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ABSTRACT

Estrogen-responsive finger protein (Efp) is one of the estrogen responsive genes and
belongs to a family of tripartite motif (TRIM) proteins. Here, we have shown that
genistein, one of the predominant soy isoflavones, repressed the expression of Efp.
We also have shown that Efp functions as a ubiquitin E3 ligase and plays crucial roles
in the regulation of breast and prostate cancer cell growth. We have shown that Efp
targets ubiquitin mediated proteolysis of 14-3-3 ¢, a negative cell cycle regulator that
causes cell cycle arrest. Next, we performed immunohistochemical analysis for
breast and prostate malignant tissues, and investigated the association with patients'
clinicopathological data. Positive Efp immunoreactivity significantly correlated with
poor cancer-specific survival both in prostate and breast cancer patients, suggesting
that Efp could play an important role in the tumorigenesis of breast and prostate
cancer. The present data suggest that genistein could play an important role in the
cancer prevention through the repression of Efp. We have demonstrate that Efp also
targets ubiquitination of Retinoic-acid-inducible gene-I (RIG-I) is a cytosolic viral
RNA receptor that induce type I interferon-mediated host protective innate
immunity against viral infection. Furthermore, gene targeting demonstrates that
Efp is essential not only for RIG-I ubiquitination but also for RIG-I-mediated
interferon- production and antiviral activity in response to RNA virus infection.
Thus, we demonstrate that Efp, genistein regulated gene, induces the ubiquitination
of RIG-I, which is crucial for the cytosolic RIG-I signalling pathway to elicit host
antiviral innate immunity. Soy Protein Research, Japan 11, 88-94, 2008.
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Fig. 1. Effects of genistein on Efp expression. (A) PC3 cells were treated with 25 M of genistein for 24 hours. (B)
PC3 cells were treated with interferona (IFN« or combination of IFN« and 25 .M of genistein for 24
hours. (C) Mouse embryonic fibroblasts (MEF) were treated with 25 M of genistein for 24 hours. Real-
time quantitative PCR was performed using cDNAs generated from total RNA. Experiments were
repeated three times and the results are represented as means + SD. Real-time quantitative PCR analysys
shown that mRINA expression of Efp was down-regulated by genistein.
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Fig. 2. Efp conjugates to and down-regulate 14-3-3 protein. (A) Immunoreactivities of Efp (fluorescein isothiocyanate
(FITC), left panel) and 14-3-3¢ (rhodamin, right panel) expressed in COS7 cells were co-localized in the
cytoplasm. (B) Interaction of Efp with 14-3-3s. Lysates of COS7 cells transfected with indicated plasmids were
analysed by immunoblotting using anti-Efp antibody (WB: Efp), combined without (input) or with (IP; HA)
immunoprecipitation using anti-HA. (C) Specific interaction of Efp with 14-3-35. Lysates of transfected COS7
cells were immunoprecipitated with anti-Myc and analysed by immunoblotting using anti-HA (middle panel: IP:

Myc, WB: HA).

The amounts of Myc-Efp mutants (WB: Myc) are shown in the bottom panel.

(D) Efp

overexpression downregulates 14-3-3¢ protein in MCF7 cells. Efp-MCF7 cells stably express Efp.
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Fig. 3. Efp and 14-3-3¢ regulation and function in cancer cells. 14-3-3¢ expression is regulated through proteasome-
dependent proteolysis, which is mediated by the E3 ubiquitin ligase Efp and the E2 ubiquitin conjugating
enzyme (Ubc). Efp has a structure of TRIM protein, containing RING finger, B-box-coiled-coil, and SPRY
domains. Ubc interacts with the RING finger domain of Efp. Repression or lack of 14-3-3¢ expression through
cancer-associated mechanisms leads to deregulated cell cycle progression and promotes tumor growth.
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Fig. 4. Interferon-induced expression of Efp. (A)
Interferon (IFN)-induced expression of Efp
mRNA. PC3 cells were treated with IFNa or the
vehicle (PBS) for the indicated times. Real-time
quantitative PCR was performed using cDNAs
generated from total RNA. Experiments were
repeated three times and the results are
represented as means + SD.
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IP: FLAG
Blot: S

Fig. 5. ISG15-conjugation of Efp protein. ISGylation
and ubiquitination of Efp protein. 293T cell
extracts transiently transfected with Flag-
tagged Efp (Flag-Efp), Flag-tagged ubiquitin
(Flag-Ub), Flag-tagged ISG15 (Flag-ISG15) and
HA-tagged USP18 (USP18-HA) were subjected
to immunoprecipitation with anti-Flag antibody
and, subsequently, to Western blot analysis
probed with anti-S antibody. Signals for poly-
Ub-Efp, ISG15-Efp, and Efp are indicated.
ISG15-Efp conjugation was disrupted by USP18
which is an ISG15-specific protease.

Interferon
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Efp @

Protein modification of
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Fig. 6. Schematic representation of Efp-mediated signal transduction.
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Fig. 7. Efp is a primary E3 ubiquitin ligase of RIG-I.
Purified MBP-T7-RIG-I and MBP-Efp derived
from Escherichia coli were incubated in a
reaction buffer with ubiquitin, human
recombinant E1 and human recombinant
UbcHba at 32°C for 2 hours and subjected to
immunoblotting with anti-T7 antibody. Efp
protein mediated the ubiquitination of RIG-I.
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Fig. 8. Efp is essential for RIG-I-mediated antiviral activity. On RNA virus infection in Wild-type (Efp+/+) cells,
interferon (IFN) induced Efp protein significantly accelerates the ubiqutination of RIG-I, increases the IFN
production and suppresses RNA virus replication in positive feedback loop system. Whereas, Efp—/— cells
dramatically decrease IFN production and increase virus replication compared with Efp+/+ cells.
Collectively, these results indicate that Efp is critical for cytosolic RIG-I signal transduction that mediates

the induction of the IFN response on viral infection.
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