS %) ! 3 6 ( * +" . Two-
sided P-value: **<0.01, ***<0.001, ****<0.0001 (orveay ANOVA, Bonferroni-

Dunn post-hoc test). | ( % * + (
* o4 (M-Mode 2D-Directed).
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16 0 ) 3 #3)3

TNF- Des™ Des™
: R (M-Mode 2D-Directed
echocardiography) 3 "(
TnfY"Des’”™ " Des™. . * +
(Left
Ventricular End Diastolic Diameter, LVESD)
" (Left Ventricular End Diastolic Diameter, LVEDD} "4
( TnfY"Des’ Des’™
3 (% 39 /| (% &" 1).
2 0 0 ' 3
# -
- TNF- .
21 0 ) 3 Tnf""®pes’
MHCSsTNF
) TnfY"Des™ 1 HCSTNF " Ly
+ " " %
- + TNF- , % %! 8
( * + ( (2D-Directed M-Mode
echocardiography) Fy(
I * " (FS %)
Tnf""Des’ 1 HCSTNF (37.69 32.62,
*  )(P-value<0.01) " " 3 «¢ .7 "o*
" 6 , + % FS " %
(35.73 2792, " * ) (P-value<0.001)(% 21
I ( % &" 1).
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22 5 3 Tnf"W"Des” )3 )9

- ) - ) ) # )
&( 2 ( % ¢ "(C ,%( " ( ( (
- ( ( % (adherens junction) + "4
% % " % * *
% 1% " ( 1 HCsTNF
(Panagopoulou, Davos et al. 2008).
( +
% % ( ( (2 ( % ( " !

( % " ( Tnt""Des” + 4
o : 1 HCSTNF.. (2
- "4 + 1% " ,
(  TnfY"Des’~ " 1 HCSTNF ( %  33).°

e (2 ( 1% ( " %( "
N- * " (N-cadherin)( %  33).

(2 " ( Tnf""Des"
4 * ( 1% ( " ( +
% " ( % ( "( (% 22).
22. 0 )9 -
3 Tnf"W"Des” )3 C )
* * " ( )
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TnfY"Des’™ " 3 o1

500 nm (,, ),200nm (, 3 ),200nmY{),1 m().
3 0 - ) TNF- )
)3 3 # 9
' )
1 N ( x * DNA,
+ % + 3 (
MHCsTNF WT
: + + "4
% 23./ , 1285 " + "4 +
" + ( % 23) (Fold change, FE 2, P-value < 0.05),
MHCsTNF * WT " v &" 2 + "
+ +
1 - ( ( ( * DNA, ™ (
(" + 1 :
( %
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163

23. - 3
MHCSTNF WT * DNA
" ! ( (
+ , ( MHCsSTNF wT " "
3 A " % 4
( " * +
+ (Fold Change, FC). Unpaired t-test, ( % % P-value
% ( ! Benjamini-Hochberg
% -) MHCSTNF
- wWT + =
481,2808 + Gsta2 glutathione S-transferase, algiva2)
angiogenin, ribonuclease, RNase A
122,1463 + Ang family, 5
Gstal //l | glutathione S-transferase, alpha 1 (Ya)|///

71,14441 + Gstaz glutathione S-transferase, alpha 2 (Yc2)

- Serpinala //[ serine (or cysteine) peptidase inhibitor,
58,0829 Serpinalb | clade A, member la

- solute carrier family 22 (organic cation
57,84542 Slc22a3 | transporter)

glycerophosphodiester phosphodiesterase
52,87146 - Gdpd3 | domain containing 3
45,31677 + Lgals3 lectin, galactose binding, saubl
45,09963 + Krt8 keratin 8
41,44472 + Tnnil troponin |, skeletal, slow 1
31,87093 — 1fi202b interferon activated gene 202B
2.) - MHCSTNF
WT & 4 10 "

+



A

4 $ Tnf""Des” ) )
) 3 3 b '
MHCSsTNF
H + 3
TnfY"*Des’ MHCsTNF A ( *
* DNA, + +(
(
+ "4 + 4 %
(  Tnf""Des’ MHCSTNF , "
" , % ( % * "“( "
% ( , % ( % -
( ( ( * DNA. ' "
! + 4 &" 3.
% - ) Tnf""®Des
- " Tnf\Whe + =
19,521786 — Des desmin
glycerophosphodiester phosphodiesterase
19,171381 + Gdpd3 domain containing 3
12,904938 - Stbdl starch binding domain 1
12,441276 — 2310014F07Rik RIKEN cDNA 2310014F07 gene
11,597324 + Psca prostate stem cell antigen
Arrestin domain containing 3, mMRNA (cDN
11,13319 + Arrdc3 clone IMAGE:5344962)
8,841095 - Galc galactosylceramidase
CAP, adenylate cyclase-associated proteirn
7,0558996 + Capl (yeast)
5,6518307 + Nfia nuclear factor I/A
5,414059 + Retnla resistin like alpha
3. ) - Tnf"W'"Des’~
! Tnf*v" & 4 10 "
+
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) | TNF- )3 3

# 9 )3 '
)
51 $ Tnf""Des’™ ) ) # 9
3 )
% + (  TnfY"Des”
* Des™, ( x * DNA,
+( Des’~ "
% + TNF- .
) * DNA
4 % 24% +" +
+ 646 "( (#: “Heatmap”, ## “MVA scatter plot”) (Fold change, FE€
2).1 .+ 440 '( 3 (FC< 2), 206
4 "( ( + (FCC2 (% 24). |
I ( % &" 2 o+ " 40 " 4
+ +
24. - 3
Tnf"pes™ Des’™ . * DNA
" ! " (
+ , ( Tnf"Des” Des™™ " "
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3 : % (significance analysis

plot) ( )% ( ( ( (n=39,139) *
+ + FC>2 (% , N=2,482)./ " (3 ) 4
! ( " * +
+ (Fold Change, FC). Unpaired t-test, ( % % P-value
% ( ! Benjamini-Hochberg
1 - ( ( + + 3
Tnf""Des™™  Des™ .o (
* * ( * 4
TNF- Des”™ i .-
( "( + "4 Tnf""Des’ , +"
( *"4 " % % , 3 (
( (% 25.1 % “( %
" % ( "( TnfY"*Des’ ,
" " o " + I "
%( « % » (% 25 26), « % % »
( % 25 26) « % »
( % 25). : - ( "( 3 +
Tnf""Des’ x % (
* Y % , % +(
3 ( "
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25. " -) )3 : i

( - 3 Tnf""Des™ Des”.
s w0 + 4 (
TnfY"Des’”~ * Des™~ * "4
" +
« % » « ( »( % 25 I ( %
&" 2).
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26."  -) ) ' ) 3 3 3

) - ) - §
- 3 Tnf"W"™Des”™  Des”. " " "(
* "4 " () ()
. ( - ( ( (Ingenuity Pathway
Analysis, IPA). & 4 % ( “( + (.
% L ) + (. 1 % )
+ 3 Tnf""™Des”™ Des”~
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52 $ Tnf"W"Des™ ) ) ) 3 3 3
)3 ' 3

13 ( 0 + 3
Tnf""Des’ L% ( % +
3 ( TnM"Des”™  Des” 1
(2 ( ( ", " 8 (' rt8)
" 18 (' rt18) (16.44 2596 FC " * | Tnf""Des” Des’,

“Genespriing GX12") (two-sided P-value < 0.5) (limed t-test and
Benjamini-Hochberg correction).

/ % 27 "4 ( " +
(#: % % “Heatmap” + CHE % [ “MVA
scatter plot” + ). | + “Heatmap” + " |
(n=3) -~ L% ( * DNA
) + ( ( "( 4 3
+ «( ./ + “MVA scatter plot” (
! " 8 "rnl8 + "4 ( TniYpes’
* Des’ 3 ( N
+
27. Krt8 Krt18 )9
- ! ' -3)3 ¢ Tnf""™Des™  Des". ()
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+ +  “Heatmap” * DNA. () +
+  “MVA scatter plot” * DNA (two-sided P-
value < 0.5) (Unpaired t-test and Benjamini-Hoclgbeorrection).

6 8 18
-)9 1) )
- TNF- # 9 38
) o+ ( "n8 " rt18, " " (
Tnf"*Des’ ( x DNA,
Real-Time PCR % RNA % (
(
/ : ( Real-Time PCR 3 (
+ TNF- (MHCSTNF Tnf""*Des’~ ) " "8
"rt18 + 4 " " .1 Tnf""Des”
+ ( "8 "rt18 4 " (532 62.7 FC
3 L WT )( % 28). "
MHCSTNF (245 42.2FC 3 S WT
), Des’”™ , L+ + 4 "
"8  "rtl8, * " (32 B87FC3 L
WT )Y %  28).
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28. Krt8 Krtlg -)9 )

) - TNF- . + (  RT-PCR
% mMmRNA % " 3 o +
4 ( WT. " ( (
* + " P- . (Two-sided P-values:

*<0.05, **<0.01, ***<0.001. One-way ANOVA, Bonferm-Dunn post-hoc test).

* 0 (2 "( " 8
" 18 ( MHCSTNF  Tnf""Des”, (
! Western % ( * o
/ (2 8 18 + 4 MHCSTNF
TnfY"Des’ , 8 " ( %  29), *
+ ( WT Des’™ .5 %
(2 + 4 " "3 6 ( %

29).
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29. 5 8 18 # 9

3 ) )
- TNF- . ( + ( (
Western ko " 3 6
(" GAPDH* ( " +
/7 5 38 8 18 '
- TNF-
WT )
(2 8 18 + 4 + TNF-
8 " , * * (
L% ( +" ( +
(2 . % ( +" % 30, " 8 ("
18) + 4 7 % + (
( MHCSTNF  Tnf""Des™ ( * % +
WT , +(" ! Western
( % 29).
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38
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8 5 8 18 # 9
#
3
Tnf"Y"Des”™ )
81 5 38 8 18 9
3 3
) + ( (2¢( 8 18 " *
( "( + TNF- . 5¢(
% 31 8 18 (2 "4 %
& MHCSTNF

)3

%
+ mn
TnfY"Des’

s ).
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31.5
TnfWhepes’~

(2
%

%

38 8/ 18 9

3 3
o1 +
TnfY"Des’”™
% 1%
¢ ) ( ( 1
( 8 18
o1 -
(2 8
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8/ 18  Tnf""Des’ ( % 32).1( %

% * * %
* ( ( ( . & : 8 4
* ( (o, * o 8 18
TnfY"Des’ ¢ , % 32)
32. 5 8 18 # ) 3 3
3 Tnf"W'"Des’”~ ) "
% * O * % 8 (
) * +" * ( "(
(+ ! ) ( % C "C ¢ ) (
( TnfY"Des”™ 1 " : 300 nm.
8.2 8/ 18 9 ) 3
)3
/ % 33+" % 8 ( 1% (
( ( o ( % - "
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1 + 8 18, % (2

( 1% ( ", "( % ( 8/ 18
1% ( ( / 18
4 I % ! (2 ( ( (
( : ! , % 33 ( ( % (-
$- * % 33) ("( 8
* ). + % 18 3 43 (
* ( , " % %* % %
(% 33)
: ( % %
8/ 18 ( ( ( ( % (
1% ( "( % “area composita”.
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33. 8 18 9 ) 3
)3 3 Tnf"W"Des™ 1 +
18( " "4 % g) " ( 4
1% (2 , % ( (DSP),! -
(! -cat), " PG) $- *" (N-cadh). " :
(" 3" 43 (Cx43) 4 % %
1% " 1 :20 m.
8.3 8/ 18 3 -
93 3
% % % 8/ 18 1%
( ( + "4 ( ( "
( (% 34).) ( *
% 8/ 18  Tnf""Des’~ ,
% + ("
/ + % 8 (
( 44( S (
8/ 18 "4 44 ( % 1-4
( %  34). +" 8/ 18 " %
% - "( (
, %0 - *
+(" + 8 !
4 8/ 18 +"
"4 “( ( ! 5"
% ( "4 ! ,
8/ 18 1-4 (% 34).
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34. 8 18 9

3 Tnf"""Des™ o1 +
(2 ( ?- - ( -actinin)
(vinculin)  "* ( "4 1-
( 1 " :20 m.
8.4 8/ 18 -)9
) 3 Tnf"""Des”™
: % -
+ (2
4 % 32-35,
8/ 18 "
% 3 ( "
8/ 18 * "4 %
| + %
! o
8/ 18 ! ( %

(

35).

3
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35.5 8 18 -)9 ) i
) ) - TNF- . 1
+ 18 (2 ( !
(vimentin) " - Tnf*""Des™
1 120 m.
9 8/ 18 -)9 '
3 ) '
( + + ( (2 8/ 18
( o
% x4 + 4 8/ 18 +
TNF- " % 3 ( 15
5( + % 36 (2 8/ 18 + 4 %
4( TnfMyh6Des—/— o :
4 % % 3 % %
(2 ( 1% ( "( .6 4 "( (
( ( x 0 (
( ( 1% ( ( @ ), *
+ "4 * % % % 1% , %
L S +( 15
Des”™ * + (8 18(
15 % : ( * +
Des’ 4 *

4 + 8/ 18
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15

8/ 18

()1

%

("

: 20

(

8/ 18
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10 8 18 - 9 '

Tnf"""Des™
' MHCSTNF )
1 % % 8/ 18 Tnf""Des’
3 % 1% "
( " ( ( ( :
* MHCSTNF %
* % % 8/ 18
(% 37). " 8/ 18 "4 1% " (
MHCsTNF ( , % %( ! %
% % 1% " ( TnfY"Des’ (
(% 3335 37).
11 8/ 18 - 9 '
MHCSTNF )
/ MHCsTNF * "4
( ( ", " 8/ 18. (
* + ( (2 ( "
( 8/ 18 4 % 1%
n n , * * " ( 4
MHCSTNF , % * "4
( * * % % %
1% " (Panagopoulou, Davos et al. 2008)( +
" 8 +" ( " 8/ 18 "4
1% ( "(, %% " 4 (+ ! , % 37).
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37. 8/ 18 )9 ' '

MHCSTNF

) L+ % 8
MHCSTNF " % 8/ 18
I% " % 4 | % " n
1 " 240 m.
12 8/ 18 )9

) Tnf""Des”™

( * 8/ 18

Tnf""Des’ , TnfY"*Des’Krt18™,

*0/h TnfY"Des™ Krt187~ %
(Magin, Schroder et al. 1998). 8/ 18
* " TnfY"Des’

38.0 X ' 8/ 18 3
Tnf"W"Des’™ ) 1+ ( () *
Masson (( ) ™ ( % "( . Tnf""Des
FKrt18™" 4 %  Tnf""Des”™ o1

1 mm ( : 250 m).
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1+ Tnf""Des’Krt187~ + "4 L

+ % % +" % + % ,
(  *( ( * «( ( »
"( (% 38).
1 ( * +" (2D-Directed M-Mode echocardiography)
(
| * " (FS)  TnfY"Des”
Krt187 TnfY"®Des’ " "3
(31.64 37.69, " * )(P-value<0.01) (% 39 I ( %
&" 1./ " 6 * "
% ! (27.68 3573, Tnf""Des’Krt187~
TnfY"Des’ , " * )(P-value<0.01).
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39.0 3 Tnf"Whpes’

' 8 18. () & % I*
" (Fractional Shortening, FS %)

3 6 ( * +" . Two-sided P-value:
**<0.01, ***<0.001, ****<0.0001 (oneway ANOVA, Bonérroni-Dunn post-hoc
test). () ( » ( + (

R (M-Mode 2D-Directed).
+ " 3
TnfY"Des’Krt187" TnfY"Des’”™

* +
(Left Ventricular End Diastolic Diameter, LVESD)
(Left Ventricular End Diastolic
Diameter, LVEDD) 4 3 Tnf"*Des’
Krt187 , 3 " ( % 40).
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40. ) 3 Tnf""Des’Krt187" )9

( ) ' Tnf"WhDes™—. 1
(LVESD) ()
" (LVEDD) ()% +"
3 Tnf""Des’Krt187~ TnfY"®Des’
' 3 6 ( * +" . Two-sided P-value:

**<0.01, ***<0.001, ****<0.0001 (oneway ANOVA, Bonérroni-Dunn post-hoc
test).

13 0 ! 8/ 18 (
) MHCSTNF

) 8 8/ 18 MHCsTNF (T rt187~
) " + " , % (
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+|| % * + %

| *

(Fractional Shortening, FS %) %  39).

9% TnfY"%Krt187- 4
3 MHCSTNF . / ,
" 4 ’
(LVESD) " (LVEDD) "
3 Tnf""®Des’Krt187"
MHCSTNF " " 3 (2.91 219, " * )(P-
value<0.0001)(% 40 /| ( % &" 1./ " "6
( Tnf"rt187 + "4 " 3
MHCSTNF , *( +
% ¢ ( % &" 1).
14 0O ) ' 8/ 18
) )3 3
3 3
( " 8/ 18
TnfY"*Des’ , (
* " TnfY"®Des’Krt187~
1 ( + * ( (
1% (" ( ( TnfY"Des™Krt187 , "*
(" A , (2 ( ( ( (
N ) ( ( % (- " ) +"4
% % TnfY"Des’Krt187~ *
Tnf""*Des™, 4 " %o ( 1% (
" (% 41). ( 4 % ("
3" 43 TnfY"*Des’Krt18™, WT  Tnf""Des”
Krt187 (% 42).. (2 + "4 (
( 4 " % (" (
3 ( ( 1% ( " (

TnfY"Des™Krt187~

190



41. 0 38 3 3 3 -9
: 3 Tnf"W"Des'Krt187~

Tnf""®Des™ . 1 + (2 - ( 1% (

", %( " (DSP),!- " (! -cat) " (PG)
o) (2 (o2 -

( -actinin) * " * % 1

! :20 m.
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42.0 38 ( 43 3 3

3 -9
' 3  Tnf""®Des™Krt187~
Tnf"W'pes’™, 1 + (2 3" 43 (Cx43)
(DSP) ™ 3 ( ( % ("
Tnf""Des’Krt18™7~ , " TnfY"*Des™ WT
.1 " 20 m
( ( ( ( % (" (
TnfMyh6Des—/Krt187 %
" ol % 43 4 (
1% ( " ( WT, Tnf""Des’
Tnf""Des’Krt187. /  Tnf""Des’Krt187~ 1%
4 ( , 1% ( " (
( ( , % (" :
* + % (" ( ( WT
Tnf"*Des’ ( (% 43  44). % 44
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%*

%

1%
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194



nm.

(

3

3 3 3
Tnf""Des™Krt187~
%
3 ) *
W' TnfY"Des’~

TnfY"Des’Krt187 ( +

3 )3

Tnf\"Wrpes’,

( % ("

). 1 " © 500

3  TnfWMDes’Krt187

4
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2 m.
15 0 )3 3
# 3 # )
' 8/ 18.
) ( * ( (
TnfY"*Des’Krt187~ " ( " :
(" " ( ( = (
2
/ (" o ( + "
x % %
( (  TnfY"Des’Krt187~ (% 44 45).
“% + 4 ( (
! (" *
(¢ , % 45). " | 2" + "4 *
+ " Tnf""Des’Krt18™

196



45, # 3 Tnf"W"Des™Krt187~ )3

)9 - 3
( % "
3 ) ( % (" (
%( +" w' TnfY"*Des™ 4
Tnf""®Des’Krt18" ( + ! ). 1 " 12 m.
16 8/ 18 # 3
3 3 # 3

Tnf""Des”™ )

5( + « ( + " (
L 4 (" TnfY"*Des’Krt18™,
' TnfY"®Des’ )

197



x 8/18, 8
8/ 18 " * % (
x TnfY"Des™
/ , ! ( + * (
Y : % % ( +(
x (e " ( %  46), "4
( + ( Tnf""Des’Krt187~
( , 4 + . %0/ %
TnfY"DesKrt187" + "4 % * , +
! ( *% « - » o« -V»,
3 % (Scorrano, Ashiya et al. 2002)+ ! %  46),
% ( *0/h ( Des” ( ) (  TnfY"Des’
Krt187 + L TnfY"Des™ (1 %  46)
*0f "4 * 0 % "
8/ 18.
46. " - ) 33 # 3
1 ( ( x (e % WT, Des”, Tnf""Des’
Tnf"Des’Krt187~ "3 ( "
' %0/ (  ''NF Tnf""Des” 4 I(
+ * (  TnfY"Des™Krt187
Des’. 1 " 12 m( ( ), L m( ( ).
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(

* (  TnfY"Des™Krt187~ L
1 ( 3 % % ( *0f
3 +" * % «Clark»
% ( ! % ( "% (
+ % «0 1 ». . %
" (  Tnf""Des’Krt187= * *( 4
* % ( WT  Tnf"Des™ =+ (
(% 47),%( ™ %  “State-lll/State-IV” (Respiratory
Control Ratio, RCR), " + 4 % 47. " :
%( * 4 "o + ,  Tnf"Des” *%
+ "4 + % % RCR, " ( WT * "(
4 + *
47." 3 3 3
)3 ( 1 ( 3 % *
" «Clark» ( *% %
" 3 i , % ( 4 +
( 3% (3 ), * 5mM
% 3 -5mM1 % 3, 150 g ( (
x (¢, “Mito”) % 3 min 400 M ADP
(“State-1I"). % 3 min 11 " (¢, “Oligo”)
(“State-IV"). . % “State-Ill/State-IV” 4

+ ( )-
199



, » (3

ATP ( Y ( ( ,F
+ " % +" 3 ( %
( % 48)./ +(" +
3+ ( *0f % Tnf""*Des’Krt187~
" * " ATP ( % , % (
% ! ( ( * 3 ( +
% Gy) ( “( " (NAD) ) ( %  48).
48 3 P ( o 3 3
# 3 . ( ( ATP 3 (
( ( *% % " 3
/ 4 ( ( ATP ( ),
% (GSH) 3 ( (GSSG) + %
« ) + ( “( "
(NADH) ( " (3 ). Two-sided P-values: *<0.05,

**<0.01, ***<0.001 (one way ANOVA, Bonferroni-Dunpost-hoc test).

. * " (  TnfY"Des’Krt187~ "
TnfY"Des’~ *0f o" * 0

* " % " 8/ 18  Tnf""Des”™
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17 5 . ) NF- #

# - 3 (rt8 ( rtl8

)
17.1 5 - ) NF- # #

' (rt8 ) : Tnf"W"®Des’™
)
* + ( "(

"8 " rtl8 % o+

% (" %

H o+ !

( ENCODE (ENCODE Consortium(Myers RM 2011;
Rosenbloom, Sloan et al. 2013)) ( ( +% “UCSC
Genome browser”, ( %

+ “Matlnpector Genomatix”/( ( % &"

3). 1( +% ENCODE/UCSC
* * (" % % Krt8, % ( ™
DNA (DNAse Hypersensitivity) (% 49)..
* * * -
% + % (
/ ( ( (" * :
% 49),% " !l + (% ( "n8 + 4
I % (% * , % 49),% "8 + 4
% , + + " % * %
"nt8  Tnf""Des’”” (
8 ( ). [ * *
" ( * + % (
Krt8.
/ , *0/p * +
NF- + "n8.) +% “Matinpector
Genomatix” * 3 ( %
* "ng, "4
* % % ./ I ( % &"
3 % 49 84 % NF-
* " rt8.
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49. #

Krt8. Krt8 (" )
(% . ( +% ENCODE./
% 4 * 3 + -+
3 % ! Krt8 9% ( 4
+% UCSC Mus musculus; NCBI37/mm9 "
%! 8 p65 NF-B ( "
I+ Genomatix (NFkBsitel NFkBsite8, )
! + % p65 NF-B (
w0 TnfY"®Des’ (“ 8R2P1",
).
: ( I+ '
x( % WT  Tnf""Des’,
p65 NF- .. "
* "rt8 % NF-  +"
* % + "8 ( %  50).
* % NF- , % (
8 % “Matinpector Genomatix”/( ( % &" 3).
% % NF- B *
" 18 % " Des”™  %*  WT
L * + ! %
Tnf""Des”
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50.5 - ) NF- B # '

- 3 Krt8 Krt18 Tnf"W"pes’™ )
x( " p65 NF- B WT
TnfY"*Des’ w4 .. * “ 8R2P1” Krt8,
“ 18R1P3" “ 18R2P2” Krtl8  “ 8 18R2P2" "
* % p65 NF-B ( +
TnfY"Des’™ *( " * control " IgG
TnfY"Des’~ * WT *( " ). . *
% 49,51 52 I ( % &" 3. Two-

sided P-values: *<0.05, **<0.01, ***<0.00X: wo-way ANOVA, Bonferroni-Dunn
post-hoc test).

17.2 5 i ) NF- i i
' Krt18 ) i
Tnf"W"Des’™ )

/ + +
*
+ " 1t8 TnfY"Des’~ . "
n ' * %

"rt18  TnfY"Des’”
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* " rt18 % (" " * ( * , %
51) " (% * % 51) "
* % NF- (¢ ( %
&" 3, % 51),% ( % “Matinpector Genomatix”.
1 (" % :
( NF- *
" 1t18, % Tnf""Des™  %*  WT
( % 51).
51. # ' -
Krt18. + Krt18
(" ) (% ) o ( +%
ENCODE. / % 4 * 3 + -
+ 3 ! Krt18 % ( 4
+% UCSC (Mus musculus; NCBI37/mm9 "
%! 8 % p65 NF-B (
I+ Genomatix (NFkBsite6 NFkBsite8, )
! + % p65 NF-B  (
(" Tnf""Des’~ (“ 18R2P2”
“ 18R1P3", ).
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17.3 . # ( 3 Krt8 Krt18 3
# 9 ) NF- -9 # #
- Tnf""Des”™ )
/ * + " *

+ , *
+ " rt8 " rt18 TnfY"*Des’ ! *
% % NF- % % 3 ( “( " rt8

" rtl8.

5( +" % 52, NF-B +"
* 8 18R2P2  Tnf""Des’™ , WT.) *
* % % " 12 kb % " 3 +

" rt8 " 13 kbp % " 3 + "rt18 ( %
52)./ * " P % NF- % (
% ( % “Matinpector Genomatix” /( ( %
&" 3, % 52). * (" *
* (" * , % 52), "

4 % (% * , % 52).'

( NF-B *
( "8 "rl8 % ( %
* 3 “( *(% ( 15.
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52. # ' -
( 3 3 Krt18 Krtl18. +
( Krt8 Krt18 (" ) (% ) :
( +% ENCODE./ % 4 * ( Krtl18
Krtl8 9% ( 4 +% UCSC (Mus musculus;
NCBI37/mmY. / ( % 4
* 3 " .& 4
%! 8 % p65 NF-B ( "
I+ Genomatix (NFkBsitel, ) * "
! + % p65 NF-B  (
(" TnfY"Des™ (* 8 18R2P27,
).
18 0 - 3 3 Krt8 Krtl8 9
) NF-  in vitro.
/ * ! + ( in vivo (
(" p65 NF-B % 4 (
NF-B  * + ( Krt8
Krt18  Tnf""Des’~ , % (  *
( "( in vitro
/ ' * *
+ ( Krt8 Krt18
, % ( + + «0
1 » 1 % % (
! ( Krt8 Krtl8 "( % " 3
+ , 2 kb, ! * (
"( %( + % % 49, 51 53." *
* + 4
" (2 + , % * ( **( (K8Luc
K18Luc Krt8  Krtl8, " * |, % 53))
+ ( Krt8 Krtl8 % NF- B *
HEK293.' " ( p65
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NF- B +
value<0.05) (% 54).

23 %

+ p65
* ( % 54).

53.+
-) & 4
( Krt8 Krtl8 % !
Krt8 -1938 +62 Krt18)
+ (* 8luc”
4 3
( (
8luc " 2K18luc” Krt18).

40 % Krt8  Krt18 " *  (P-
% ( ( :
%
( *
3 + (+1898 -102
( 5%
Krt8  “K18luc” Krt18). "
(% ) ( "
* 2 8luc”
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54.5 ) p65 NF- B # 3 3 Krt8
Krtl8in vitro. ( ) & + (
+ , ( + p65 (CMV-p65)
( + (  Krt18 Krt18 HEK293
3 % ( +
"( ( ( Krt18 Krtl8. () & + +
" + p65 (CMV-p65), "x ( 3
( ( Krtl8 Krt18,
% " () &
+ + %
CMV-p65, * (“pRDII2xluc’),
+ 2 "+ % NF-
" + % ! : % " +
( ). & + " ( %
CMV-p65 * (“TKluc”) *
( ( + " (
( * ! -
4 . Two-sided P-values: *<0.05, **<0.01, **<0.001 @mway ANOVA,
Bonferroni-Dunn post-hoc test).
/ * % K8Luc
K18Luc
% NF- B, * % !
NF- % ("
(NfkBSite6 NfkBSite8 Krt8, NfkBSite6  NfkBSite8 Krt18, % (
4 % 49 51). ) (
( 4 % 53.&
+ ( +
3 ( 4 %
( ( Krt8 Krtl8 % NF- B %
" , (
Krt8 ( Krt8, % "
+ p65 ( %  54). : * (
( ( Krt8 Krt8 !! % %
( % ( ( % 54).
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19 Krt8
2.
r ( (
in vitro  (
in vivo
NF- + (
+ ( 8
%
" 2
NF- *
al. 2012)./
(contitutively active IKK2) "
o " "4
2.
1(
" ( (
IKK MYHC + 4
% 1% "
+ TNF- .
+ * , 5-1
+ %
+ % 4
al. 2012).) + "
3

Krtl8 -)9 )
- #
* ( "
+ . X
ree( *
Krt8 Krt18 .
18 % (2 %
- + %
( IKK™WHCY (Maier, Schips et
2-CA
% % NF- B,
%( * +(+ kB %
+ RT-PCR (2 +
+ I (
8/ 18 4 " %
(% 55 56),% (
1 + Krt18
12-1 "
( "
6-8 ! (Maier, Schips et
Krt18 !
control ( % 55).
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55. 8/ 18 -)9 ) IKK MYHC

9 3
)3 .( ) RT-PCR RNA % IKK MYHC 5-
! 12-! % 3 " : "
"4 + " : " ( (
* " + Ribosomal protein L13Rpl13. Two-sided P-
values: *<0.05, **<0.01, ***<0.001 (unpaired t-tggt) + % 8
(% ) - ( ) 4 % 8
1% " ( ( IKKMWHC
+ control.1 " :50 m.
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56. 8/ 18 9

3 )3
8 (% )
% 8 1%
IKK MyHE 1 " ' 50
20
NF- in Vivo 3
- 3 Krt8 Krtl8
in vivo
%
Vivo. % % *
McGuinness et al. 2005) -
+H+ (
NF-
+ ( + 8
5( 4

3 3
MHCSTNF )

NF- in
“31 " (Brown,
+ % | B,

MHCSTNF
( (  Krt8 Krt8
% 57, ( (
" Krt8
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Krt8 29 % 41 %, " * : MHCsSTNF (P-
value<0.05).

57. - 3 Krt8 Krt8
TnfWe3m MHCSTNF ) . RT-PCR Krt8
Krt8 RNA % 4 1 )+ ( "(
TNF 31 "o (  MHCSTNF
: i ( ( * "
+ I- " . Two-sided P-values: *<0.05, **<0.01, ***<0.001 r{paired t-
test).
21 5 38 8 18 -)9 # )
Des™ )
% " + ( 8 18
o
"4 - + "NF- .
+ Des’,
( (" 8 18 + 4 " % ,
* 0 % ( +
+ TNF- .
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/ % 58 +" ( ! 8 (" * 18,

x ) + 4 " ( , +
* " ( % 58)./ ( 8/ 18 + 4
o %
+ ( ( % 58) (Psarras, Mavroidis et al. 2010). :
% % ( 8/ 18 4 " ! *
% " + TNF- , % ( + "o
+
' ( % ( + + ( 8/ 18
Des’ , ¥ +("
( Real-Time PCR% 4 + ( "n8 " rt18 RNA
Des’~ * % % ( " ( *(
+ TNF- ( % 28).
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. 0

18

-)9

18 (

% (

)

4
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' 3 )
( ( ( :
+ ( 8/ 18 ! %
% % ( - 3
( - 8 " (2
Muscle LIM Protein (€spr3~~) (Arber, Hunter et al. 1997) -
+ " (calcineurin) ( “MHC-Cn") (Molkentin, Lu
et al. 1998). " % " %
% ( (
* "4 % + *
+
& + ( RT-PCR 3 +
( "( Krt8 Krt18
( Cspr3’~ MHC-Cn, * + ( %
59). ( : (2 + ! ( * "4
(2 ( " 8/ 18 "4 1%
( ( (% 59), 4 " %
% + ( " 8/ 18
+ TNF- .
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59. 5 8/ 18 -)9 ) '

3 ) . RT-PCR ( () " Krt8
Krt18 RNA % ( ( 8
(2 Muscle LIM Protein (Cspr3”—) -
+ " (“MHC-Cn"). & 4 * +
control o + : Rpl3 Two-sided P-
values: *<0.05, **<0.01 (unpaired t-test). + % C () 8
( ) - (%) 4 + 8 "
( 1% ( " (
1 ! :20 m.
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23 5 8 18  -)9 )

' 3 )
)
' 4 + ( 8 18
( :

+ % - +
TNF- . & *( : * : 4( (
Il * " .

+ %
% - " " " (WT)

" * " * % "+ 3 (transverse
aortic constriction, TAC) 2 ! 12 !

" wT " " * * o (myocardial
infarction, MI), ( % "( %

+ " " 4

& + ( RT-PCR 4
+ " ( "( Krt8 Krt18
( TAC Ml ( : * + ( %

60). : % + ! ( * "4 (2

( " 8/ 18 "4 1% " (

( (% 60), 4 " % % % (
+ ( " 8/ 18 + TNF- .
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60.5 8 18 -)9 ) ' 3

) ) . RT-PCR ()
Krt8 Krt18 RNA % ( (
( "+ 3 TAC 2! 12
! (“2-w pTAC” “4-w pTAC”, " * ) (
* 1 *1".& 4 * +
control " + : Rpl3 Two-sided P-values: *<0.05, **<0.01
(unpaired t-test). + % ( () 8 ( ) -
(% ) 4 + 8 " (
1% ( " .1 " : 20
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24 0 - ' 8/ 18
)
-(
/ " *0%
% Il . +
+ ( 8 18
" " Ly (  "+3
(TAC) 2! 12 |
& *( % 8/ 18
Il TAC, * ( 8 " Krtl8
(Krt18™) (Magin, Schroder et al. 1998). " Krt18™~ "o
+ (WT) ! x "+3
TAC * + * (baseline, BSL), 2
! 4 1 * " " " %
( Krt18~ " " "
* % 2 ! *
(% 61 [/ ( % &" 4).
) " ( Krt18" "
% ( +" % | *
(Fractional Shortening, FS %) 2
4 * * (BSL). ( ,
* + 3 Krt18/~ " * 3
" % 2 ! * " % ( +" %
+ (LVIDs)
(% 61 /| ( % &" 4). , (
WT + "4 3 " 2
4 | * " + FS
Krt18™ *
* + (% 61 /| ( % &" 4).
. W 3 8
8/ 18 " % 3
+" , + * %
+% ( , ¥ % ( (
TAC. /| " Krt18~ ( WT
+" +" % 2 !
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* * * (relative wall thickness, RWT)

(% 61 /| ( % &" 4).
61.0 ; - 8/ 18 '
- 3 )
) : * +" " Krt187~
"ok + " (wt) " 4
: % * " "+3 TAC. 1
(Fractional Shortening, FS %),
* * * (relative wall thickness, RWT),
" (LVIDs)
" (LVIDd), 2 (2w pTAC) 4 (4w pTAC) ! *
* " (BSL). Two-sided P-values: *<0.05, **<0.01, ***<@01
relative to BSL; #<0.05, ##<0.01 * WT (FS + ) *

Krtl8~ (RWT + ) (two-wayANOVA, Bonferroni-Dunn post-hoc tést

* +" % * " "+3 TAC
+ 8/ 18./ +(" (
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( %

(2
62).

( %

62.5

8/ 18
8 18 + 4
b * "4
% %
62).
8/ 18 -)9
- ( TAC

1%

%

( WT
8/ 18

WT

Krt18/~
% TAC

8/ 18

222



+ % 8 18, , - I-
WT 8 ! % * " "+3
A ( ( 4 WT
* +" % 61.1 " :20 m.
25 5 3 8 18 -)9
) )
: " ! 3 ( ("
( "( 8 18 + 4
( (0 % TNF- .
% "3 ( + % %
%
Il S % ! *0p + (
8/ 18
1 ( ! Western R {
(2 % " " % %* " ( 8
18 + 4
( % 63). / " % + %
+ "4 ( " + ( 8 18,
" , ¥ % " : " % * %
"( (Jahn,
Fouquet et al. 1987; Jahn, Kreuzer et al. 1993). % "4
" % ( + %
, ! + (Moll, Franke et al. 1982;
Gown and Vogel 1984; Kuruc and Franke 1988). " + ( 8
18 + 3 ( ( ,
+ "4 %( * % (2 !
+ % " " ) +
* + "4 %( + + (
( (
" (
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63.5 38 8/ 18 -)9 )

) ) ' .1
( ! Western * | (2
% " " % %* ("
#1-#10) % + % (contraol). & 4
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& 4 ( (C % )
2% ( 8 ¢ )
+ (2 GAPDH* « " +
26 $ ) )
# 9 8/ 18 #
3 )3
(2 ( "( 8 18 + 4
" x ng
* % % %
1 + 8 18 "* ( (2
"4 % " " ( “(
8 18 ( % 64 65).) + 8/ 18 "
* + !
(% 64)." " 8/ 18
+ "4 * % % % 1% " (
( _— ( + 8
( € ( (% 64) - " (
( % : : 8/ 18 "4
( ( :
* % % 4 " % , "
(% 64 65), * ( 4 + % " ("
( "( (Bader, Jahn et al. 1988)l
+ * + ( 8/ 18
+ " ( % 65), +(" 4

(Moll, Franke et al. 1982; Gown and Vogel 1984; kmand Franke 1988).
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64. 8/ 18 -)9 ) )

) 9 3
3 )3 1 + 18 ( )
OSP,% ) ( () 8(% ) P
) ( () "
L) Lo " (2 + 4 % %
% 1 " :30 m.

226



65.

8.1

TNF-

)3

%

8/ 18 -)9

( ( )./

30 m( "

, % (

3
(
20 m).
1%
(
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27

) )
+ "4
, %( * x 0
+ TNF- (Panagopoulou, Davos et al. 200B). (
* "
( Western " " (
" " " 3 ( %
63), % %( " % * ( (( :
% ( P MHCsTNF (Panagopoulou, Davos et al. 2008).
: (2 % % " "
I % " 8 ( D263) % -6,
+ "4 * 2% 8 24 kDa 29 kDa
¢ , % 63).° % * +(" *
%8 MHCSTNF
(Panagopoulou, Davos et al. 2008). 2% 8 " %
-6 + "4 % %
; * %
" ( % 63).
( : % % " + "4
: "4 1%
( % 66). 5( +" %
+ : " "4 * 1%
" ( ( (2 ( ( ( 2
+ (% 66). " :
" "4 1%
" 4" " ( % 66), + "4 % ("
% %
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66. 8/ 18 #'

) ) 1
+ + ( ( )
( ( )-
1 20 m
28 8 18 - 9 '
) )
+ "4
, 8/ 18  +"4 %
1% " ( ( o
, +
8 T " 8/ 18 1% (
O % " + 4 ( % 65). % +("
% MHCSTNF ,
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%+ " 8/ 18 "4 1% " (

( " % : " " (% 37).
29 5 )
)9 ( TNF-
/ ( ( ( !
* " " % %*
(! + «0 1 ») * ( (
4( + TNF- ,
TNF- ( (
/ ELISA
TNF- % " ( T " %
" ( (o + % % , " *
( + (control).’ 3 (
TNF- " 3 %
( "o control ( %  67).'
% * +(" 4 (Levine, Kalman et al. 1990; Mann
2003), (" ( + TNF- ( -
% ( " w ;
, % ( "oox + « ».
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67. ) TNF- (
) : ELISA " " (
+ , "o " % "
( " + % % (control).'
4 ( " + * control. Two-sided P-
values: **<0.01 (unpaired t-test).
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107)"/)
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1 5 ) TNF- )9
)
T % + ( +
* "4 % Il "
" % *% + o (Mann 2003), "
( % % %
(! + « »). , *
% * + " ( % +
" v x o "
% (" 3 % *"  (Hoffmann,
Kafatos et al. 1999), +
% Ml % * % " " %
" "4
Il (Mann 2003).
"3 "4 % %
* % +
4% ( (% ( , % ( TNF IL-1.) %
( TNF IL-1 4 ( % ( (" )
% % (* % ) (Raftos, Cooper et al. 1991).%
( " t+ " %
! : % (4« + ( (
% ) 33 ( % " 3
( ( % (
" : "4 " (Mann 2003))
( (% % ( TNF IL-1 *
% + % 4( %! " 600.000
*% % % " " + 4 %
+ I 1 ' " ( % " *
F( (Mann 2003).& % ,
( * % 3 *%
(
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2 H - ) TNF-

) -
/ * %
+ " NF- 8 "
" o + *
( (
+ TNF-
* " MHCSTNF " (Li, Moody et al. 2000), "
TNF- + 4 %
" + - ! ! ( -myosin heavy chain, Myh6).
+ TNF- %
" " 8 , " 250-350 pg/ml % 4 -8 ! a0
% ( " + '$ F-
(Li, Moody et al. 2000).
/ e " % ( (
* + % ( %
% ( TNF-, ( + " , % ( + %

(Finkel, Oddis et al. 1992; Yokoyama, Vaca et al.
1993; Sivasubramanian, Coker et al. 2001; Mann 2003

Co ( + TNF- 8 "
(MHCSTNF )
% ( 8 " "
( % * ! +
8/ 18.
% o+ | ox % * (
TNF- * " (
" % % ;

(gain of function) (Nakano, Knowlton et al. 1998inE Wax et al. 2008)
(loss of function) (Yoshida, Taga et al. 1996; i&lmeyer,

Michael et al. 2000). - + TNF- *
" (MHCSTNF3 % ) " " (
( % Il ( R | ( ex Vviv
(Burchfield, Dong et al. 2010),
" " +
TNF- 8 " (MHCsTNF) (Sivasubramanian, Coker et al. 2001).
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" " % (%
( = ( + TNF-
+" % + % %
(Burchfield, Dong et al. 2010). % * % :
( * 8/ 18
; % *
( * ( + TNF- ( %
3 "
3 3 )3 3
# # -
TNF-
& % Tnf""®Des’
(e "
MHCs$ F Des’, " + TNF- " " 8
(Li, Moody et al. 2000) *
% , % % 4 %
+ '( % 1 " ( 14 " %
% ( % I ~14 )  TnfY®Des™ |
%( + "4 o % 4(
MHCSTNF % ( % 1" ~7 ).
" * +" , %
4 : Tt Des™~ L
* MHCSTNF " , 3 % 6
(! + « »).
& 3 + (% (  TnfY"Des’
" %0/,
+ TNF- % , W ( *
+ MHCSTNF (Li,
Moody et al. 2000). ( : 1% " "
( MHCsTNF , % " , -
3" 43 "4 % * 1% ( " "“( (
( (Panagopoulou, Davos et al. 2008), "

237



1%

TnfY"Des’~ "4 +
" o , ( +
TNF-, % 8 , N
" ! 8 " ,
"4 % % (*% % "
" 3 | ©
( % 0 %
* % + "3 % * % 3
% TNF- " 3
( "( (Panagopoulou, Davos et al. 2008).
( % -6 %
1% " " ( (( * "
+ TNF- .) "4 % %
+ ( "( 3
, %
( "( + "
x4 % " ( "( 8/ 18  %* 8
8 + ( (
+ 4 ( +
* 0 8/ 18 I
MHCSTNF . % %  Tnf""Des’" % * %
% TNF- ./ MHCSTNF . %
" " , 8/ 18 + "4 ( ,
4 ( % 1% " x g
( , TnfY"Des’ ( % 33-35
37). 3 + * 8/ 18 3
( Tnf""™Des’~ MHCSTNF ( , "
+ " "ok +
( ( (( " MHCSTNF , % ( !
(" % ! ( %
% ( ( + ( 8 18  MHCSTNF
Tnf""Des’ (% 28 29), * ( 4
* 8/ 18.
( 8/ 18 4
( % 1% (  MHCSTNF
( , Tnf""®Des™ ( %  33-35  37),
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% ( % " 8/ 18 % "
5( ™ MHCSTNF
8 8/ 18 (TnfY"Krt187- ),
% 8/ 18 " "
" , ! + * 4
3 (% % (% 39
I ( % &" 1).& % , 8 8/ 18
MHCSTNF + 3
L % ( % * +" ( % 40
I ( % &" 1). / : ( LVEDD LVESD
( + "4 3 TnfY"%Krt187~
" " 3 , MHCsTNF (LVEDD: 4.33 mm
3.24 mm; LVESD: 2.91 mm 219 mm " * ),
( 6 ' " 3 : "
% ( %
4 5 8 183 - 34
) 4 %
+ 4 (: " 8 18,
% "3 ( + % % " %
* % % : P +
" % ( + (
(2 8 18 "4 "
* % * %
: + * % %
'$ F- %( 4 ( % - % %
+ " (Mann 2003), + (
- (2 ( “( . :
* 0 " (
+ 8/ 18 % in vivo
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"4+ 3 (TAC).
. % +" +
! (Omary, Ku et al. 2009). % " ( "
! ( % + ( % :
% ( " I
* "4 : + " trans- + " ,
" ( - % (:
Il 8 (Omary, Ku et al. 2009; Pan, Hobbs et al.
2013). , de novo + K7, % I % 19,
R * * (cholestatic liver
disorders) % ! Il % % (Ku, Strnad et al. 2007).
: 8 18 + 4 , 4" 20 19,
% !! (Zhong, Zhou et al. 2004), 3 de
novo + ( 7, 17 19 * " * 1] ( +
(Moll, Hage et al. 1991).
% +" + , " + -
+ ( %
(! + « »). , 3
+H+ ( " " H 3
" (Ku, Strnad et al. 2007)
“goblet” (Zhou, Cadrin et al. 2006):
+ % (o “( "
3" ( 3+ % * " (
8/ 18 , % (Ku, Strnad et al.
2007).0 + ( % e ox "
(Cadrin, Hovington et al. 2000) oo (Tao, Toivola
et al. 2003). % . ( ( 8 18 I " "
"( * (Fickert, Trauner et al. 2003). , % ( 8
8 " * % , % (
A549 % * % (Fickert, Trauner et al. 2003),
" " ("4 % in vivo * "
* + _ '
% " " (
: 8, 18 19" 3 % (Zhong
and Omary 2004), " + % % %
( “( % ( (" ( “(
: ! % I
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) + ( * + ( Krt8 Krt18
+ ( + , % (
" 8 * - + (
"( 4 (2 :
' ( "( (Maurer, Nelson et al. 2008). % % in
Vivo % % TNF- + ( "rt8
" rt18 " 3 " "(
+ «C * '
( “( ( “( % . %
% ( ( *
- % : 3 +
3 ( + ( + + " (
%
5 5 ) TNF- -
3 8 18 )
) * TNF- + ( 8 18
: %( ( * % TNF- (
- % " : " ( + -
" % %
% ( , " * "4 + TNF'
(Sivasubramanian, Coker et al. 2001; Haudek, Tadteal. 2007)./
3 *0% * TNF- * 9%
+ ( K8 18 " ( +
( “( " rt8 "rtl8 "4 % + % NF-
" " ( (% ( " % TNF- . :
% IKK MYHC " "
( "rt8 "rtl8 % % NF- + 4
IKK MYHC ( (4-
! % " " )( % 55).
T ! : %
4 , ( ( 8 18 + "4 % (
- % % ( TNF-,
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! % + " 3
Tnf""Des’™  Des”™
+ ( - [Tnf"Y"®Des’] vs [Des’]
FC
([Tnf""°Des™
vs [Des’) + = “Entrez Gene”
glutathione S-
transferase, alpha 2
114,98| Gsta2 (Yc2) 14858
predicted gene 3776
Il glutathione S-
transferase, alpha 1
(Ya) /// glutathione S-
Gma3776 /Il transferase, alpha 2
61,52| Gstal /// Gsta2 | (Yc2) 100042295///14857///14858
25,96 Krt18 keratin 18 16668
potassium voltage-
gated channel, Isk-
related subfamily,
23,95| Kcnel member 1 16509
16,44| Krt8 keratin 8 16691
myosin, heavy
polypeptide 7, cardiac
12,71 Myh7 muscle, beta 140781
12,34| Krt8 keratin 8 16691
retinitis pigmentosa
GTPase regulator
10,61| Rpgripl interacting protein 1 77945
growth differentiation
10,27| Gdf15 factor 15 238864
HRAS-like
10,23| Hrasls suppressor 27281
troponin I, skeletal,
9,25| Tnnil slow 1 21952
8,90 Krt8 keratin 8 16691
8,54 | Wifl Whnt inhibitory factor 24117
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1

monoamine oxidase

8,52 | Maoa A 17161
zinc finger, DHHC
8,33 | Zdhhc2 domain containing 2 70546
angiogenin,
ribonuclease, RNase
8,23 | Ang A family, 5 11727
7,58| Mlana melan-A 77836
synaptosomal-
6,76 | Snap9l associated protein 91 20616
6,75| Rnfl14 ring finger protein 14 56736
thioredoxin reductase
6,41 | Txnrdl 1 50493
+ 3 - [Tnf"Y"®Des™] vs [Des’]
FC
([Tnf""®Des™
vs [Des’)) + = “Entrez Gene”
matrix
-59,60| Mmp12 metallopeptidase 12 17381
secreted
-48,87| Sppl phosphoprotein 1 20750
-21,38| Myot myotilin 58916
glycoprotein
-15,26| Gpnmb (transmembrane) nmb 93695
ribosomal protein L3-
-8,97 | Rpl3l like 66211
-6,84 | Itgax integrin alpha X 16411
myosin, heavy
polypeptide 6, cardiac
-6,53| Myh6 muscle, alpha 17888
RIKEN cDNA
-6,12| 2210407C18Rik 2210407C18 gene 78354
potassium inwardly-
rectifying channel,
subfamily J, member
-6,11| Kcnj3 3 16519
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3-hydroxybutyrate
dehydrogenase, type

-5,50| Bdhl 1 71911
ATPase, H+
transporting,
lysosomal VO subunit

-5,24 | Atp6v0d2 D2 242341
cytoplasmic FMR1

-5,14| Cyfip2 interacting protein 2 76884

-4,98| Aplnr apelin receptor 23796
hepcidin

-4,86| Hamp antimicrobial peptide 84506
TSC22 domain

-4,57 | Tsc22d1 family, member 1 21807
guanylate cyclase 1,

-4,50| Gucyla3 soluble, alpha 3 60596
WNK lysine deficient

-4,38 | Wnk2 protein kinase 2 7560[7
G protein-coupled

-4,34 | Gpr22 receptor 22 73010
diacylglycerol O-

-4,21| Dgat2 acyltransferase 2 67800

-4,11| Dsp desmoplakin 109620
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$ 3 3.& % NF-B, ( ! +
1 *
(Genomatix/Matlnspectr !
* " H h —/—
( anti-p5  Tnf""Des
. Detailed Detailed . Mat.
Matrix B ) : " Start End Anchor Core | Matrix : Eviden | Evi- Chromosomg
Seq. name Family Famlly Matrix Matr|>§ Tissue Opt. position | position | position Strand sim. sim. sim. - "o % | dence Sequence I position
Information Information opt.
Blood Cells, Bone
Marrow Cells,
Hematopoietic .
K8-NF Bsite6 | spapathanasi_| veNFka | Nuclear factorVECREL.G . o System, Immune | 0,91 | 2187 2201 2194 - 1 0,923 |0,013| 0 pagggeccTTC)chrl5:101,83
kappa B/c-rel 1 System, Leukocytes gac 5,137
Myeloid Cells,
Phagocytes
Blood Cells, Bone
Marrow Cells,
Hematopoietic
) . . Nuclear factor|VSNFKAP| NF-kappaB ) d ctggggaaTTCl|chrl5:101,83
K8-NF Bsite8 | spapathanasi_SV$NFKB kappa Blc-rel |PAB65.0J  (p65) st)g;eqml,_ért?gﬁgé( 0,85 2759 2773 2766 0,765 0,854 0,009 D o 5709
Myeloid Cells,
Phagocytes
Blood Cells, Bone part of
Marrow Cells, model
Hematopoietic match .
K18 | apathanasi p/gnFke | Nuclear factorVECREL.G o oo | gusiem, Immune | 0,01 | 3352 3366 3359 - 1 0916 00p6 1 of |1c99CCTTCCrchr15:101,85
NF Bsite6 kappa B/c-rel 1 System, Leukocytes STAT [o]s] 7,359
Myeloid Cells, NFKB_
Phagocytes 05
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Blood Cells, Bone
Marrow Cells,

Hematopoietic .

K18- spapathanasi_[V$NFKB | Tuclear factor VENFKAP o oo oaal  system, Immune | 0,89 | 4592 4606 4599 + 1 0,938 0,048 99gGGGAggtegehr15: 101,85
NF Bsite8 kappa B/c-rel | PAB.O1 ctac 8,599

System, Leukocytes,

Myeloid Cells,

Phagocytes

Bone and Bones,
Cardiovascular
System, Central
Nervous System,
Connective Tissue
Digesti\_/e System, part of
Embryonic Structure model

NKX Homeodomai Endocrine System, match
spapathanasi_3/$NKXH | homeodomain VENKX25 n factor Nkx Heart, Islets of 0,97 68 86 77 + 1 0,996 0,02 ClggtTGAGHgQchr15:101,84
Langerhans, Lung, NEKB gtccagt 3,812

.05

factors 2.5/Csx Muscles,
. NKXH

Myocardium, Nervou
01
System, Pancreas -
Prostate, Respiratol
System, Skeleton,
Spinal Cord, Thyroig
Gland, Urogenital
System,

K8K18-
NF Bsitel

o
=
o

S

<
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$ 3 4. & £ : (

/_
( WT Krtl8 2- 4-1 % * " "+ 3
Baseline 2- ) pTAC 4- ) pTAC

WT Krt187- WT Krt187- WT Krt187-

n=7 n=8 n=4 n=6 n=4 n=6
LVPWd 0,914 | +0,02 0,840 | +0,02 **1,168 | +0,07 110,94 | 10,05 ***135 | 40,1 | TT1%0,982 | +0,04
IVSd 0,944 | +0,02 0,865 | +0,02 *1,213 | 0,04 *1,053 | 0,07 **1,220 | +0,05 **%1,165 | +0,05
LVIDd 3,296 | 0,04 3,501 | +0,09 3,220 | 0,16 3,633 | 0,26 3,615 | +0,12 3,615 | 0,12
LVPWs 1,524 | +0,06 1,378 | +0,04 | TT1*1,793 | +0.06 1,315 | 0,11 | TT1**1,908 | +0,07 1,363 | +0,04
IVSs 1,594 | +0,07 1,526 | +0,04 | ***1.888 | +0,02 11,663 | +0,04 **%1 050 | +0,05| T111,593| +003
LVIDs 1,540 | +0,03 1,679 | +0,08 1,558 | +0,12 1*2,247 | +0,27 1,523 | +0,13 12,135 | 10,17
LVM 105,314 | +3,26 102,638 | +5,34 | **148,050 | 19,03 **133,8 | +6,23 | ***164,750 | +16,53 | ***149,75 | 17,24
LVMI 3,743 | 40,08 3,150 | +0,13 | ***5,225 | 10,35 1*4,033 +0,2 **%5 750 | +0,60 | T1%**4,483 | +0,26
RWT 0,566 | +0,01 0,490 | +0,01 1*0,745 | 40,06 0573 | +0,07 | TT**0,815 | +0,05 0,598 | +0,04
FS 53,241 | +1,12 52,214 | +1,50 51,385 | +3,74 | T%**39,085 | +345 51,775 | +4,09 | T%**41,383 | +266

I":4"1D>01 14D@1" ;< AB1"4E1 F10;:A5 1 # ##  ### it
" AB1"4E1 ;0G>A>;0 (3;34®/7 3>AB :;0<1==;0>27?@00 ;"A2B; C9C
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