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The apoptotic volume decrease is an upstream event of
MAP kinase activation during staurosporine-induced

apoptosis in HeLa cells
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Apoptosis is an important cellular process, which eliminates unwanted cells during normal
development or damaged cells after removal of trophic factors or exposure to toxic chemicals. In
addition, anti-cancer drugs induce apoptosis in cancer cells. Apoptosis defined by biochemical and
morphological changes includes cell volume decrease, caspase activation, chromatin condensation,
genome DNA fragmentation, and apoptotic body formation. The apoptotic volume decrease (AVD),
an early component of apoptotic cell death, is driven by osmolyte efflux resulting mainly from the
activation of K™ and CI” conductances. The resultant shrinkage has been used as a key discriminator
between apoptosis and necrosis. Activation of the volume-sensitive outwardly rectifying anion
channel (VSOR), which is involved in the regulatory volume decrease (RVD), has been indicated to
cause AVD.

On the other hand, the stress-responsive MAP kinase cascade is also known to be involved in the
apoptotic cell death. The MAP kinases constitute the most extensively studied cascade, which
transmits extracellular stimuli to the nucleus. The MAP kinase cascade is composed of three
kinases; MAP kinase (MAPK), MAP kinase kinase (MAPKK), and MAP kinase kinase kinase -
(MAPKKK). MAPKKK phosphorylates and thereby activates MAPKK, which in tumn
phosphorylates and activates MAP kinase. Apoptosis signal-regulating kinase 1 (ASK1), a 160 kDa
serine/threonine protein kinase, is a member of MAPKKK family. ASK1 activates both c-Jun
N-terminal kinase (JNK) and p38 MAPK through phosphorylation of several MAPKKs. ASK1 is a
general mediator of  apoptotic cell death in response to a variety of stimuli and especially to
oxidative stress. In the present study, the author investigated the relationship between AVD and
MAP kinase cascade activation during the process of staurosporine-induced apoptosis in HeLa cells.

First, He showed that in HeLa cells, caspase 3/7 activation and cell death induced by
staurosporine (STS) was inhibited by application of VSOR blockers. The AVD process started
immediately after treatment with 4 uM STS. When a VSOR blocker (200 uM NPPB or 100 uM
phloretin) was applied together with STS, the AVD was suppressed. An increase in caspase 3/7
activity was observed 4 hr after STS treatment. Similarly, a VSOR blocker (200 uM NPPB or 100
UM phloretin) inhibited STS-induced activation of caspase 3/7. Next, He observed that VSOR
blockers also suppressed STS-induced phosphorylation of p38 and JNK proteins. Activation of p38
during apoptotic stress given by addition of 4 uM STS was investigated by western blot analysis
using antibodies directed against p38 and its phosphorylated form (phospho-p38). The
phosphorylation level of p38 increased at >20 min after STS treatment. However, in the presence of
a VSOR blocker (200 uM NPPB or 100 uM phloretin), STS-induced phosphorylation of p38
became less marked in comparison with that in the absence of the VSOR blocker. An increase in the
JNK phosphorylation was also observed by apoptotic stimulation with 4 uM STS. A VSOR blocker
suppressed phosphorylation of JNK. These data indicate that VSOR blockers inhibit MAPK
phosphorylation in response to STS treatment. A p38 MAPK inhibitor, SB203580, and a JNK
MAPK inhibitor, SP600125, did not inhibit AVD induced by STS, whereas these compound
inhibited STS-induced p38 and JNK phosphorylation, respectively. Furthermore, treatment with

—272—



ASK1-specific siRNA showed decreases in the ASK1 mRNA level and STS-induced caspase-3/7
activation. This indicates that ASK1 is requisite for the STS-induced caspase-3/7 activation in HeLa
cells. And, the STS-induced AVD in siRNA-mediated ASK1 knock-down cells was compared with
that in negative control siRNA-transfected cells. Cell volume of the ASK1 knock-down cells was
decreased by the STS stimulation, and the cell volume decrease was not different from that of the
negative control cells. These data suggest that ASK1 activity is not necessary for the STS-induced
AVD in HeLa cells. Consequently, it is concluded that the MAPK activation is a downstream event
of AVD during apoptotic cell death.

If AVD is an upstream causative factor for the stress-responsive MAP kinase cascade, sustained
cell shrinkage per se should activate the MAP kinase cascade and induce apoptotic cell death. To
study this hypothesis, the effect of sustained cell shrinkage was examined using hypertonic
stimulation (600 mOsm) in the presence of 100 uM flufenamate (FFA), which is a blocker of
hypertonicity-induced cation channel (HICC) involved in the regulatory volume increase (RVI).
Under the conditions, it was shown that cell volume was not restored by the RVI mechanism from
the initial cell shrinkage induced by a hypertonic challenge. The hypertonic stress with FFA for 4 hr
resulted in caspase-3/7 activation and decreased cell viability. Under the same conditions, activation
of the stress-responsive MAP kinase cascade was then examined. The hypertonic stress together
with FFA increased the p38 phosphorylation. Interestirigly, the onset of phosphorylation of p38
induced by the sustained cell shrinkage was faster than that by the STS-induced AVD. This
phosphorylation of p38 induced by the sustained cell shrinkage was dependent on osmolarity. The
p38 phosphorylation and JNK phosphorylation were positively correlated with osmolarity. To
eliminate the possibility fhat VSOR blockers inhibited hypertonicity-induced phosphorylation of the
stress-responsive MAP kinases, the phospho-p38 level was examined under conditions in the
presence of NPPB (200 uM). The hypertonicity-induced p38 phosphorylation was not inhibited by
the NPPB treatment. These data indicate that the sustained cell shrinkage per se induces activation
of the stress-responsive MAP kinases even without VSOR activation.

These data indicate that activation of p38 and JNK in a significant downstream event of AVD for
the STS-induced apoptosis of HeLa cells. Since activation of the MAP kinases was observed under
hypertonic conditions inducing sustained cell shrinkage, it is suggested that the sustained cell
shrinkage is indispensable for STS-induced MAP kinase activation to cause apoptotic cell death in
HeLa cells.
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HeLa fEMZICREIORRYVRBESZ DL MREENFESND. TOBH
BIZBWT. PR REHBEER VL MAP X F—EROFEMHENEDSD
CERHLNTVAN. AEDDBREDELLNKY EFITHET S, BERER
WEETHAICHELLT . REELMCSATOEL, KBXITHRWT, BEE
EA/NB—KIE. COSD2OBRKOEREFROFAICHYBAL,

BHEEIE. T 7RO RAEHBEIRERORICRCES MO TNS CF
FyHJL VSOR DT OVvH—HFETTlE. R4 0RRYURBICLS. HaEE
A . MAPKK T#H2 ASK1 OTRICHSD p38 BT INK DU ERE. MRETE
[CE#ETIHAR—ZADFEMRL. METEOVThEN MEShEIETBREL,
ESIT, RAYORRYURBICESMEEFRED . p38 OTAYA—IZL>TH,
RNAi E[Zk% ASK1 DHEBETICE>TH, MFISNENEVNSIBHTEER
MBEB, ChoDRERIE, R2YOXRYUTIRICLSMAEOFEICENT,
VSOR DEMILIZEZMBEER A ASKT FtkibLThIcHi< p38 LU
JNK OUVERERYE, EFRICHDEERIEICRLIEZEDTH D,

RDATYTELT, BEEE. RAYORR) U FFICEEONEREER DR
DREDBHFZEITol=. THbHH. Hela MBEEERBEERICET L. ELIC.
BMAOKSABRSCESLTHREERNEL TN, COREIACOEEZHT
FoFerNTOYA—ICEYIIHIL T, BFET o= TORBR. EHIC. hAR—
ADEHEEBEENESISHIL., BVEFEZATPI8 LU INKDUYVEEAS
EEEEDOREICKELTEISIL. FL T, p38 DU EIEA. VSOR Fr=
LOTOvA—TMHENAENCEEZR VL, ChoDERMDS . RE2VORRY
DRIz ED VSOR FEHEENLETRM I AHMBRERIBROHELT .
EERBEERBIZLS VSOR FHAEENSLVERHEREERISKOEEICH,
ASK1 EHIEEFNIZHC p38 BLU INK QUVEIEAEIHIEM. BALMIC
iz,

FREIZBHFECALDMRIE. HMEEOHESHICETIRBROEER
Bl LT EELT 22 RRLCHELGEEEX-LOTHY . EDEREKX
ZV, IS SR ABMEELEBIC. MBTHERLNEDLSICLTASKI £E MK
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LT H0MENS, MREMZFHICERREORBOBRICERRAL TS ENHF
TEDH ULDEHAN,. BEZEBRF. 25— T FRXARMUBIXELTH
BLWEDTHAHEHIBTLT=,
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