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extracellular signals. JNKs activation results in phosphorylation of
downstream molecules involve in normal cellular processes.
Furthermore the recent data have linked JNK signaling with different
pathological  coditions, including inflammation, cancer
neurodegenrative disease and cardiac hypertrophy. Gq signaling
initiates hypertrophic growth of neonatal rat cultured myocytes and is
postulated to transduce in vivo cardiac pressure overload
hypertrophy.however with the over expression of c-jun through Ap-1
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hypertrophy which can proceed to cardiac failure. This review analyzes
our present understanding of the role of JNK in apoptotic signaling in
heart failure and some other mechanism which induces apoptosis in
cardiomyocytes.
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Introduction:-

JNK was discovered as a second subfamily of MAPKs for its ability to phoshorylate microtubule associated protein
in rate liver following cycloheximide injection.MAPK(Mitogen activated protein kinase) pathways play a significant
role in mediating apoptosis and cell growth[1] Some studies suggested that members of the MAPK family,
including p38-MAPKSs , c-Jun NH2-terminal kinase (JNK) and extracellular signal-regulated kinase (ERK) play
key roles in caridomyocyte apoptosis and regulating the hypertrophy in regulating hypertrophy[2].

JNKs are stress activated protein kinase that is related to the MAPK(Mitogen activated protein kinase), that also
includes the p38, ERKs MAPKSs [3,4]. Whether the activation of JNKs causes the cell proliferation or apoptosis is
dependent on variety of stimuli and cell type involve in such activation [5,6]. JINKs were identified by their ability to
phosphorylate c-Jun in response to stress induced by a physical stimulation and the different chemicals such as
heat sock, osmotic stress, Uv radiation and TNF[7] . Some studies suggested that JNKs can be activated by variety
of stimuli such as the growth factor,cytokines and stress factors[8].

Corresponding Author:-Tgz1966@163.com
Address:-Jiamusi University, Heilongjiang Province, China.


http://www.journalijar.com/

ISSN: 2320-5407 Int. J. Adv. Res. 7(3), 385-394

JNKs are activated by MAP2 kinases such as MKK4/7 [9], regulate the apoptosis[10],respond to stresses[11]and
proliferation[12] There are two groups of signaling pathways that initiates the apoptosis 1) Extrinsic pathway that
starts signaling by death receptors such as TNF-a TRAIL FAS -land 2. 2) Intrinsic pathway that stimulated by
mitochondrial events [11]. JNK plays focal role in both following pathways.There are three different types of
JNK;namely JNK1, JNK2,and JNK3[12,13] .JNKs form the last tier of the three-tier kinase module consisting of
MAP kinase kinase kinase (MAP3K), MAP kinase kinase (MAP2K), and MAP kinase (MAPK)[14,15].In response
to the different stimuli, the penult dual specificity kinase of tier, either MKK7 or MKK4, actives JNK by
phosphorylation Thr- and Thr residue of TXY motif, within the activation loop of the INKs[15]. While MKK4 can
activate both p38MAPK and JNK, MKK?7 is specifically involved in the activation of JNKs.Both anti-apoptotic and
pro-apoptotic signals converge on activating MKK4-JNK or MKK7-JNK signaling node via specific MAP3Ks.
JNKSs in turn activate apoptotic signaling either through the upregulation pro-apoptotic genes via the transactivation
of specific transcription factors including c-Jun or by directly modulating the activities of mitochondrial pro- and
anti-apoptotic proteins through phosphorylation events[16].The MKK7 activates the specific JNK, bothe the pro-
apoptotic signals.Some studies suggest that oxidative stress is a major apoptotic stimulus in different heart diseases
MacLellan WR, Schneider MD. Death by design. Circ Res 1997;81:137-44.About 25 years ago, Jun kinase was
introduced as the member of the PP54 microtubule associated protein-2 kinases. This review analyzes our current
understanding of the mechanisms through which JNK-signaling causes cell dead or apoptosis in heart failure.

Overview of Jnk

JNK is one of the mitogen activated protein kinase pathways that transudce extracellular signals to control the
processes such as the differentiation, migration, cell proliferation and apoptosis[17].Each of MAPK pathways are
activated through the phosphorylation reations.When there is upstream of jnk MAP3K family members
phosphoryate and activate the MAP2K engzymes(MKK4 and MKK?7), that in turn, it phosphorylate and activate the
JNK.The pathway which is facilitated by the scaffold proteins such as the JNK interacting protein 1(JIP1) will
rapidly activates[18].Whereas the JNK inactivation pathways occurs by dephosphorylation performed by a group of
dual specificity phosphatases[19].The JNK can phosphorylate threonin and serine residues in a specific protein
subrates upon its activation . JNK obtained its name from its ability to phosphorylate serine residues at positions 63
and 73 in the amino-terminal domain of the c-Jun proto-oncogene [20].JNK family has three genes (Jnk1/Mapks,
Jnk2/Mapk9, and Jnk3/Mapk10). INK1 and JNK2 enzymes are expressed in most cells of the body, including the
kidney, whereas expression of JNK3 is in the heart, brain, and testis[21]. Deletion of both Jnk1 and Jnk2 genes
causes fetal lethality, whereas deletion of either Jnk1 or Jnk2 results in viable and healthy mic[22].Alternative
joinning of MRNA from these three genes gives rise to at least 10 different JNK enzyme isoforms ranging between
46 and 55 kDa[23].1t is suggested that the JINK pathway can be activated by the specific stimulation that can activate
distict cellular pathways and responses[24].An important aspect of the is that it can activate through stimuli such as
inflammatory cytokines, stress, Oxidative oxygen species .Thus the JNK signaling may contribute to heart failure
through the apoptosis.

JNK signaling in myocardium

Within the heart JNK pathways can be activate in response to distinct stimuli by stressors such as the oxidative
stress, DNA damage,Hypoxia,ischemia reperfusion(IR), hyperosmolality, ER stress, Inflammtory cytokines and UV
radiation[25].G protein coupled receptors, groth factors, non canonical Wnt signaling can also induce the JNK
signaling pathways[26], the latter being critical in cardiac develpment[27].During the heart develpment JNK
pathways can be activated throught the non canonical Wnt signaling which also implicated in determination of
cardiac cell fate and morphogenesis of heart, including proper development of outflow tract [28].During cardiac
disease JNK can be activated through the I/R injury[29].During I/R injury and intracellular pathways when the cells
within in myocardium undergo apoptosis, through which ischemic induces cell death and other “stress responses” in
cardiomyocytes have been extensively charaterized. JNK signaling cascade can be initiated by the MAPK pathway,
that activated during the reperfusion that results in to activation of the AP-1 trascription factor and subsequently
causes cellular apoptosis[30].0n the other hand it can also activate in heart in response to different pathological
conditions such as hypertension, myocardial infarction, reperfusion injury and inschemia[31].Different studies have
show that JNK signaling is shown to be connected with key mediator pathoogical caridac remodeling and heart
failure. It has been shown that JNK plays a vital role in cardiac hypertrophy and cardiomyocyte apoptosis[32].

The three most distict forms of INKSs, are involved in stimulating apoptotic signaling cascade.Furthure more the clue

that shows that JNKs are involved in apoptotic singaling process came form the of y-ray stimulated the activation of
JNK-1 along with an increase in DNA fragmentation in Jurkat cells[33].While y-ray induced JNK-activation was
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delayed, the growth factor induced JNK-activation was rapid and transient. Subsequent studies expanded the role of
JNK in TNF-a, Fas-L, X-ray, and UV-ray induced apoptosis in different cellular and physiological contexts.
Unequivocal evidence that JINK1 and JNK2 are involved in apoptotic signaling came from studies using embryonic
fibroblasts derived from JNK1-/-JNK2-/- mice that showed resistance to apoptosis in response to diverse genotoxic
and cytotoxic stress [34,35]. In general the mechanism through which JNKSs regulates the apoptotic pathway
involves expression of pro-apoptotic genes by activating the specific transcrition factors such as the c-Jun, p73 and
p53 [36].

Nuclear signaling of INK in the regulation of apoptosis

Upon activation by the upstream MAP2KSs, the phosphorylated JNK translocates to the nucleus where it
phosphorylates and transactivates c-Jun [36] resulting in the formation of AP-1. The AP-1 is involved in the
transcription of a wide variety of proteins, including several pro-apoptotic proteins [37] such as TNF-o, Fas-L, and
Bak [38]. JNK can also phosphorylate several other transcription factors including JunD, ATF2, ATF3, Elk 1, EIk-3,
p53, RXRo, RARa, AR, NFAT4, HSF1, and c-Myc [39]. Thus, in the context of apoptosis, the nuclear activity of
JNK can potentially lead to an increase in the expression of pro-apoptotic genes and/or a decrease in the expression
of pro-survival genes. There is sufficient evidence that the nuclear activity of JINK and the transactivation of c-Jun
are required for its apoptotic activity. It has been observed that JNK is required for the apoptosis of central nervous
system neurons and the expression of dominant negative inhibitors of nuclear JINK confer resistance to their
apoptosis following trophic support [40]. These findings suggest an important role of nuclear JNK in promoting
apoptotic signaling. It is significant to note here that the non-phosphorylatable mutants of c-Jun confer resistance to
apoptosis of MEFs in response to UV-irradiation. Together, these results may be indicative of a role for JINK-c-
Jun/Apl mediated expression of pro-apoptotic genes in JNK-mediated apoptosis. An alternate pathway contributing
to JNKmediated apoptosis involves the phosphorylation of the p53 family of proteins by JNK [41]. It has been
suggested that the phosphorylation of p53 at Ser6 by JNK inhibits ubiquitin-mediated degradation of p53 and
thereby stabilizing the levels of p53. Recent studies have shown that the phosphorylation of p53 at Ser6 by JNK2 is
critically required for the apoptotic pathway [42].

It has been observed that the expression of FDH (10-formyltetrahydrofolate dehydrogenase) is drastically reduced in
tumors and its elevation induces p53-dependent apoptosis. Further analyses of this apoptotic event indicated that
FDH induces direct phosphorylation of p53 at Ser6 involving both INK1 and JNK2. Treatment of FDH-expressing
cells with JNK inhibitor SP600125 or silencing of JINK1/2 or inhibited the phosphorylation of p53 at Ser6 as well as
p53-dependent apoptosis in response to DNA-damage. Since p53 is involved in the expression of several pro-
apoptotic genes such as Bax (Bcl2-associated X protein) and PUMA (p53 up-regulated modulator of apoptosis), it is
quite possible that apoptotic pathway activated by JNK involves p53-mediated upregulation of pro-apoptotic genes.
DNA damage that activates JNK also causes the stabilization and activation of p73, a member of the p53 family of
transcription factors [43].Similar to p53, p73 induces apoptosis by increasing the expression of proapoptotic genes
including Bax and PUMA. Analysis of this pathway has shown that JNK is required for p73-mediated apoptosis
induced by the DNA damaging agent cisplatin and it involves the phosphorylation of p73 at several serine and
threonine residues. Consistent with the notion that JINK and its activity are required for p73-mediated apoptosis,
mutation of INK-phosphorylation site in p53 abrogates cisplatin-induced stabilization of p73 along with a marked
reduction in p73- transcriptional activity, and cisplatin-induced apoptosis. Thus, JINK can stimulate the expression of
pro-apoptotic genes and decrease the expression pro-survival genes via multiple transcription factors in cell-type and
stimuli specific manner.

JNK in Intrinsic Apoptotic Pathway

Cytoplasmic stress and the damage to the DNA activates pro- apoptotic protein Bak or Bax throgh the Bh3 protein,
which in turn it induces the mitochondrial outer membrane permeabilization, resulting in release of the pro-apoptotic
proteins such as smac/diablo and omi/htra2 and the Cytochrome C from mitochondrial intermembrane space.
Release cytocrome c, together with Apaf-1 and caspase 9 from the apoptosomes, that triggers caspase-9 leading to
the activation of caspase3 and -7 which results in to cellular apoptosis.Further more the following process
potentiated by the OMI and SMAC that inhibits the anti apoptotic protein XIAP. The observation in which the
MOMB and the consequesnt release of cytochrome c in reponse to UV irradiation were inhibited in JNK1-/- and
JNK2/- MEFsSuggests a role for the kinases in the intrinsic pathway[44].0ne mechanism through which JNK
mediates the release of mitochondrial cytochrome C is through its ability to increase the expression of BAX via
transcriptional activation of c-Jun leading to MOMB [45]. JNK triggers the release of cytochrome ¢ through
stimulating traslocation of Bax to mitochondria[46]. JNK mediates translocation of Bax by phosphorylation of the
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phosphorylation of 14-3-3a and/ or 14-3-3( protein. Phosphorylation of the 14-3-3 proteins leads to dissociation of
BAX following which it translocates to mitochondria to induce MOMB and cytochrome ¢ release. Moreover, to
promote its translocation to mitochondria and subsequent release of cytochrome ¢ JNK directly phosphorylates 14-
3-3 associated Bad. To promote intrinsic apoptosis further JINK  targeting BH3-only family of pro-apoptotic proteins
[47]. INK phosphorylates the pro-apoptotic Bim, BH3 and Bmf during the UV induced apoptosis to release release
them from sequestering myosinV motor and dynein complexes -only proteins Bim and Bmf to release them from
sequestering dynein and myosin VV motor complexes respectively [48]. Further more release of Bim and Bmf can
activate Bax or Bax to intitate the apoptosis. [49].To neurtrilize the anti apoptotic activites of BCL2 and BCL2
homologs, the Jnk phosphorylated Bim can bind and neutralize the anti apoptoic-activites of BCL2 homologs and
BCL2[50].

JNK can also promote apoptosis through the phosphorylation of pro- apoptotic protein Bad JNK has also been
shown to promote apoptosis through the phosphorylation of the pro-apoptotic protein Bad [51].1t was reported that
JNK phosphorylates the Ser 123 of BAD and promotes its apoptotic effect of BAD in primary granule neurons of rat
cerebellum [51]. During the absence of apoptotic stimuli, the pro survical kineases PAK-1 AK1 and PKA inhibit
apoptotic activity of BAD by phosphorylating it at Ser112/136/155, following which the phosphorylaed BAD is
sequestered by 14-3-3 family of proteints. Through the phosphorylation of the BAD at Ser 128,an event which
inhibits Bad 14-3-3 interaction JNK promotes apoptosis moreover it also potentiates the mechanism through
phosphorylating 14-3-3 protein at Ser184 following which 14-3-3 relaease the sequestered Bad [52]. Some evidance
showes that INK promotes apoptosis through the direct phosphorylation of the Bcl-2 to inhibit its anti apoptotic
activity.During the paclitaxel induced apoptosis of the breast cancer cells, it has been shown that INK is activated
and the activated JNK phosphorylates Bcl2 at Ser70 to induce apoptosis[53].

JNK in Extrinsic Apoptotic Pathway

Extrinsic apoptotic pathway can be induced through the apoptotic signaling initiated through the activation of death
receptors, such as Trail-R1 (DR4), CD95 (Fas,APO-1), TRAIL-R2 (DR5), TNFR1, DR3 (TRAMP) and DR6
through their respective ligands [54].Those death receptors which are activated recruit the adaptor molecules such as
FAS assoicated death domain protein that in turn activates caspase 8, which directly activates the caspase 3 and
caspase 7 that initiates apoptosis. Activated death receptors recruit the adaptor molecules such as FAS associated
death domain protein, which activates caspase 8. Activated caspase 8 directly activates caspase 3 and caspase 7 that
initiates apoptosis.However, some of the death receptors can also induce activation of JNKs. Throgh the AP1
mediated increased expression of death receptors, pro- apoptotic proteins such as Bim, Bak[55], Bax [56], Trail-R2
[57] and ligands the JNKs contribute to extrinsic pathway. In HeLa cells TNF-a induced apoptosis, JNK mediated
phosphorylation causes the cleavage of Bid.The 21kDa cleaved fragment of the Bid translocates to mitochondria and
selectively induces the release of OMI, SMAC/DIABLO, the two of the mitochondria intermembrane proteins that
can inhibit the apoptotic protein XIAP, an inhibitor of caspase 8. In addition, OMI inhibits cellular-inhibitor of
apoptosis protein 1 or clAP1, another inhibitor of caspase 8 [58]. Inhibition of XIAP and clAP1 leads to the
activation of the executioner caspases 3 and 7, leading to apoptosis [59]. Even in the absence of such a cleavage,
JNK-phosphorylated full length Bid translocates to mitochondria and potentiates extrinsic signaling during TNF-
induced apoptosis in PC12 cells [60].Cumulatively, the multiple signaling inputs generated by JNK promotes
extrinsic apoptotic pathway

JNK signaling in heart failure

Heterotrimeric guanine nucleotide-binding proteins (G proteins) of the Gq family transduce signals from a different
of widely expressed membrane receptors to generate diverse, tissue-specific effects [61]. In variety of target tissues,
receptor mediated activation of Gq regulates physiological responses such as contraction and secretion. A role for
Gg-coupled receptors in regulation of cell growth has become apparent only more recently[62]. Cardiac muscle
expresses Gg-coupled receptors that do not appear to play a primary role in modulating cardiac contractile function.
Rather, the relevant physiological role for Gg-coupled receptor agonists may be stimulation of cardiac hypertrophy.
Indeed, multiple Ggcoupled receptor agonists stimulate hypertrophy of cultured neonatal rat cardiac myocytes [63].
In the intact heart, cardiac hypertrophy is typically a compensatory response to increased hemodynamic load. The
resulting increase in cardiac mass improves cardiac performance in the short term by reducing wall stress [64].
When the hemodynamic load is not relieved however, the hypertrophied heart ultimately dilates and fails in a
phenomenon termed ‘‘decompensation.”” A role for Gg-signaling in the development and decompensation of
hypertrophy is supported by theeffects of transgenic overexpression of a 1 adrenergic and angiotensin II receptors
in cardiomyocytes [65]. In fact, heterozygous transgenic overexpression of Gaq in cardiomyocytes induces cardiac
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enlargement with many of the molecular ,structural and functional characteristics of pressure overload hypertrophy
[66].higher level of Gaq overexpression in dual heterozygous mice causes a lethal dilated congestive
cardiomyopathy with myocyte loss in the absence of inflammation, suggesting a role for apoptosis. Although
cardiomyocyte apoptosis has been implicated in human cardiomyopathy [67] and animal models of myocardial
injury [68], a role for Gq signaling in apoptotic cardiomyocyte death has not been explored, and the relationship
between apoptosis and cardiac failure has not been defined adequately. It was explore the role of Gq signaling in
cardiomyocyte hypertrophy and apoptosis by using cultured adenovirus-infected neonatal cardiac myocytes or
transgenic mice with enhanced G a q signaling. The results demonstrate that sustained high level activation of Gagq
can produce apoptotic cardiomyocyte death and can lead to heart failure.In the heart, JNK is activated in response to
a variety of pathological insults such as hypertension, ischemia/reperfusion injury, and myocardial infarction [69].
Several studies have implicated JNK signaling as a key mediator of pathological cardiac remodeling and
heartfailure.An important role for JNK signaling has been demonstrated in cardiac hypertrophy [70] as well as
cardiomyocyte apoptosis[71]. JNK activation to a specific aspect of pathological cardiac remodeling, stress-induced
down-regulation of the gap junction protein connexin 43 (Cx43) [72]. Loss of gap junctions is a common feature of
the failing heart [73].

JNK signaling and apoptosis in the heart

JNK activation begin at the cell membrane by the activation of the Cdc42/Ras/Rac.these these GTP binding proteins
directly induce MAPK kinase kinase 1,2,3 and apoptosis signal- regulating kinase-1(ASK1) activation which in turn
promote phosphorylation and activation of MAPK kinases, MKK4 and MKK?7 that directly phosphorylate and
activate INK[77].There are three different types JNK genes that encode over 10 JNK isoforms through alternative
splicing[78]. JNK 1 and JNK2 can be produced in mouse tissues including the heart, while JNK3 can not be
produced in heart[79].JNKs can be activated by the vareity of stree and mitogenic stimuli, such as growth factors,
cytokines, UV irradiation, toxic compounds, osmotic shock, hypoxia, ischemia and oncogenes[80].Activation of
JNK results in activation of several trascription factors such as the as c-jun activating trascription factor-2 (ATF-
2),P53,Elk1, nuclear factor of activated T-cells(NFAT) and Sap-1[77].JNK is the first MAPK activated in the rat
heart by production of chronic angiotensin Il infusion and in culture by mechanial stretch[81].1t was shown that INK
can be activated by Ras in transgenic hearts, by ischemia reperfusion injury and by pressure overload[82]. Moreover
JNK can aslo activated by the Gaq couple receptor agonist, such as phenylephrine(PE) which is required for atrial
natriuretic factor(ANF) promoter activity in cardiac myocytes[82].Activation of JNK signaling pathway by
expression of an activated MKK7 mutant protein in cardiac myocytes induced the characteristic feature of
hypertrophy in vitro[83]. Furthermore, expression of MKK4 which is dominant negative attenuated the hypertrophic
response of neonatal rat in culture of endothelin 1 in cardiomyocytes[84].Similarly the adenoviral gene
transformation of MKK4 protein to the adult rat heart blocked activation of JNK and attenuate the cardiac
hypertrophy by pressure overload[85].However , some recent studies in mekkl gene targeted mice or jnkl or jnk2
gene targeted mice showed no positive correlation with the cardiac hypertrophic respose in vivo[86].

Although loss of MEKK1 attenuated hypertrophy, cardiomyopathy  associaged with  Gag
overexpression[87],although loss of mekkl reduced hypertrophic cardiomyopathy associated with Gaq
overexpression [87].While some disagreement are exists to the hypertrophic regulatory role for JNK signaling in the
heart. In some studies it has shown a critical role for INK factors and their upstream activators as affectors of
apoptosis in mamalian cells. For example , the nul fibroblasts JNK were demonstrated to be deficient in
mitochondria driven apoptosis, suggest that jnk has critical role in this process[88].Similarly, jnk3 null mice showed
significant reductions in excitoxicity-induced hippocampal neuron apoptosis [89]. Jnk 2 null mice showed the defect
in apoptosis in immature thymocytes[90].While jnk1 or jnk 2 double null mice indicated alterations in region
specific apoptosis in developing mouse brain [91]. Up stream of jnk1/2/3, ask null cells indicated significant
impairment in H202 and TNF a induced cell death[92].Null embryonic mekk1 stem cells can be differentiated in to
the cardiac myocytes indicated enhanced oxidative stress induced apoptosis[93].Moreover, jnk2 null mice also
showed apoptotic defects in immature thymocytes [90], Consistent with the observation that mekk1 null mice have
more cardiac apoptosis following pressure overload stimulation[71]. However,the results observed in mekkl
deficient cells suggest that the JNK signaling branch can serve a protective role, in contrast to data obtained in askl,
mekkl, andjnkgene-targeted mice.However, MEKKIcan also influence ERK activation, as well as effect other
regulatory events that are independent of JNK signaling,suggesting that greater emphasis should be placed on the
jnk gene targeting studies for cause-and-effect assessment [94]. Further investigation into the causality between JINK
signaling and cardiac myocyte apoptosis has revealed additional discordance. For example, expression of dominant
negative JNK1 or dominant-negative MKK4 in cultured cardiacmyocytes increased nitricoxide-
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inducedcardiomyocyte apoptosis, suggesting a protective role for JNK signaling [95]. Consistent with this study,
ischemia-reperfusion induced apoptosis in cultured neonatal cardiomyocytes was increased by expression of JNK
inhibitory mutants [96]. In contrast, JNK1 inhibition was recently reported to actually protect cardiac myocytes from
ischemia-induced apoptosis, while JNK2 inhibition had no effect [96]. Similarly, inhibition of JNK in H9c2
myocytes blocked apoptosis induced by stressst imulation [97] , while infection of adult cardiacmyocytes with a
dominant-negative JNK-expressing adenovirus antagonized H202-induced apoptosis[98].Upstream of JNK
signaling,targeted deletion of askl in mice attinuated the myocyte apoptosis following pressure overload and
myocardial infarction, however the expression of an activated ASK1 mutant protein stimulated myocyte apoptosis in
culture[99]. The b-adrenergic stimulated apoptosis of cultured adult cardiomyocyte was inhibited through expression
of dominant negative JNK by a mitochondrial dependent mechanism[100].In a study by, Aoki et al. It showed that
activated JNK and MKK4 localized to the mitochondria,induced cytochrome c release, and promoted apoptosis of
cardiac myocytes [101]. Baines et al. Reported that fraction of JNK protein was localized to mitochondria [102],
and is consistent with an earlier observation made in fibroblasts, whereas JNK was required for cytochrome c
release and mitochondrial-driven cell death [43]. Apoptosis can be induced by JNK signaling through a transcription
dependent mechanism which involves the activation of the c-jun and induction of pro apoptotic genes[103].It was
also reported that JNK directly phoshphorylate the pro- survival factor Bcl-2, restuling in its activation[104]. With
respect to the Bcl-1 family JNK can directly phosphorylate the serine 128 on the pro apoptotic factor Bad,
enhancing cell the death through the intrinsic pathway [105]. JNK activation was also recently shown to directly
activate Bid cleavage, independent of caspase-8, thus further facilitating the mitochondrial death pathway [106].It
was also reported that JNK directly phsophorylate two additional pro —apoptotic memebers of the BH3- only
subgroup of bim bcl-2 and bmf, facilitating their translocation to mitchondria[107].

Conclusion:-

We found out that the JNK signaling pathway activated by the biologic stimuli such as the TNF,Gowth factors
,Stress ,Cytokines, ischemia and hypoxia .the overexpression of the following molecule is belived that it causes to
the progression of HF by virtue of the deleterious effects they exert on the heart and the circulation. JNK is a master
protein kinase that plays an important role in osteoblast proliferation, differentiation and apoptosis. An overview of
apoptotic pathway indicates that JINK signaling is involved in the extrinsic apoptotic pathway initiated by death
receptors as well as the intrinsic pathway initiated at the mitochondria. In response to both the extrinsic and intrinsic
apoptotic stimuli, JINK plays an essential role through its ability to interact and modulate the activities of diverse
pro- and anti-apoptotic proteins.
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