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A B S T R A C T

Ultraviolet B (UVB) irradiation can induce reactive oxygen species (ROS) production and apoptosis in human
lens epithelial cells (HLECs), thus leading to the formation of cataracts. We studied the role of tripartite motif 69
(TRIM69) in cataract formation. The expression of TRIM69 protein was down-regulated in both human cataract
capsule tissues and HLECs treated with UVB, whereas the expression of p53 protein exhibited an opposite trend.
Ectopic expression of TRIM69 in HLECs significantly suppressed UVB-induced apoptosis and ROS production,
whereas knockdown of TRIM69 promoted apoptosis and ROS production. TRIM69 can interact with p53 and
induce its ubiquitination. The effects of TRIM69 overexpression in UVB-induced cell apoptosis and ROS pro-
duction was clearly weakened by p53 overexpression, thus suggesting a role for p53 in TRIM69 functions.
Furthermore, inhibition of ROS mitigated the effects of UVB irradiation on ROS production, cell apoptosis,
forkhead box protein 3a (Foxo3a) phosphorylation, and TRIM69 expression. Additionally, Foxo3a over-
expression significantly enhanced TRIM69 promoter activity, whereas Foxo3a knockdown had the opposite
effect. In conclusion, we provide the first demonstration that Foxo3a is a potential transcription factor for
TRIM69, and TRIM69 induces p53 ubiquitination. These results suggest that the Foxo3a/TRIM69/p53 regulatory
network may be involved in cataract formation.

1. Introduction

A cataract is characterized by a loss of transparency of the ocular
lens and is a frequently acquired cause of visual impairment in
people> 40 years of age [1]. Cataracts affect approximately 20 million
people and are the main cause of blindness worldwide [2]. Ultraviolet B
(UVB [295–320 nm wavelength]) irradiation is one of the most im-
portant environmental risk factors for cataract development [3–5]. UVB
irradiation may attack the oxidative pathways and induce the produc-
tion of reactive oxygen species (ROS), which directly causes oxidative

damage to DNA and proteins in the lens [6,7]. UVB-induced cataract
formation begins with damage to human lens epithelial cells (HLECs),
and apoptosis of these cells is an early event during cataract develop-
ment [8]. Apoptosis is tightly regulated by B-cell lymphoma-2 (Bcl-2)
family proteins, in which Bcl-2 inhibits cell apoptosis, whereas Bcl-2-
associated X protein (Bax) reverses the anti-apoptotic effect of Bcl-2
[9,10]. We have previously reported increased expression of Bax and
decreased expression of Bcl-2 during UVB-induced HLECs apoptosis,
thus indicating that both proteins play key roles in cataract formation
[11].
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Cumulative evidence indicates that p53 plays a central role in re-
sponse to diverse types of cellular stress, such as oxidative stress,
deoxyribonucleic acid (DNA) damage, and nucleotide imbalance [12].
Under certain conditions, p53 can prevent cell cycle progression, direct
damage repair, and induce cell apoptosis by regulating downstream
genes [13]. Maltzman and Czyzyk (1984) have found that UV radiation
stabilizes p53, and subsequent studies have suggested that p53 is ac-
tively involved in UV irradiation-provoked cell responses [14–17]. A
recent study has reported that p53 expression is enhanced in the
anterior lens capsules of age-related cataracts, and knockdown of p53
significantly inhibits UVB-induced cell apoptosis of HLECs [18]. These
findings suggest that p53 may be involved in the pathogenesis of cat-
aracts.

TRIM69 is a member of the tripartite motif (TRIM) family proteins,
which have been reported to participate in various biological processes,
such as cell growth, apoptosis, differentiation, innate immune re-
sponses, and cancer development [19,20]. The TRIM family proteins
contain a RING finger domain, which may contribute to E3 ubiquitin
ligase activity [21]. Several members of the TRIM family proteins
(TRIM24, TRIM32, TRIM39, and TRIM59) have been reported to bind
and ubiquitylate p53 [22–25]. TRIM69 is evolutionarily conserved in
vertebrates. Knockdown of TRIM69 activates the p53 pathway and in-
creases apoptosis during embryogenesis in zebrafish [26]. Whether
TRIM69 plays a role in apoptosis of HLECs and the pathogenesis of
cataracts is unclear.

In the present study we found that TRIM69 is down-regulated in
cataract lens anterior capsular specimens, and TRIM69 overexpression
attenuates UVB-induced cell apoptosis and ROS production by inducing
p53 ubiquitination. Additionally, forkhead box protein 3a (Foxo3a),
which is inactivated by UVB exposure, is a potential transcription factor
for TRIM69. Our study suggests that the Foxo3a/TRIM69/p53 reg-
ulatory network may be involved in cataract formation.

2. Materials and methods

2.1. Human tissue samples

Anterior lens capsule specimens were collected from four cataract
patients without other ocular diseases at the Department of
Ophthalmology at the Eye & ENT Hospital of Fudan University
(Shanghai, China). Four control anterior lens capsule specimens were
obtained from the Shanghai Red Cross Eye Bank. All participants gave
informed consent, and the study was approved by the Research Ethics
Committee of Eye & ENT Hospital of Fudan University.

2.2. Western blot assays

The specimens and HLECs were lysed with RIPA lysis buffer at 4 °C.
A bicinchoninic acid assay kit (Sigma Chemical Co., St. Louis, MO) was
used for protein quantification. Proteins of each sample (25 μg per
sample) were subjected to 10% or 15% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). Western blot assays were
performed with primary antibodies to the following: TRIM69
(Ab111943; Abcam, Cambridge, MA, USA); p53 (Ab26; Abcam); Bax
(Ab32503; Abcam); Bcl-2 (Ab32124; Abcam); Foxo3a (Ab53287;
Abcam); ubiquitin (Ab7780; Abcam); and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (#5174; Cell Signaling Technology, Danvers,
MA, USA). GAPDH protein was used as the loading control.

2.3. Cell culture and UVB exposure

A HLEC cell line was obtained from the Cell Bank of Academia
Sinica (Shanghai, China), grown in Roswell Park Memorial Institute
(RPMI) 1640 medium (Hyclone, Logan, UT, USA) supplemented with
10% fetal bovine serum, and passaged as previously described [11].
Before UVB exposure, the cells were grown to 80% confluence and

washed twice with phosphate buffered saline (PBS [pH 7.4]). Cells in
PBS were irradiated for 10min with a UVB radiometer (Photoelectric
Instrument Factory, Beijing Normal University, Beijing, China) at a
wavelength of 297 nm. After UV irradiation, PBS was replaced with
fresh RPMI-1640 medium, and the cells were cultured for 24 h at 37 °C
in 5% CO2, and collected for experiments.

2.4. Overexpression of TRIM69, p53, and Foxo3a

To overexpress TRIM69, p53, and Foxo3a, we amplified the com-
plete coding sequences with the following primers and cloned them into
pLVX-puro (Clontech, Palo Alto, CA, USA): TRIM69 (NM_182985.4)
forward, 5′- GCGAATTCATGGAGG TATCCACCAACC -3′ and reverse, 5′-
CGGGATCCTTACTGTGGATGTAAGATGTGC -3’; p53 (NM_000546.5)
forward, 5′- GCGAATTCATGAGGAAGACCAGGCTCTGG -3′ and reverse,
5′- CGGGATCCCTAGGGTACAAATGACCTCAGCGT -3’; and Foxo3a
(NM_001455.3) forward, 5′- GCGAATTCATGGCAGAGGCACCGGCTTC
-3′ and reverse, 5′- CGGGATCCTCAGCCTGGCACCCAGCTCT -3’.
Lentivirus packaging was performed as described above.

2.5. Experimental groups

To study the effects of UVB irradiation on TRIM69 expression,
HLECs were exposed to different UVB intensities (0.5, 1, 2, or 4W/m2)
for 10min, and the expression of TRIM69 protein was detected with a
western blot assay after 24 h of culture. Control cells were treated si-
milarly but were not exposed to UVB. To investigate the role of the
TRIM69 gene in UVB-induced apoptosis, HLECs were divided into the
following four groups: control, cells without UVB exposure; UVB, cells
subjected to 2W/m2 of UVB for 10 min; vector + UVB, cells transduced
with vector virus for 24 h, then subjected to 2 W/m2 of UVB for 10 min;
and TRIM69 + UVB, cells transduced with TRIM69 OE virus for 24 h,
then subjected to 2 W/m2 of UVB for 10min.

To determine the function of p53 in UVB-induced cell apoptosis,
HLECs were divided into the following five groups: control; Pifithrin-α
(PFTα); vector; TRIM69 Overexpression (OE); and TRIM69 OE + p53
OE. All the groups were subjected to 2 W/m2 of UVB for 10 min. The
PFTα group was treated with 10 μM PFTα (Selleck Chemicals, Houston,
TX, USA) 1 h before UVB irritation. The cells in the vector, TRIM69 OE,
and TRIM69 OE + p53 OE groups were transduced with vector,
TRIM69 OE, and TREIM69 OE plus p53 OE 24 h before UVB irritation.
The control group received only UVB exposure.

To explore the role of ROS, we divided HLECs into three groups:
control, cells without UVB exposure; UVB, cells subjected to 2W/m2 of
UVB for 10 min; and UVB + N-acetyl-L-cysteine (NAC), cells treated
with 10mM NAC (Selleck Chemicals, Houston, TX, USA) for 1 h, then
exposed to 2W/m2 of UVB for 10min.

2.6. Inhibition of TRIM69 and Foxo3a expression

Short hairpin RNA (shRNA) oligonucleotides targeting TRIM69
(TRIM69#1, CCGGTCCAGGCGACTATGTTGAAACTCGAGTTTCAACAT
AGTCGCCTGGTTTTTG; TRIM69 #2, CCGGTGCATGGAGAGAACCTGA
AACTCGAGTTTCAGGTTCTCTCCATGC TTTTTG; TRIM69#3, CCGGTC
CTGAAACTGTTCAGTAAACTCGAGTTTACTGAACAGTTTCAGGTTT
TTG; and TRIM69#4, CCGGTCCTATCCAGTACATGGTATCTCGAGATA
CCATGTACTGGATAGGTTTTTG) and Foxo3a (Foxo3a#1, CCGGTCGA
GGAGGAGGACGATGAACTCGAGTTCATCGTCCTCCTCCTCG TTTTTG;
Foxo3a#2, CCGGTGCTGCTGCAGCCTCAGCAACTCGAGTTGCTGAGGC
TGCAGCAGC TTTTTG; and Foxo3a#3, CCGGTCCATGGACAATAGCAA
CAACTCGAGTTGTTGCTATTGTCCATGG TTTTTG) were cloned into
AgeI- and EcoRI-digested pLKO.1 (Addgene, Cambridge, MA, USA). The
shRNA constructs were transfected into 293T cells along with packa-
ging plasmids (psPAX2 and pMD2.G; Addgene, Watertown, MA, USA)
with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer's protocol. At 48–72 h post-transfection, lentiviruses
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were collected to transduce HLECs.

2.7. Flow cytometry analysis of apoptosis and ROS production

After the indicated treatments, the HLECs were collected. For ana-
lysis of apoptosis, the HLECs were stained with Annexin V-fluorescein
isothiocyanate (FITC) and propidium iodide (PI) (Beyotime, Shanghai,
China) for 15min. For detection of ROS, the HLECs were incubated
with RPMI-1640 medium containing 10 μM 2′,7′-
Dichlorodihydrofluorescein diacetate (DCFH-DA) (Beyotime) and di-
hydroethidium (DHE) at 37 °C for 20min as previously described
[27–30]. After incubation, all samples were analyzed by flow cytometry
(BD Biosciences, Franklin Lakes, NJ, USA). The cells stained positive
with Annexin V and negative with PI were undergoing apoptosis.

2.8. Immunoprecipitation

Cell lysates were incubated with anti-TRIM69 (Ab111943; Abcam),
anti-p53 (Ab26; Abcam), or IgG at 4 °C for 2 h, then incubated with
protein G agarose beads (Roche, Indianapolis, IN, USA) at 4 °C for 1 h.
Subsequently, immunoprecipitates were washed three times with Radio
Immunoprecipitation Assay (RIPA) lysis buffer, collected by cen-
trifugation, resuspended in SDS-PAGE sample buffer, and analyzed with
western blot assays.

2.9. Dual luciferase reporter assays

HLECs were seeded in six-well plates and cultured overnight. The
cells were transfected with pGL3-basic plasmid (Promega, Madison, WI,
USA) containing TRIM69 and pRL-TK promoters (Promega) with
Lipofectamine 2000, then transduced with Foxo3a OE/Vector or shNC/
shFoxo3a#2. At 48 h after treatment, luciferase activity (Firefly and
Renilla) was determined with the dual luciferase reporter assay system
(Promega) according to the manufacturer's protocol.

2.10. Statistical analysis

Experiments were independently repeated three times, and the data
are presented as the mean ± Standard Deviation (SD). One-way ana-
lysis of variance was performed in SPSS 17.0 software. A P < 0.05 was
considered to indicate a statistically significant difference.

3. Results

3.1. TRIM69 and p53 are involved in cataract formation

We first evaluated the levels of TRIM69 and p53 proteins in catar-
acts and normal capsule tissues by using a western blot assay. The levels
of TRIM69 protein were lower in cataract lens anterior capsules than in
normal controls, whereas the p53 levels were higher (Fig. 1A). We also
determined the levels of TRIM69 and p53 protein in HLECs treated with
UVB (0.5, 1, 2, or 4W/m2) for 10min. UVB exposed cells, compared
with to non-irradiated HLECs (control), showed suppressed TRIM69
expression and enhanced p53 expression in a dose-dependent manner
(Fig. 1B). These findings suggested that TRIM69 and p53 levels are
strongly correlated with cataract formation.

3.2. Overexpression of TRIM69 decreased cell apoptosis, p53 expression,
and ROS production after UVB irradiation

UVB irradiation induces HLEC apoptosis, an early event during the
development of cataracts [8,11]. To determine the role of the TRIM69
gene in UVB-induced apoptosis of HLECs, we elevated TRIM69 ex-
pression through lentivirus transduction. HLECs were transduced with

TRIM69-overexpressing lentivirus (TRIM69 OE) or vector virus. Fig. 2A
showed that the expression of TRIM69 protein in the TRIM69 OE group
was higher than that in the vector group, whereas the level of TRIM69
protein in the vector group was similar to that in the control group
(untreated cells).

Then, HLECs transduced with vector or TRIM69 OE were exposed to
2W/m2 of UVB for 10 min. Cell apoptosis was assessed with Annexin V-
FITC/PI staining 24 h after UVB irradiation. UVB exposed cells, com-
pared with control cells, showed significantly induced cell apoptosis.
The percentage of apoptotic cells in the TRIM69 OE + UVB group was
less than that in the vector + UVB group (Fig. 2B). p53 and apoptosis-
regulated proteins (Bax and Bcl-2) were also analyzed with a western
blot assay (Fig. 2C). p53 and the pro-apoptotic factor Bax were elevated
by UVB exposure and suppressed by TRIM69 overexpression, whereas
an opposite trend was observed in expression of the anti-apoptotic
factor Bcl-2. These data suggest that elevated expression of TRIM69
attenuates HLEC apoptosis caused by UVB exposure.

UVB irradiation induces the generation of ROS, which may be as-
sociated with UVB irradiation induced-apoptosis [6,7]. ROS production
was assessed with DCFH-DA and DHE staining and flow cytometry
analysis. Both the fluorescence intensities were significantly increased
by UVB irradiation, and were markedly decreased by TRIM69 over-
expression (Fig. 2D and E). These findings indicated that UVB-induced
ROS production in HLECs decreases after overexpression of TRIM69.

Fig. 1. TRIM69 and p53 involved in cataract formation. (A) Western blot re-
sults of the relative levels of TRIM69 and p53 protein in cataracts (C1–C4) and
normal (N1–N4) capsule tissues. The band intensity was determined by Image J
software (http://rsb.info.nih.gov/ij/, Bethesda, MD, USA) (lower panel).
***P < 0.001. (B) Western blot results of the relative levels of TRIM69 and
p53 protein in HLECs exposed to UVB (0.5, 1, 2, or 4 W/m2) for 10min. HLECs
without UVB irradiation served as the control.
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3.3. Inhibition of TRIM69 expression-induced apoptosis, p53 expression,
and ROS production in HLECs

To further study the role of TRIM69 gene in HIEC apoptosis and ROS
production under normal conditions, we knocked down TRIM69 ex-
pression through lentivirus transduction. As shown in Fig. 3A, all four

TRIM69 shRNAs suppressed expression of TRIM69 protein in HLECs.
Because TRIM69#1 and TRIM69#2 had better knockdown efficiency,
we selected them for further experiments. Annexin V-FITC/propidium
iodide staining (Fig. 3B), western blot analysis of apoptosis-regulated
proteins (Fig. 3C), and DCFH-DA (Fig. 3D) and DHE staining (Fig. 3E)
indicated that TRIM69#1 and TRIM69#2 induced HLEC apoptosis and

Fig. 2. Overexpression of TRIM69 decreased cell apoptosis,
p53 expression, and ROS production caused by UVB irra-
diation. (A) HLECs were transduced with TRIM69-over-
expression virus (TRIM69 OE) or control vector virus
(vector). Expression of TRIM69 protein was determined
with western blot assays at 48 h of culture. HLECs were
transduced with TRIM69 OE or vector for 24 h, then sub-
jected to UVB irradiation (2W/m2) for 10 min. (B) After
24 h of culture, Annexin V-FITC/PI staining was performed
to analyze cell apoptosis. (C) Western blot assays were used
to detect the expression of p53, Bax, and Bcl-2 protein. (D,
E) DCFH-DA (D) and DHE (E) staining was performed to
analyze ROS production. ***P < 0.001 vs. control;
###P < 0.001 vs. vector + UVB.
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ROS production. p53 expression was also induced by TRIM69#1 and
TRIM69#2.

3.4. TRIM69 interacted with p53 protein and induced ubiquitination

The TRIM family proteins have been reported to possess E3 ligase
activity for p53 [22–25]. The above results showed that TRIM69

overexpression decreased the levels of p53 protein in UVB-treated
HLECs, whereas TRIM69 knockdown increased p53 protein expression.
These findings prompted the question of whether TRIM69 might be an
E3 ligase for p53 in HLECs. Immunoprecipitation (IP) experiments with
anti-TRIM69 and anti-p53 (Fig. 4A) showed that TRIM69 and p53 forms
a complex in HLECs. Additionally, TRIM69 overexpression clearly en-
hanced the ubiquitination of p53 (Fig. 4B), thus providing a preliminary

Fig. 3. Inhibition of TRIM69 expression induced apoptosis, p53 expression, and ROS production in HLECs. (A) HLECs were transduced with TRIM69 (TRIM69#1∼4)
or control shRNA virus (shNC). Expression of TRIM69 protein was determined with western blot assays at 48 h of culture. HLECs were transduced with TRIM69#1,
TRIM69#2, or shNC for 48 h. (B) Annexin V-FITC/PI staining was performed to analyze cell apoptosis. (C) Western blot assays were used to detect the expression of
p53, Bax, and Bcl-2 protein. (D, E) DCFH-DA (D) and DHE (E) staining was performed to analyze ROS production. ns: not significant; ***P < 0.001 vs. control.

Fig. 4. TRIM69 interacted with p53 protein and induced
ubiquitination. (A) HLEC lysates were immunoprecipitated
(IP) with anti-TRIM69 or anti-p53, and western blot analysis
was carried out as indicated. IgG was used as a negative
control for IP. (B) HLECs were transduced with TRIM69 OE
or vector for 48 h. HLEC lysates were subjected to IP with
anti-p53, and western blot analysis was performed with
anti-Ub. Half-open square bracket indicates the bands of
ubiquitinated p53 (Ub-p53).
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Fig. 5. p53 mediated the effects of TRIM69 in UVB-induced cell apoptosis and ROS production. HLECs were divided into the following five groups and treated as
described in the Materials and Methods section before UVB irradiation: control; PFTα; vector; TRIM69 OE; and TRIM69 OE + p53 OE. (A) Cell apoptosis was
detected with Annexin V-FITC/PI staining. (B, C) ROS production was assessed with DCFH-DA (B) and DHE (C). (D) Western blot assays were used to detect the
expression of p53, Bax, and Bcl-2 protein. ***P < 0.001 vs. control, ###P < 0.001 vs. PFTα, &&&P < 0.001 vs. TRIM69 OE.
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explanation for the mode of TRIM69's regulation of p53.

3.5. p53 mediated the effects of TRIM69 in UVB-induced cell apoptosis and
ROS production

We then sought to assess the function of p53 in UVB-induced cell

apoptosis and ROS production. HLECs were pre-treated with a p53 in-
hibitor (PFTα), then subjected to UVB irradiation. PFTα significantly
attenuated cell apoptosis (Fig. 5A), ROS production (Fig. 5B and C), and
p53 expression (Fig. 5D) in response to UVB treatment. Furthermore,
the effects of TRIM69 overexpression in UVB-induced cell apoptosis and
ROS production were clearly weakened by p53 overexpression, thus

Fig. 6. Inhibition of ROS mitigated the
effects of UVB irradiation on ROS pro-
duction, cell apoptosis, and TRIM69
expression. HLECs were divided into the
following three groups and treated as
described in the Materials and Methods
section: control; UVB; and UVB + NAC.
(A, B) ROS production were assessed
24 h after UVB irradiation. (C) Cell
apoptosis was assessed 24 h after UVB
irradiation. (D) Protein expression was
assessed 24 h after UVB irradiation. (E)
HLECs were transduced with Fox3a
overexpressing (Foxo3a OE)/vector or
Fox3a shRNA (shFox3a#2)/control
shRNA (shNC) and transfected with the
TRIM69 promoter plasmid. The activity
of the TRIM69 promoter was measured
with dual luciferase reporter assays.
***P < 0.001 vs. control,
###P < 0.001 vs. UVB; &&&
P < 0.001 vs. vector; $$$P < 0.001
vs. shNC.
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suggesting the involvement of p53 in TRIM69 functions.

3.6. Inhibition of ROS mitigated the effects of UVB irradiation on ROS
production, cell apoptosis, and TRIM69 expression

Oxidative stress has been reported to be associated with UVB irra-
diation induced-apoptosis [6,7]. HLECs were pre-treated with NAC,
which directly scavenges ROS [31], before UVB exposure. NAC sig-
nificantly decreased ROS production (Fig. 6A and B) and cell apoptosis
(Fig. 6C) in response to UVB irradiation.

Foxo3a, a member of the forkhead transcription factor superfamily,
has been reported to be associated with ROS [32]. Analysis based on
PROMO (http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.
cgi?dirDB=TF_8.3) predicted that Foxo3a is a putative transcription
factor for TRIM69. A western blot assay showed that Foxo3a phos-
phorylation increased in UVB-treated cells, and this effect was wea-
kened by NAC pre-treatment (Fig. 6D). TRIM69 expression was higher
in NAC- and UVB-treated cells than in UVB-treated cells, in which p53
expression was lower. We then elevated and knocked down Foxo3a
expression through lentivirus transduction (Fig. S1). A Dual luciferase
reporter assay (Fig. 6E) showed that the promoter activity of TRIM69
was inhibited by Fox3a knockdown but enhanced by Foxo3a over-
expression. These data suggested the existence of a positive feedback
loop among TRIM69, ROS, and Foxo3a that may be important in UVB-
induced cell apoptosis in HLECs.

4. Discussion

TRIM69 belongs to the TRIM family, most members of which have
E3 ubiquitin ligase activity [21]. The human TRIM69 gene was first
cloned from a testis cDNA library and described to function as a ubi-
quitin E3 ligase via the RING finger domain [19]. The functions of
human TRIM69 are poorly understood. Mouse Trim69 co-localizes with
promyelocytic leukemia protein and induces HEK293 cell apoptosis
[33]. Zebrafish TRIM69 regulates embryo development via down-reg-
ulation of the c-Jun and p53 pathways [26,34]. In the present study, we
found that the expression of TRIM69 protein was down-regulated in
cataract lens anterior capsules (Fig. 1A). In agreement with the above
results, TRIM69 expression was lower in UVB-exposed HLECs than in
control cells (Fig. 1B). In addition, p53 expression was up-regulated in
cataract lens anterior capsules and UVB-treated HLECs, in agreement
with results from a previous study [18]. These findings suggest a strong
correlation among TRIM69, p53, and cataract formation.

UVB irradiation efficiently induces HLECs apoptosis, which is an
early event during cataract development [8,11]. The Bcl-2 family pro-
teins, the anti-apoptotic factor Bcl-2, and the pro-apoptotic factor Bax
play key roles in cataract formation [11]. To validate the functions of
TRIM69 in vitro, we constructed lentiviral vectors to elevate or knock
down TIRM69 expression. As expected, overexpression of TRIM69 at-
tenuated the effects of UVB irradiation on cell apoptosis, Bcl-2/Bax
expression, and ROS production caused by UVB irradiation (Fig. 2),
whereas knocking down TRIM69 expression promoted cell apoptosis
and ROS production (Fig. 3). A significant elevation of Bax has been
observed in zebrafish embryos with TRIM69 knockdown [26]. In-
creasing mouse Trim69 expression significantly increases the ratio of
Bax-to-Bcl-2 in HEK293 cells [33]; however, our data on the expression
of Bcl-2/Bax were inconsistent with those from the above studies,
possibly because of species differences. Together, these data indicate
that TRIM69 acts as an inhibitory factor during cataractogenesis. Novel
pharmacological agents targeting TRIM69 may benefit for the treat-
ment of UVB induced cataract formation.

p53 has been suggested to be closely involved in the pathogenesis of
cataracts. Several TRIM family proteins possess E3 ligase activity for
p53 [22–25]. Our data showed that TRIM69 overexpression decreased
p53 protein expression in UVB-treated HLECs (Fig. 2C), whereas
TRIM69 knockdown increased p53 protein expression (Fig. 3C).

TRIM69 formed a complex with p53 (Fig. 4A) and induced p53 ubi-
quitination in HLECs (Fig. 4B). Furthermore, the p53 inhibitor PFTα
significantly attenuated cell apoptosis (Fig. 5A), p53 expression
(Fig. 5D), and ROS production (Fig. 5B and C) in response to UVB
treatment, results consistent with those from a previous study involving
p53 small interfering RNA [18]. The effects of TRIM69 overexpression
in UVB-exposed HLECs were clearly decreased by p53 overexpression,
thus suggesting that p53 mediates the functions of TRIM69 in catar-
actogenesis.

UVB can efficiently induce ROS production [6,7]. The ROS inhibitor
NAC decreased UVB-induced cell apoptosis (Fig. 6C), thus suggesting
that ROS is associated with UVB induced-apoptosis. Foxo3a is an im-
portant transcription factor acting in response to ROS. Foxo3a becomes
inactivated when it is phosphorylated at serine 253 [32]. Here, UVB
irradiation increased p-Foxo3a, whereas ROS scavenging decreased p-
Foxo3a in UVB-treated HLECs. It has been reported that ROS could
activate AMP-activated protein kinase (AMPK), leading to Foxo3a in-
activation [35,36]. Further study will be needed to determine whether
AMPK signaling involves in the ROS-inactivated Foxo3a. Moreover, we
found that Foxo3a transcriptionally regulated TRIM69 expression, ac-
cording to dual luciferase reporter assays (Fig. 6E). Thus, UVB exposure
inactivated Foxo3a by increasing ROS production. The decreased
Foxo3a activity then caused down-regulation of TRIM69, thus leading
to subsequent downstream cellular responses. Novel therapeutics based
on targeting Foxo3a may also benefit for the treatment of UVB induced
cataract formation.

Altogether, our results suggested that TRIM69 and p53 are closely
involved in cataract formation. TRIM69 inhibited UVB-induced cell
apoptosis and ROS production in HLECs by inducing p53 ubiquitina-
tion. Our data also revealed that Foxo3a, which is inactivated by ROS, is
a potential transcription factor for TRIM69. These findings offer new
insights into the molecular mechanisms associated with cataractogen-
esis and treatment strategies for cataracts.
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