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USP22 down-regulation facilitates human
retinoblastoma cell aging and apoptosis
via inhibiting TERT/P53 pathway
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Abstract. - OBJECTIVE: Retinoblastoma is
the most common malignant intraocular tumor
in childhood, and still lacks effective treatment.
The immortality of tumor cell can be attributed
to elevated telomerase activity, which has been
considered as tumor marker and treatmen
get. USP22 is one of the important targets f
hibiting tumor growth, but clear illustration
garding its effects of telomerase, tumor cell
mortality and retinoblastoma cell agi
tosis via suppressing TERT/P5
remains to be elusive.
MATERIALS AND METH
for describing cell proli

lastoma cell proliferation/aging
poptosis. The reduction of USP22 expres-
jlitated human retinoblastoma cell aging
or ap®ptosis via suppressing TERT/P53 signal
pathway. USP22, thus, may work as a target for
treating retinoblastoma.
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is a kind of malignant tumor
ryonic retinoblastoma, and is

family inheritance. Currently, major
approaches for retinoblastoma include
resection of the eyeball or conservative
treatment, although both efficacy and prognosis
need to be further improved. Tumor cell immor-
talization is one of the most distinguished features
apart from normal cells. The possible reason is
elevated telomerase activity, which has been re-
alized as a tumor marker and satisfactory target
of tumor treatment'. Telomere is a protein-DNA
complex at chromosome ending, and can be short-
ened with repeated mitosis under normal circum-
stance to induce cell aging®®. The inhibition of
telomerase activity can impede tumor cell im-
mortalization. Moreover, differential expression
of telomerase between cancer cell and normal cell
could reduce toxic effects of drugs*’. Ubiquitin
specific proteinase 22 (USP22) belongs to novel
human de-ubiquitination gene with the function of
predicting human cancer metastatic potency and
treatment outcomes®. Previous studies™® showed
that abnormal expression of USP22 was correlated
with prognosis of infiltrative breast cancer or col-
orectal carcinoma. USP22 can modulate various
cellular functions including cell growth/differen-
tiation and cycle regulation, and is correlated with
cellular gene transcriptional activation and signal
transduction®!!. Another study'? showed that the
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silence of USP22 gene inhibited prostate cancer
cell proliferation and induced cell cycle arrest.
USP22 depletion also facilitated human brain glio-
ma cell apoptosis'®. USP22, as an important target
of tumor growth inhibition, however, requires to
be further studied regarding its role in facilitating
human retinoblastoma cell aging or apoptosis via
suppressing TERT/P53 signal pathway. This study
aimed to observe the effect of USP22 on TERT/
P53 signal pathway, and its effects on retinoblas-
toma cell DNA damage, apoptosis and telomerase
activity. The knowledge of USP22 in tumor cell
aging and apoptosis may provide evidence for
clinical exploration of novel drug target against
intraocular tumors.

Materials and Methods

Reagents and Drugs

MTT reagent was purchased from Sigma-Al-
drich (St. Louis, MO, USA). One-step RT-qPCR
kit was purchased from Quanshijin Bio (Bei-
jing, China). Dulbecco’s Modified Eagle Medium
(DMEM), fetal bovine serum (FBS) and
antibiotics were purchased from Gibco (
ville, MD, USA). Human gastric cancer cell
MGC 803 was purchased from Cell Bank

chased from Abcam (Ca
Goat anti-rabbit IgG (H+
were purchased from
bei, China). Lentlv'
purchased from
Annexin V-Prgogi

EK293T cell was purchased
of Chinese Academy of Sci-
Beljmg, China). Lipofectamine 2000 trans-
eagent was purchased from Invitrogen
¥ad, CA, USA).

Cell Culture

Human retinoblastoma cell line HXO-Rb,,
was purchased from the Tumor Institute, Har-
bin Medical University. Cells were cultured in
1640 medium containing 10% fetal bovine se-
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rum (FBS), 100 U/mL penicillin and 100 pg/mL
streptomycin in a 37°C incubator with 5% CO, in
suspension. Cell morphology and growth status
were observed under an inverted phase contrast-
ed microscope. Those cells at log-growth phase
were used for experiments.

Lentiviral Transfection
Lentiviral vector for USP22

gene sequence (Jikai Gene,
was sub-cloned into pG
Age I/EcoR1 sites. Wh

enriched
fuge, and

6-well plate. When
, lentivirus was added
gr. On the next day, normal cul-
sed for observing transfection
uorescent microscope.

lastoma cells at log-growth phase were
f and inoculated into 96-well plate (100 puL
each well). After transfection by lentiviral vector
for USP22 knockdown or over expression for 6 h,
the plate was centrifuged, and normal medium was
added for 18 h incubation. Each group included 8
paralleled replicated wells. After 24 h incubation,
each well was added with 10 pL. MTT solution
for 4 h continuous incubation. Under microscopic
observation, violet crystal was formed. The su-
pernatant was discarded, with addition of 150 pL
triple buffer into each well for mix well to solve
the crystal. After 12-15 h, absorbent values were
measured at 490 nm for calculating cell viability.

Western Blot

Retinoblastoma cells after transfection were cen-
trifuged and were mixed with 100 pL lysis buffer
(including proteinase inhibitor, phenylmethylsulfo-
nyl fluoride (PMSF), phosphatase inhibitor). After
homogenization, the mixture was centrifuged at
14000 g for 10 min. The supernatant was collected
to obtain the whole protein solution. After add-
ing equal volume of loading buffer, the mixture
was boiled for 5 min for denaturing. The sample
was loaded into sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and
was transferred to polyvinylidene fluoride (PVDF)
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membrane, which was blocked in defatted milk
powder for 1 h. Antibody against USP22 (1:1000),
p53 (1:1000), TERT (1:1000) and GAPDH (1:1000)
was used for hybridization at 4°C overnight. After
Tris-buffered saline (TBS) rinsing for three times,
secondary antibody diluted at 1:1000 was added
for 37°C incubation for 1 h. ECL development was
the performed.

Total cell RNA Extraction and
Real-time qPCR

All cells were cultured for 48 h after trans-
fection. Culture medium was removed, and cells
were washed with phosphate-buffered saline
(PBS) for three times. 1 mL Trizol was added
to each well for 5 min iced incubation. Pipette
tip was used for homogenization. Lysate from
each well was collected and mixed with 200 pL
chloroform for 15 s rough mixture. After room
temperature incubation for 3 min, the mixture
was centrifuged at 12000 g at 4°C for 15 min. The
upper aqueous phase was carefully transferred
and mixed with 500 pL isopropanol for 10 min
room temperature incubation. By 4°C centrifuga-
tion at 12000 g, the supernatant was discarde
triple washing in 1 mL ethanol. The supern
was carefully removed eventually, and mR'
was re- -suspended in 20 uL DEPC water. US

prirner, 5’-ATCTC CGTCC ’
vere primer, 5’-ATCTC C
GAPDH was used as i
primer, 5-TGACT
A-3’; reverse pri
GCCAA A-3".
in a 50 uL
Reaction

lifying curve and melt-
were confirmed. Ct values

ence gene. Gene expression was
uan‘uﬁed by 244 method.

Doptosis Assay

Cell apoptosis was tested by AV-PI staining.
Cells were inoculated into 6-well plate. After
transfection using lentivirus, cells were centri-
fuged and changed for normal culture medium.
AV and PI staining buffer were sequentially add-
ed for iced dark incubation in 10 min. Cells were

then loaded into FACS Calibur flow cytometry
(BD, San Jose, CA, USA) for online testing. All
experiments were repeated for three times.

Telomerase Activity Assay

This study utilized telomer repeated amplifica-
tion method to test telomerase activity' i
cells were precipitated in CHAPS
containing nuclease inhibitor for
30 min. Cell extracts (1 mg) were
merase substrate (TS) primer

Peze mixture. TS pri
for 30 min, followed

purchased from Kaiji
was paved following
, Wi e addition of gel con-
suspension. When the gel was
rslip was carefully removed.
as immersed in pre-cold cell
h incubation. After balancing in
the slide was placed in horizontal electro-
ank filled with alkaline electrophoresis
he mixture was denatured in the dark for
30 min, and was separated under 25 V, 300 mA
current for 25 min. EB staining dye was added
followed by coverslips, and observation under
fluorescent microscope.

p-galactosidase Staining

Cellular B-galactosidase staining kit was pur-
chased from Kaiji (Shanghai, China). Cells were
collected by centrifugation. After rinsing in phos-
phate-buffered saline (PBS), 1 mL B-galactosi-
dase fixation buffer was added for room tempera-
ture incubation for 10 min. Cell fixation buffer
was removed by centrifugation, and cells were
washed with phosphate-buffered saline (PBS) for
three times (3 min each). The supernatant was
discarded, and each tube was added with 0.5 mL
staining working solution for 37°C overnight in-
cubation. On the second day, staining cells were
added onto glass slides for observation under
light field microscope.

8-OHdG Assay

Intracellular 8-OHdG assay was performed
using enzyme-linked immunosorbent assay. The
kit was provided by Xitang Biotech (Shanghai,
China) following manual instruction.
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Statistical Analysis

Experimental data were obtained from at least
three independent experiments and data were
presented as meantstandard deviation (SD).
Comparison between two groups was performed
by student #-test. Comparison among multiple
groups was performed by analysis of variance
(ANOVA), followed by SNK approach between
two groups. Statistical significance was defined
when p < 0.05.

Results

Change of USP22 RNA Level

After infection by recombinant lentivirus of
over-expression or knockdown of USP22, qPCR
was used to test USP22 RNA expression level. As
shown in Figure 1, over-expression lentivirus vec-
tor significantly up-regulated USP22 expression,
whilst USP22 knockdown lentivirus remarkably
suppressed USP22 RNA expression, with signif-
icant difference compared to blank control group
(p<0.01). These results proved that recombinant
lentivirus vectors were successfully constr
and effectively enhanced or suppressed U
RNA level.

USP22, TERT and P53 Protei
Expression Level
We then used Western
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f USP22 Up-Regulation and
-Regulation on Cell Proliferation
Subsequently, MTT assay was performed to
describe cell proliferation. Results showed (Figure
3) that the increase of USP22 level promoted cell
proliferation whilst knockdown of USP22 remark-
ably suppressed proliferation level. These results
indicated that the up-regulation of USP22 was cor-
related with enhancing cell proliferation potency.
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Figure 2. Effects of USP22 knockdown and over-expression on USP22, TERT and p53 protein expression. **, p <0.01 compared

to blank control group.
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Figure 3. Effects of USP22 on cell proliferation. **, p <0.01
compared to blank control group.

Telomerase Activity Change
In an assay for telomerase activit
that the rise of USP22 level enhang

telomerase activity, which shg
ference compared to the
in Figure 4.

ell apoptosis. As shown in
on of USP22 signifi-

we also found significantly de-
d level of such DNA damage products
2 over-expression group, whilst DNA
® was elevated in USP22 knockdown
group (Figure 5B). Similar results were ob-
tained in comet assay, insignificant “tail-drag-
ging” pattern was found in USP22 over-ex-
pression group, which was enhanced in USP22
knockdown group (Figure 5C). These results
manifested that the suppression of USP22 could

weaken cell proliferation and enhance cellular
DNA injury, thus may exert inhibitor roles on
cancer cells.

Effects of USP22 knockdown or
Overexpression Lentivirus on Cell Aging
Using cellular B-galactosidase staining i

e conservative treat-
of eyeball. The prognosis is,
ctory, leading to the require-

was a critical target for the suppres-
umor growth in cells, and telomerase

of cancer cells. However, in retinoblastoma cell
line, whether USP22 can facilitate retinoblas-
toma cell aging or apoptosis via suppression
TERT/P53 signal pathway has not been report-
ed. This study thus used lentiviral infection to
up-regulate and down-regulate USP22 RNA and
protein expression level, for the study of the role
of USP22 on TERT/P53 signal pathway and on
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Figure 4. Effects of USP22 knockdown and over-expression
lentivirus transfection on telomerase activity. **, p < 0.01
compared to blank control group.
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Figure 5. Effects of USP22 knockdown or over-expression lentivirus on cell apoptosis and DNA damage. **, p <0.01 compared
to blank control group.
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cancer cell behavior. Our results showed that
in retinoblastoma cell line, down-regulation of
USP22 inhibited TERT/P53 pathway, decreased
telomerase activity, weakened cell proliferation
potency, and facilitated cell aging, apoptosis
or DNA damage. Increasing evidence showed
critical functions of USP22 in pathology pro-
gression, and can work as markers for cancer
treatment or prognosis with promising fut
In this study, we found that in retinoblas
cells, USP22 expression was correlated with
proliferation, aging and apoptosis_behavio

tate cell aging or apoptosi
might be served as a di

was up-regulat-
t and lower S

lines. It
eXdi ion

apopt®8is related proteins via transcriptional and
translational regulation, our study still provided
evidences for the activity of USP22 in retino-
blastoma cell apoptosis mechanism. A previous
study has shown that USP22 expression could
affect cell proliferation or cycle and led to tumor
cell immortalization due to elevated telomerase
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Figure 6. Effects of USP22 knockdown and overexpression lentivirus on cell aging.

cell and normal cell
centration of telomerase de-
ity or adverse effects?®. Previ-
emonstrated that activation of
1 pathway could enhance telo-
ase activity and decrease expression, thus
ing cell proliferation via the modulation
cycle. However, the exact mechanism
of USP22 on signal pathway still requires fur-
ther researches. Moreover, treatment effects on
USP22 or TERT on retinoblastoma are still to be
further elucidated.

Conclusions

USP22 played an important role in prolifer-
ation, aging and apoptosis of retinoblastoma.
The decrease of USP22 expression can facilitate
human retinoblastoma cell aging and apoptosis
via the inhibition of TERT/P53 signal pathway.
USP22 thus may work as a potential treatment
target against retinoblastoma.
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