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120 min

Fig. 7. Suppression of mitochondrial calcein quenching after bafilomycin by Ru360. Rat hepatocytes were loaded with thodamine- dextran and
calcein, as described in Fig. 6, and exposed to 50 nM bafilomycin (Baf) in the presence of 20 uM Ru360. Note that in comparison to bafilomycin
alone (Fig. 6B), mitochondrial calcein quenching was suppressed by Ru360. Arrows identify representative lysosomal structures. One experiment is

typical of three or more replicates.

1 mM deferoxamine equivalency). The >10 kDa starch—
deferoxamine only enters cells by endocytosis. Strikingly,
starch—deferoxamine prevented bafilomycin-induced cal-
cein quenching as effectively as deferoxamine (Figs. 1, 2).
These findings are consistent with the conclusion that
lysosomes/endosomes release chelatable iron after bafilo-
mycin and that deferoxamine and starch—deferoxamine
prevent this release by chelating the intralumenal iron
store of these organelles. Indeed, after calcein loading into
lysosomes, bafilomycin treatment, especially in combina-
tion with deferoxamine or starch—deferoxamine, caused
unquenching of calcein fluorescence, signifying a decrease
of intralumenal chelatable iron within the lysosomes (Fig.
6). Other approaches to measuring changes of intralume-
nal lysosomal chelatable iron, such as homogenizing
hepatocytes and isolating lysosomes by density gradient
centrifugation, were considered but not pursued, because
chelatable iron contained in lysosomes would most likely
be released before the lysosomes could be purified.
Fe?*/H* Exchange as a Mechanism of Lysosomal
Iron Release. Changes of chelatable iron also may con-
tribute to normal physiological processes. In Kupffer cells,
chelatable iron increases transiently after lipopolysaccha-
ride stimulation, and iron chelators block nuclear factor
kappa B activation and cytokine formation.43-45 Iron che-
lation also produces hypoxia inducible factor-1« transac-
tivation and expression of transferrin receptors.647 An
important question is how intracellular iron is mobilized.
Proteolysis in lysosomes and proteosomes recycles iron for
biosynthetic reactions.“® Similarly, heme oxygenase re-

leases iron as heme is degraded. Ferritin and hemosiderin
store excess iron in a nonreactive highly chelated form. In
plasma, transferrin binds almost all non-heme iron at two
iron binding sites. Plasma transferrin is 5 to 10 M, and
transferrin iron occupancy is approximately 30%, which
translates to plasmairon of 3 to 6 uM.4® The endosomal/
lysosomal compartment continuously receives iron by
transferrin receptor—-mediated endocytosis,>*5! but how
iron is released into the cytosol for cellular needs, such as
synthesis of iron-containing proteins, is not known.52 A
membrane iron transporter, divalent metal transporter-1,
mediates H*/Fe?* symport by enterocytes across the
plasma membrane and early endosomes into the cytosol
and may mediate iron release from lysosomes and late
endosomes.>>3 In our experiments, alkalinization of ly-
sosomes/endosomes with bafilomycin caused release of
chelatable iron into the cytosol without disrupting the
integrity of individual lysosomes. This finding suggests
that a Fe?*/H* exchange mechanism may be important
in lysosomal iron retention at low lysosomal pH and re-
lease at high lysosomal pH.

During oxidative stress and hypoxia/ischemia, lyso-
somes rupture in hepatocytes and other cells.26:48:5455 [n
cell lines, lysosomal rupture is a source of iron release and
consequent pro-oxidant cell damage.56-58 Lysosomal deg-
radation also occurs in models of apoptosis to hepato-
cytes.>? Overall, chelatable iron may act both as a dynamic
regulator of cellular function and as a mediator of cell
injury. Like the better characterized calcium ion, chelat-
able iron may represent both a signal regulating normal

-790 -



HEPATOLOGY, Vol. 48, No. 5, 2008

cellular responses and an intracellular mediator of toxicity
when iron homeostasis is dysregulated.

Mitochondrial Iron Uptake After Lysosomal Iron
Release. Using a technique of cold-loading followed by
warm incubation, we were able to load mitochondria se-
lectively with calcein (Fig. 6). After bafilomycin treat-
ment, mitochondrial calcein fluorescence decreased,
signifying an increase of chelatable iron within the mito-
chondria. Both deferoxamine and starch deferoxamine
suppressed mitochondrial calcein quenching after bafilo-
mycin (Fig. 6). Thus, chelatable iron released into the
cytosol by bafilomycin from lysosomes and endosomes
was being taken up into mitochondria.

Previous studies show that isolated mitochondria accu-
mulate Fe?* electrogenically via the mitochondrial Ca?*
uniporter.®® Fe3* is not transported. We confirmed this
observation in intact hepatocytes by showing that Ru360,
a highly specific inhibitor of the calcium uniporter,?! in-
hibited bafilomycin-induced quenching of mitochondrial
calcein fluorescence (Fig. 7). Thus, mitochondria took up
at least a portion of chelatable iron released by lysosomes
after bafilomycin via the calcium uniporter. In previous
studies of ischemia/reperfusion injury and oxidative stress
with t-BuOOH, ROS formation assessed with DCF oc-
curred primarily within mitochondria.524 Such ROS for-
mation promoted onset of the MPT and subsequent cell
death, because mitochondrial depolarization, inner mem-
brane permeabilization, and loss of cell viability were
blocked by deferoxamine and antioxidants.524 Thus, the
two hits of ROS generation and increased chelatable iron
may be occurring within mitochondria to promote the
MPT and cell death.

In conclusion, iron potentiates injury in a variety of
diseases of the liver and other organs. Storage of chelatable
iron in the lysosomal compartment and the mobilization
of lysosomal iron by various stressors may be important
events exacerbating hepatocellular injury. In particular,
injury from oxidant stress may involve the two “hits” to
mitochondria of increased O®—/H,O, and increased che-
latable iron to promote formation of highly reactive and
toxic OH®. Understanding of these mechanisms may lead
to new strategies to minimize iron-dependent heparocel-
lular injury in various liver diseases.
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* Translocation of 'u;ou from lysosomes into mitochondria is a key event during oxidative stress-induced hepatocel-

lular injury.
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