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Redox factor (Ref)-1, a ubiquitously expressed protein, acts as a modulator of redox-sensitive tran-
scription factors and as an endonuclease in the repair pathway of damaged DNA. However, the function
of Ref-1 in the differentiation of monocytes into macrophages has not been defined. In this study,
we investigated the effects of Ref-1 on the monocyte differentiation process using the human monocytic
cell line THP-1. The differentiation agent PMA increased cell adhesion over time and showed a sig-
nificant increase in phagocytic function but decreased the intracellular amount of Ref-1. Ref-1 inhibitor
E3330 and Ref-1 knockdown using the siRNA technique reduced cell adhesion and the expression
of differentiation markers, such as CD14, ICAM-1, and CD11b, by PMA stimulation. This means
that the role of Ref-1 is absolutely necessary in the initial process of differentiating THP-1 cells
stimulated by PMA. Next, the distribution of Ref-1 was examined in the cytoplasm and nucleus of
THP-1 cells stimulated with PMA. Surprisingly, PMA stimulation resulted in the rapid translocation
of Ref-1 to the nucleus. To prove that movement of Ref-1 to the nucleus is required for monocyte
differentiation, a Ref-1 vector with the nuclear localization sequence (NLS) deleted was used. As
a result, overexpression of ANLS Ref-1, which restricted movement to the nucleus, suppressed the
expression of differentiation markers and notably reduced phagocytic function in PMA-stimulated
THP-1 cells. In conclusion, these data suggest that the differentiation of monocytic THP-1 cells requires
Ref-1 nuclear translocation during the initial process of biochemical events following stimulation from

PMA.
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Fig. 1. Change of Ref-1 on PMA-stimulated differentiation of monocytic cells. THP-1 cells were incubated with 100 nM PMA
for up to 72 hr. (A) Cells were challenged with carboxylate-modified polystyrene latex beads. Three independent experi-

ments were performed and values are the means of £ SDs obtained from triplicate experiments.

£p<0.05 and **p<0.01

vs. the untreated macrophages. (B) Whole cell lysates were analyzed by western blotting to detect expression level of
Ref-1. B-actin was used as an internal control to monitor equal protein loading.
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Fig. 2. Effect of Ref-1 inhibitor E3330 on cell viability and adherence. THP-1 cells were plated at 5x10* cells per 24-well
plate, and the cells were pretreated with different concentrations of E3330 (1, 10 or 100 pM) for 30 min and then
incubated with 100 nM PMA for 48 hr. (A) Cells were analyzed for viability using the trypan blue dye exclusion assay
(live cells, @; dead cells, O). (B) Cell adherence was analyzed as described in “Materials and Methods”, and data
shown represent relative cell adherence. The results are presented as the means of + SDs of three independent experiments.

*p<0.05 and **p<0.01 vs. the untreated control cells.
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Fig. 3. Effect of Ref-1 siRNA on PMA-stimulated adhesion of monocytic THP-1 cells. Cells were transfected with siRNA for
the silencing of the Ref-1 gene, and were treated with 100 nM PMA for 48 hr. (A) The efficiency of Ref-1 silencing
was analyzed by western blotting using specific Ref-1 antibody. (B) Data shown represent relative cell adherence. The
results are presented as the means of + SDs of three independent experiments. *p<0.05 and **p<0.01 vs. the untreated

control cells.
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Fig. 4. Nuclear localization of Ref-1 in PMA-stimulated THP-1
cells. Cells were treated with 100 nM PMA for 24 hr.
Then, cytoplasmic and nuclear proteins were isolated
and used for western blotting to detect expression level

of Ref-1. B-actin was used as an internal control to
monitor equal protein loading.
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Fig. 5. Effect of ANLS Ref-1 overexpression on PMA-stimulated differentiation of monocytic cells. Cells were transfected with
ANLS Ref-1 expression vector, incubated for 24 hr, treated with 100 nM PMA for 48 hr. (A) The expression of macrophage
differentiation markers was analyzed by western blotting using specific antibodies against CD14, ICAM-1, and CD11b.
B-actin was used as an internal control to monitor equal protein loading. (B) Cells were challenged with carbox-
ylate-modified polystyrene latex beads. The results are presented as the means of + SDs of three experiments. *p<0.05

and **p<0.01 vs. the untreated macrophages.
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