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and apoptosis of colon carcinoma cells mediated by transforming
growth factor ÃŸ(41, 42) and antioxidants (43) have been linked to
p2jWAFi/cipi Â¡ncjuctionÂ¡nthe absence of p53, we asked whether
induction of p21WAF1/Clplwas involved in the initiation of butyrate-

mediated growth arrest.
SW620 cells were exposed to 5 mM butyrate for 2-48 h, and

induction of p21WAFI/Clpl was analyzed. Northern blot analysis (Fig.

Table 2 Effect of dissipation of the A<//â€žâ€žon hutyrate-medialed G2-M arresi

Treatment
(24hr)Untreated

Butyrate
Butyrate + rotenone
Butyrate + valinomycin%

cells inG2-M"6.50

Â±1.14
9.91 Â±1.94o

7.73 Â±1.51
7.32 Â±0.68

' Values represent means of at least four independent determinations Â±SD.
' P ^ 0.01 compared with untreated cells, calculated by Student's f test.
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Fig. 7. Elimination of the A*ml blocks butyrate p2iWA1'"c'p> induction and

arrest. SW620 cells were either treated with 5 mM butyrate alone (â€¢).simultaneously
induced with butyrate and treated with rotenone ( 12.5 /IM; D) or valinomycin (5.0 /XM;A)
for 24 h, or initially induced with butyrate for 16 h followed by treatment with rotenone
or valinomycin for 24 h. A, p21WAF"c'P' protein quantitated using WAF1 ELISA kits

(Calbiochem). B and C. propidium iodide-stained cells analyzed by flow cytometry for
cell cycle parameters. Data points, mean units of p21WAFI/Clpl/^ig protein and percentage

cells in S and G,/G, of the cell cycle were determined from at least three independent
determinations at each lime point; bars. SD. *, P s 0.01 compared with cells induced with
butyrate alone, calculated by Student's t test.

6A) demonstrated that, although untreated cells expressed low steady-
state levels of p2lWAF1/ciP' mRNA, levels were substantially in

creased as early as 2 h following exposure of cells to butyrate, and
with continued exposure, expression levels remain elevated up to
48 h. Rigorous quantitation of relative steady-state mRNA using dot

blots corroborated the Northern results, demonstrating that, compared
to levels of GAPDH mRNA, p2lWAFI/ciP' expression was increased

~2-fold as early as 2 h following butyrate induction (Fig. 6B) and
continued to increase to ~6-fold over a 48-h induction period (data
not shown). Moreover, butyrate induction of p2lWAF1/ciP' mRNA
was accompanied by a parallel induction of p2iWAF1/ClP' protein,

with levels increasing ~2-fold over those of untreated cells 2 h

following induction (Fig. 6Q and >6-fold by 48 h (data not shown).

Thus, as reported in other cell types (44), butyrate clearly mediates
P53-independent induction of p21WAF1/ciP' in SW620 cells, which

occurs prior to induction of cell cycle arrest (19).
Finally, to dissect the consequence of collapse of the A^mt on

butyrate-initiated p2lWAF1/Clpl induction and subsequent cell cycle

arrest, SW620 cells were either simultaneously induced with butyrate
and treated with rotenone or valinomycin for 24 h or were first
induced with butyrate and then treated with these agents for 24 h.
Collapsing the A^, prior to or during butyrate induction of
p2jWAFi/cipi effectÂ¡veiyblocked induction (Fig. 7A), eliminated the

decrease of cells in S phase (Fig. 7ÃŸ),and prevented the consequent
accumulation of cells in Gâ€ž/G,of the cell cycle (Fig. 1C). As shown
in Table 2, rotenone and valinomycin were only modestly effective in
inhibiting the butyrate-mediated transient arrest of cells in G2-M
(P = 0.086 and 0.032 versus butyrate-induced and P = 0.157 and

0.225 versus untreated, respectively). Furthermore, as expected,
TTFA had no effect on p21WAF1/CiP' induction or arrest of cells in

Go/G, or G2-M (data not shown).

Thus, these data establish that an intact A^, is essential for the
initiation and maintenance of p53-independent p2lWAFI/Clpl induc

tion and subsequent cell cycle arrest, as well as for the initiation and
execution of an apoptosis pathway. In the case of the apoptotic
cascade, this is most likely linked to the process of dissipation of the
A1!',,,,, which is requisite for triggering downstream events. However,
the requirement for maintenance of a A^^ in p21 WAFI/CIP'induction

and arrest of cells in Go/G,, which precede butyrate mediated dissi
pation of the AÃ­',,,,,is not yet clearly linked to specific biochemical

events. Nevertheless, the mitochondria and mitochondrial function are
likely key components in the coordination of p53-independent apop

tosis and proliferation pathways. Although communication between
apoptosis and proliferation pathways has been linked to bcl2 expres
sion (23) and to c-myc-mediated Fas-Fas ligand interactions (24, 25),

because mitochondrial function is associated with so many metabolic
pathways, the mitochondria may be the final integration site of mul
tiple signals, which ultimately coordinate proliferation and apoptosis
pathways.
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