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Abstract
e AIM:To study the inhibition of nuclear factor kappa-B

p65 (NF-«B p65) antisense oligodeoxynucleotide (ASODN)
on transdifferentiation of normal human lens epithelial
cells induced by transforming growth factor-p2 (TGF-p2)
/n vitro.

e METHODS: NF—« B p65 ASODN and NF-x B p65 missense

oligodeoxynucleotide @~ (MSODN) were designed and
synthesized. Human lens epithelial cell line (HLE B -3)
cells were prepared for study and divided into 7 groups.
Control group was HLE B -3 cells cultured /7 wvio in
dulbecco’s modified eagle medium (DMEM). T1, T2, and
T3 group were HLE B-3 cells cultured 77 vizzoin DMEM
with 10 ng/mL TGF-B2 for 6h, 12h, 24h respectively. A+T
group was HLE B-3 cells cultured with 10 ng/mL TGF-32
for 24h after transfected by NF-xB p65 ASODN for 24h.
M+T group was HLE B -3 cells cultured with 10 ng/mL
TGF-p2 for 24h after transfected by NF-«xB p65 MSODN
for 24h. The negative control group was HLE B-3 cells
cultured with 10 ng/mL TGF -2 for 24h after cultured
with transfer agent (HiPerFect) for 24h. Cell morphology
was observed at different time points using an inverted
microscope. The expression of NF -kB p65 mRNA was
detected with reverse transcription —polymerase chain
reaction (RT-PCR), and the expression of o -smooth
muscle actin (c—SMA) protein was assayed with ELISA.

e RESULTS: With the TGF-p2 stimulation prolongation,
the expression of NF-kB p65 mRNA and a-SMA protein
increased in T1, T2, T3 groups compared with the control
group, and the difference was statistically significant
(P<0.05). NF-xB p65 ASODN lowered the expression of
NF-«xB p65 mRNA and «a-SMA protein induced by TGF-2.
NF -kB p65 MSODN and HiPerFect did not lower the
expression of NF —-kB p65 mRNA and o -SMA protein
induced by TGF -p2. The difference between control
group and A+T group was not statistically significant
(A~>0.05), but the difference among A+T group and other
groups was statistically significant ( £<0.05).

e CONCLUSION: NF -kB p65 ASODN could lower the
expression of NF —-kB p65 mRNA and o -SMA protein
induced by TGF-B2, and antagonized TGF -2 -induced
transdifferentiation of HLE B -3 /7 wi#a NF -xB p65
ASODN could be used as a new biological therapeutic
target of posterior capsular opacification.
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INTRODUCTION

osterior capsular opacification (PCO) refers to the lens
P capsule opacification after the extracapsular cataract
extraction or ultrasonic phacoemulsification, and is the most
common complications of modern cataract surgery which
may lead to vision loss. The proliferation, migration and
differentiation of postoperative residual lens epithelial cells
in the posterior capsular membrane are the main reasons for
the formation of PCO . Park es 2/ ¥ found that nuclear
(NF-kB) seems to be related to the
proliferation, migration of lens epithelial cells.

factor kappa-B

Antisense oligodeoxynucleotide (ASODN) was a synthetic

nucleotide, and can effectively regulate gene expression by

inhibiting translation, maturation, or blocking transcription,
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which had been widely used in many fields. ASODN of
STAT6 could inhibit the allergic airway inflammation by
transfecting of lung epithelial cells®. ASODN of STATS had
been testified effectively in treating certain leukemias/
lymphomas ™. Both phase I study of the c-raf-1 antisense
oligonucleotide and phase II study of the GTI-2040 antisense
oligonucleotide had proven the efficacy of ASODN as
targeted therapy in preclinical studies and been able to
modulate target protein's expression 5. Li e/ 2/ found that
NF-kB p65 ASODN can inhibit gastric tumors proliferation
and induce apoptosis of tumor cells 7z wvo and 7 vizre
Zhou ez a/ ™ found that NF-kB p65 ASODN can inhibit
fibrosis of liver cells zz vva
ASODN had also been studied extensively in the field of
ophthalmology. ASODN can affect the lens cells and corneal
cells % NF-kB ASODN can effectively inhibit graft
rejection and prolong the survival time of corneal allografts"”.
The inhibitors of NF-kB could block lens epithelial cells
migration from the equatorial to the posterior capsule M.
Here, we examined the impact of NF-kB p65 ASODN on
the transdifferentiation induced by transforming growth
factor-B2 (TGF-B2) in Human lens epithelial cell line (HLE
B-3) cells zz vizzo, and studied the gene therapy of PCO
experimentally.
MATERIALS AND METHODS
Culture of Human Lens Epithelial Cell Line The HLE
B-3 cell line was obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). The cells (2x10°
cells/well) were cultured in 24-well plates in dulbecco's
modified eagle medium (DMEM) including 10% inactivated
fetal bovine serum (FBS) in a humidified 5% CO, incubator
at 37°C . When the cells reached 80% confluence, the culture
medium was replaced with serum-free medium (SFM).
Cultivated for another 24h in FSM, the cells achieved
synchronization for experiment. Coverslips of 0.8x0.8-cm” size
were placed in 6 well plates, the HLE B-3 cells (2x10° cells/well)
were cultured in it to produce the cell climbing pieces.
Human Lens Epithelial Cell Line Cultured with
Transforming Growth Factor—f2 Cultivated in FSM for
24h, 10 ng/mL TGF-B2 was added to the culture medium.
The cell morphology was observed and the cells were
collected after cultured 6, 12, and 24h. The HLE B-3 cells
cultured with 10 ng/mL TGF-B2 for 6h was the T1 group,
for 12h was the T2 group, and for 24h was the T3 group.
The HLE B-3 cells cultured in FSM were the control group.
Synthesis of Antisense Oligodeoxynucleotide and
Missense Oligodeoxynucleotide In search of the full-length
sequence of human NF-kB p65 mRNA in National Center
for Biotechnology Information (NCBI), its ASODN and
MSODN sequence were synthesized according to the
literature . ASODN's sequence is 5'GGG GAA CAG TTC
GTC CAT GGC 3', MSODN's sequence is 5'GTA CGC
30

GGT GAA GCTGCG ATC 3'. According to the Gene Bank,
ASODN and MSODN had no homology with other genes
besides NF-kB p65 gene. They were synthesized by
Shanghai Biological Engineering Company (China) with
phosphorothioate modification technology followed by
PAGA purification.

Transfection of the Human Lens Epithelial Cell Line
Cells would be 80% confluence at the time of transfection.
Transfer agent (HiPerFect) was mixed with ASODN and
MSODN in FSM, respectively. The final concentration of
ASODN and MSODN was 5 nmol/L, and the volume of
HiPerFect was 3.0 wL. The mixer added to each well and the
cells were co-cultured for 24h. Then 10 ng/mL TGF-B2 was
added and cultured for another 24h. The cells co-transfected
by HiPerFect and NF-kB p65 ASODN were the A+T group,
the cells co-transfected by HiPerFect and NF-kB p65
MSODN were the M+T group, and the cells transfected by
HiPerFect only were the negative control group.

Reverse Transcription —Polymerase Chain Reaction
Analysis of Nuclear Factor Kappa-B p65 mRNA Total
RNA were extracted from the cells using the kit step (MBI
Ferment), and were followed by PCR amplification with
primers. The amplified PCR products were detected by
standard agarose gel electrophoresis. The relative expression
of NF-kB p65 mRNA was the quantitative absorbance values
compared with the absorbance values of (3-actin which was
the internal reference (NF-kB p65 primers: upstream: 5'-CG
CGGATCCTGGCTCGTCTGTAGTGCAC G-3', downstream:
5'-CCCAAGCTTTAGAAGCCATCCCG- GCAGTC-3', the
product had 364 bp, the internal reference B-actin primers:
upstream: 5'-GTGGACATCCGCAAAGA C-3', downstream:
5'-TCATAGTCCGCCTAGAAGC-3', the product had 281 bp).
The two primers were synthesized by Shanghai Biological
Engineering Company, China. PCR profile consisted of 2min
of initial activation at 94°C , followed by 35 cycles of 40s at
94°C , 30s at 55C , and 50s at 72°C and final 10min
annealing and extension at 72°C .

Detection of oo—smooth Muscle Actin Protein The cells
climbing pieces on the coverslips were detected by ELISA
Kit (Zhuokang Biotechnology Co. Ltd., Shanghai, China).
The absorbance value at 450 nm wavelength measured by
enzyme-linked instrument was the optical density of each
well, which indicated the content of a-SMA protein. The
study adhered to the Declaration of Helsinki.

Statistical Analysis Data were presented as meanz+standard
deviation (SD), and /Z values were determined by unpaired
Student's /-test using commercial software (Excel, Microsoft
2007). #<0.05 was considered statistically significant.
RESULTS

Morphological Changes of Cells The HLE B-3 cells
shaped from oval or polygon to long spindle with the
TGF-B2 stimulating, stretched out bulbe, and finally to



Int J Ophthalmol,
Tel:8629-82245172

Vol. 9, No. 1, Jan.18, 2016 www. 1JO. cn
8629-82210956 Email:ijopress @163.com

became similar fibroblasts. The distance between cells
increased, and a large number of floating cells appeared.
HLE B-3 cells were cultivated with the 10 ng/mL TGF-p2
for 12h (Figure 1).

Content of Nuclear Factor Kappa -B mRNA The
expression of internal reference P-actin was stable in the
supernatant of each group. The standard agarose gel
electrophoresis results showed that NF-kB p65 mRNA
appeared at 364 bp, internal reference (-actin appeared at
281 bp (Figure 2). The relative quantitative absorbance
values of NF-kB p65 mRNA in each group were shown in
Table 1. Compared with the control group, the values of
NF-kB p65 mRNA in the T1, T2, T3, M+T and negative
control groups increased, and the difference was statistically
significant. Compared with the T1, T2, T3, M+T and
negative control groups, values of NF-kB p65 mRNA in the
A+T group was significantly lower, and the difference was
statistically significant. The difference between the control
group and the A+T group was not statistically significant.
And the differences among the T3 group, the M+T group
and the negative control group were also not statistically
significant either.

Content of o —smooth Muscle Actin Protein The
absorbance values of a-SMA protein in each group were
shown in Table 1 too. Compared with the control group, the
content of a-SMA protein in T1, T2, T3, M+T and negative
control groups increased, and the difference was statistically
significant. Compared with the T1, T2, T3, M+T and
negative control groups, the content of a-SMA protein in
A+T group was significantly lower, and the difference was
statistically significant. The difference between the control
group and the A+T group was not statistically significant.
And the difference among the T3 group, the M+T group and
the negative control group was not statistically significant

either.

DISCUSSION

PCO is usually caused by the proliferation, migration,
differentiation, collagen deposition, and lens fiber

regeneration of residual lens epithelial cells ™. Therefore,
postsurgical medical inhibition of proliferation, migration
and differentiation of the residual lens epithelial cells would
be an option for preventing PCO. Usually, proliferation of
the remaining lens epithelial cells starts within a few hours
after cataract surgery . Treatment with aldose reductase
(AR) inhibitors significantly prevented the expression of
a-SMA and the lens epithelial cell growth in capsular bags
to suppress PCO [Pl After cataract surgery the residual lens
epithelial cells can produce a-SMA. The expression of
a-SMA was the differentiation of the residual lens epithelial
cells and the sign of PCOY. TGF-$ was considered to be the
most important cytokines in this procedure ". TGF-B2 was
mainly present in the eye and could not be found in other

Figure 1 HLE B-3 cells cultivated with the 10 ng/mL TGF-
B2 for 12h.

M1 23 456 7 8 9 10 1 12 13 14

Figure 2 The agarose gel electrophoresis result of PCR.

Table 1 The content of NF-k B p65 mRNA and a -SMA protein

Group NF-k B p65 mRNA a -SMA protein
Control group 0.173+0.028 0.491+0.102
Tl 0.459+0.092° 0.884+0.122°
T2 0.865+0.106° 1.393+0.116°
T3 1.308+0.138° 1.810+0.190°
A+T 0.255+0.056° 0.729+0.097°
M+T 1.366+0.125>¢ 1.97940.175>¢

1.37140.153%¢ 1.97140.151%¢

*P>0.05 vs control group. "P<0.05 vs control group, A+T group.
°P>0.05 vs T3 group (Student’s ¢-test, Excel, Microsoft 2007).

Negative control group

organization . Li e 2/ " found that the expression of
TGF-B2 in residual lens epithelial cells was significantly
increased after cataract surgery, which can lead to lesion of
the lens epithelial cells zz 1o and result in PCO. The
differentiation of the lens epithelial cells could be induced by
TGF-B2 to form the PCO model 7z w7z We observed that
with the TGF-B2 stimulation prolongation, HLE B-3 cells
morphology changed significantly to form similar fibroblasts,
cells spacing increased, the expression of o-SMA also
increased, and the PCO model was found successfully z vzzza
NF-«B in almost all cells was expressed. NF-kB played an
important role in the regulation of the immune response,
inflammation, cell growth, differentiation and apoptosis.
When the cell was not subjected to any stimulation, the NF-«kB
p65 subunit was "imprisoned" by IkB protein in the
cytoplasm and NF-«B was in a non-activated state. When the
cells receive various stimuli, the IkB proteins degradated,
allowing nuclear translocation of NF-kB p65". This process

is called activation of NF-«B. In this experiment, the content
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of NF-kB mRNA was observed significantly increased with
the TGF-B2 stimulation prolongation, indicating that
TGF-B2 stimulation could activate NF-kB. NF-kB had been
found to be related to the proliferation, migration of lens
epithelial cells . NF-kB might be activated by TGF-B2 to
participate into the expression of «-SMA and the
differentiation of the lens epithelial cells.

with the

technology, ASODN had been provided to people as a more

In recent years, development of antisense
direct and effective method to artificially control gene
expression. Neuropeptide Y ASODN had been testified a
useful therapeutic approach to the treatment of ulcerative
colitis ™. The key to the specific action of antisense
technology was the selected target sequence of the ASODN
and its stability in the cell. In this study the ASODN was a
21 bp sequence complemented to the selected 77-97 bp
nucleotide sequence after NF-kB p65 mRNA gene initiation
codon. After phosphorothioate modification, the ASODN
had been enhanced in terms of stability of ribozyme
resistance, good solubility, hybridization, and improved
transfection efficiency. ASODN inhibited the expression of
NF-kB p65 mRNA, and the following production, activation,
and other signal transduction, translation and expression of
NF-kB.

In this experiment, when the HLE B-3 cells were
successfully transfected by NF-«kB p65 ASODN, the
expression of NF-kB p65 mRNA was significantly down
regulated 7 wire In the meanwhile, the expression of
a-SMA protein induced by TGF-B2 was decreased, which
might be related to the decreased expression of NF-kB p65.
We speculated that NF-kB as a triggering factor of the
expression of a-SMA protein induced by TGF-B2, NF-«kB
p65 ASODN inhibited the transdifferentiation of lens
epithelial cells induced by TGF-B2 77 vzo and the cataract
formation. NF-kB p65 ASODN could be used as a new
biological therapeutic target of PCO.
ACKNOWLEDGEMENTS

Foundation: Supported by the Outstanding Young Medical
Personnel of Qingdao City.

Conflicts of Interest: Liu C, None; Wu XL, None; Wu
XY, None; Zhang ZH, None; Liu XH, None.
REFERENCES

1 Meacock WR, Spahon DJ, Stanford MR. Role of cytokines in the
pathogenesis of posterior capsule opacification. A7/ Optittalmol 2000;84
(3):332-336.

2 Park HY, Kim IT, Lee KM, Choi JS, Park MO, Joo CK. Effects of nuclear
factor— k B small interfering RNA on posterior capsule opacification. Zzvest
Oplothatmol Vis Ser 2010;51(9):4707-4715.

3 Tian XR, Tian XL, Bo JP, Li SG, Liu ZL, Niu B. Inhibition of allergic
airway inflammation by antisense—induced blochade of STAT6 expression.
Chiin Med /2011;124(11):26-31.

4 Nagy 7S, LeBaron MJ, Ross JA, Mitra A, Rui H, Kirken RA. STATS
regulation of BCL10 parallels constitutive NF-k B activation in lymphoid

32

tumor cells. o/ Cancer 2009;26(8):67.

5 Fidias P, Pennell NA, Boral AL, Shapiro GI, Skarin AT, Eder JP Jr,
Kwoh TJ, Geary RS, Johnson BE, Lynch TJ, Supko JG. Phase I study of the
c—raf-1 antisense oligonucleotide ISIS 5132 in combination with
carboplatin and paclitaxel in patients with previously untreated, advanced
non-small cell lung cancer. ./ 7%orac Onco/ 2009;4(9):1156-1162.

6 Sridhar SS, Canil CM, Chi KN, Hotte SJ, Ernst S, Wang L, Chen EX,
Juhasz A, Yen Y, Murray P, Zwiebel JA, Moore M] . A phase Il study of the
antisense oligonucleotide GTI-2040 plus docetaxel and prednisone as
first-line treatment in castration resistant Cancer
Chemother Fharmacol/ 20115(67):927-933.

7 Li Q, Gao Y, Xu ZG, Jiang H, Yu YY, Zhu ZG. Effect of antisense
oligodeoxynucleotide targeted against NF-«k B/P65 on cell proliferation
and tumorigenesis of gastric cancer. (Ziz Lxp Mea/2013;13(1):11-19.

8 Zhou Y, Tang Z1, Wei GL, Wang H, Ye SC, Chen KQ, Chen YH, Liu

RH. Effects of nuclear factor—kappa B p65 ASODN on transforming growth

prostate cancer.

beta-1 and intercellular adhesion moleculer of rat hepatic stellate cells.
Zhongtia Gan Zang Bing Za 24 2008;16(10):762-766.

9 Zhuang H, Xu GX. Inhibition of transforming growth factor- § 1-induced
transdiferentiation by fiposomal transection of connective tissue growth
factor antisense oligonucleotide in human lens epithelium cell. ./ CZu
Oplithalnol 2012;20(6):552-555.

10 Zhao W, Hu YH, Wang QM, Xu HM. Influence of neuclear factor—
kappa B antisense oligodeoxynucleotides on survival time of rat cornea
allografts. €2z Optithal Kes 2005;23(3):290-292.

11 Lee SJ, Bae S, Seomun Y, Son MJ, Joo CK. The role of nuclear factor
kappa B in lens epithelial cell proliferation using a capsular bag model.
Oplithalmre Res 2008;40(5):273-278.

12 Reuning U, Wilhelm O, Nishiguchi T, Guerrini L, Blasi F, Graeff H,
Schmitt M. Inhibition of NF-kappa B-Rel A expression by antisense
oligodeoxynucleotides suppresses synthesis of urokinase—type plasminogen
activator (uPA) but not its inhibitor Pal-1. NVuclere Acidls Hes 1995;23(19):
3887-3893.

13 Wormstone IM. Posterior capsule opacification: a cell biological
perspective. A1y Lye Hes 2002;74(3):337-347.

14 Awasthi N, Wagner BJ. Suppression of human lens epithelial cell
proliferation by proteasome inhibition, a potential defense against posterior
capsular opacification. Zzvest Oplittralmol Vis Ser2006;47(10):4482-4489.
15 Yadav UC, Ighani-Hosseinabad F, van Kuijk FJ, Srivastava SK,
Ramana KV. Prevention of posterior capsular opacification through aldose
reductase inhibition. Zzrest Ophittatmol Vis Scr2009;50(2):752-759.

16 Hosler MR, Wang-Su ST, Wagner BJ. Role of the proteasome in
TGF-beta signaling in lens epithelial cells. Zzwvest Oplittralmol Vis Ser
2006;47(5):2045-2052.

17 Ohta K, Yamagami S, Taylor AW, Streilein JW. IL-6 antagonizes
TGF-beta and abolishes immune privilege in eyes with endotoxin-induced
uveitis. Zzrest Opbttalmol Vis Ser2000;41(9):2591-2599.

18 Li GR, Zhou HY, Zhang WS. The mRNA results of TGF-3 2 gene
between the age—related cataract and the norm allens epithelial cells. £/
S Lab Diggrn 2011;15(7):1148-1149.

19 Aggarwal BB, Vijayalekshmi RV, Sung B. Targeting inflammatory
pathways for prevention and therapy of cancer: short-term friend,
long—term foe. (i Cancer fes 2009;15(2):425-430.

20 Pang XH, Li TK, Xie Q, He FQ, Cui de J, Chen YQ, Huang XL, Gan
HT. Amelioration of dextran sulfate sodium-induced colitis by
neuropeptide Y antisense oligodeoxynucleotide. Zzz ./ Colorectal Dis 2010;
25(9):1047-1053.



