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Cell Death Associated with No Oligonucleosomal DNA
Fragmentation

Kazuhiro IGUCHI®, Shigeyuki USUI?, Ryoji ISHIDA, Kazuyuki HIRANO®

Abstract: Oligonucleosomal DNA fragmentation is a hallmark of apoptosis, however the fragmentation does not always occur in
apoptotic cell death. In the present study, we examined the cause of no oligonucleosomal DNA fragmentation in the cell death to
clarify the ladder formation mechanism during apoptosis. (1) Oligonucleosomal DNA fragmentation was not observed in
neocarzinostatin (NCS)-induced apoptotic Molt-4 cells. DNA fragmentation factor (DFF), which is essential for the apoptotic
ladder formation, was found to be functionally expressed in these cells, suggesting that the DFF expression is not sufficient to induce
the oligonucleosomal DNA fragmentation. (2) Intracellular acidification by imidazole inhibited the formation of oligonucleosomal
DNA fragmentation and the neutralization in these cells induced DNA fragmentation. This result suggests that maintaining
intracellular pH in the neutral range is essential for the induction of apoptotic DNA fragmentation. (3) Zinc and the extract from S.
repens induced cell death, associated with no oligonucleosomal DNA fragmentation in prostatic cancer cell lines. Zinc and the
extract-treated cells exhibited mainly necrotic features. These findings provide important information about the execution phase of
apoptosis.
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Fig. 1 Intracellular signaling of apoptotic cell death
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Fig. 3 Lack of oligonucleosomal DNA fragmentation in
Molt-4 cells.

Cells were treated with NCS for 24 h and the cellular DNA was
electrophoresed on 2.0% agarose gels.
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Fig. 4 Relative abundance of DFF-45 and DFF-40 mRNA
transcripts.

(A) Constitutive expression of DFF-45, DFF-40 and G3PDH mRNA
were analyzed by RT-PCR with specific primers. (B) Band intensity
analysis was performed using NIH Image program. Columns indicate
band intensities relative to the minimum intensity. The intensities
were normalized relative to the G3PDH standards.
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Fig. 5 The DNase activities of DFF immunoprecipitated with
DFF-45.

HL-60 and Molt-4 cytosol were immunoprecipitated with anti-DFF-
45 IgG. The DNase activities were assayed in the presence or
absence of 370 ng caspase-3.
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Fig. 6 Activation of caspase-3 and cleavage of DFF-45 in
NCS-treated Molt-4 cells.

(A) Molt-4 cells were treated with NCS for 24 h and the cell extracts
were subjected to SDS-PAGE, transferred to membrane and probed
with anti-caspase-3 and anti-DFF-45 antibody, respectively.
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Fig. 7 Lack of oligonucleosomal DNA fragmentation in
imidazole-treated HL-60 cells.

The cells were treated with imidazole and the cellular DNA was
electrophoresed on 1.75% agarose gels.
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Fig. 8 Activation of caspase-3 and cleavage of DFF-45 in
imidazole-treated HL-60 cells.

HL-60 cells were treated with 100 mM imidazole for indicated times
and the extracts were subjected to SDS-PAGE, transferred to
membrane and probed with anti-caspase-3 and anti-DFF-45 antibody,
respectively.
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Fig. 9 Induction of intracellular acidification by imidazole in
HL-60 cells.

HL-60 cells were treated with 100 mM imidazole for indicated times.
The cells were loaded with BCECF-AM and analyzed by flow
cytometry for intracellular pH.
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Fig. 10 Oligonucleosomal DNA fragmentation in imidazole-
(A) or NCS- (B) treated HL-60 cells.

Cells were treated with or without 100 mM imidazole for 2 h (A) or
0.8 pg/mL NCS for 1.5 h (B) and then placed in fresh medium adjusted
to various pH values. The cells were loaded with BCECF-AM and
analyzed by flow cytometry for intracellular pH (Upper panels). The
cells were incubated for another 2 h, and then the cellular DNA was
extracted and electrophoresed on 1.75% agarose gels (Lower panels).
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Fig. 11 Lack of oligonucleosomal DNA fragmentation in zinc
and the extract from S. repens-treated human prostatic cancer
cells.
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Fig. 12 Zinc induced necrosis in human prostatic cancer
cells.

LNCaP and PC-3 cells were exposed to 500 and 200 uM zinc,
respectively.  (A) The cells were treated with zinc and the cell extracts
were subjected to SDS-PAGE, transferred to membrane and probed
with anti-caspase-3 and anti-DFF-45 antibody, respectively. (B) Flow
cytometric analysis of cells stained with annexin V-fluorescein and PI.
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4-2, JaAFN VI RIFAZLIDFEEINZHINRE
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JAFV YL RIFATORBEHB I/ ORI ST
A= X0 BELZEZ A, MIRESERDO1IDEL
TIVAMFLA CEERELE (RERBE). SUX
AL CEBAMEMRE. S IFY VY IRIFANED
BELAKIZ, X7 LAY —LBAO DNA BH LR
BLTWE BRERBIK)., /aFUVIRIFABLN
YA LA CEELEE O LNCaP #ilgogs o< F

120 pg/mt 75 pg/ml
S. repens-treated

Untreated myristoleic acid-treated

Fig. 13 Nuclear morphological analysis of LNCaP and PC-3
cells treated with the extract from S. repens.

LNCaP cells were stained with Hoechst 33342 and propidium iodide,
and then examined under a fluorescence microscope. Arrows and
arrowheads show cells undergoing apoptosis and necrosis, respectively.

3 BEgERoRD ol shizniliiao
BMEBRELTBD, 7R AHBRIIBEFORYE
RPRD s 2 iAo 10%8E TH - /= (Fig.
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Table 1  Effect of caspase inhibitor on cell death induced by
the extract from S. repens and myristoleic acid

(% of total cells)
Viable Apoptotic Necrotic

Control 82.0 0.0 18.0
100 uM Z-VAD-fmk 84.5 0.2 15.4
130 pg/ml extract 36.8 16.5 46.8
130 pg/ml extract 48.6 0.3 512

+ Z-VAD-fmk
100 pg/ml myristoleic acid 9.5 8.8 81.8
100 pg/ml myristoleic acid 18.2 0.9 80.9

+ Z-VAD-fmk

LNCaP cells were treated with the extract from S. repens and
myristoleic acid in the absence or presence of caspase inhibitor (100
uM Z-VAD-fmk). After 24 h, % of viable, apoptotic, and necrotic
cells were determined.

5. ¥ 1§
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EFERN 20 2, TH DFF I3 caspase-3 Tk - TEM
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ek, 7R M= A MR REAICE R ELFENR
WERTZEMD, caspase BIC KB Y NV HEBBA
A7 —ROTFTHICMEBET 2 REEFEEREROGFENRB S
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EMETII VL7 —EERLETETREN - ADE
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TEMBESMERSTER 199, KFRICL->THLHN
R R, mMERFMARG S X OEII IRk OMITIC &
DESNAEZHOTHD, MREECHBEAERFICLD
RAixzZ b FRANS, 5% TRE— X T FIb,
MR, FARRMERBCECTIhSOX L7 —E
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