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Abstract: The pathogenic mechanism of retinoblastoma (RB) is still unclear. Abnormal cell autophagy is closely cor-
related with eye disease especially RB. This study thus investigated the role of cell autophagy disorder in the patho-
genesis of RB and clinical implication. Using RB cell line HXO-RB44 cell as the model, UV irradiation was performed.
Western blot measured autophagy condition of cells, as demonstrated by the expression level of related molecules
and activation of signal pathways such as NF-kB. Autophagy inhibitor was used to treat HXO-RB44 cells, whose
expression level of autophagy-related molecules and activation of NF-kB pathway were measured. NF-kB activator
or inhibitor was further used for treatment, followed by measuring autophagy and NF-kB activation. The correlation
between NF-kB signal pathway and RB pathogenesis was investigated. UV irradiation of RB cell line HXO-RB44 led to
cell autophagy and NF-kB signal pathway activation. Inhibition of NF-kB pathway suppressed UV-induced autophagy
of HXO-RB44 cells, whilst over-expression of NF-kB signal pathway enhanced UV-induced cell autophagy. The condi-
tion of NF-kB activation in RB tissues and their autophagy levels were closely correlated with disease severity. UV
induces RB cell autophagy possibly via NF-kB signal pathway, suggesting the management of RB cell autophagy

might be one strategy for treating RB.
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Introduction

Retinoblastoma (RB) has high incidence and
severely affects patients’ physiological func-
tion and mental health [1]. Therefore, it is of
critical importance to investigate the patho-
genic mechanism of RB, which is still unclear,
however. Multiple factors such as chemical re-
agents benzopyrene, viral carcinogen, chronic
ulcer, ionization irradiation, inflammation and
high dosage of UV irradiation all may lead to RB
occurrence [2-4].

Clinical strategy for RB treatment is early diag-
nosis and treatment. Although classical treat-
ments including radiation, chemotherapy and
surgery have obtained satisfactory efficiency,
chemo- or radio-therapy frequently lead to in-
ternal organ hemorrhage, immune suppression
and dazzle or other adverse conditions [5]. The
improvement of RB treatment accuracy and
successful rate is thus one major challenge in
medical science. Precise treatment is the ulti-
mate solution for RB [6, 7], although the choice
of targets is the major challenge. Therefore, it is

urgent to discover more effective molecular tar-
gets for RB treatment. More importantly, the
treatment strategy for RB targeting NF-«kB sig-
nal pathway is still lack [8, 9].

NF-kB signal pathway has a wide array of func-
tions, including inhibition of RB cell growth, and
its participation in the metastasis process of
liver cancer or pulmonary carcinoma [10]. All
these studies indicate possible involvement of
NF-kB signal pathway in RB pathogenesis and
progression [11]. This study thus used RB cell
line HXO-RB44 as the experimental model, on
which possible regulatory role of UV on HXO-
RB44 cells was investigated.

Cell autophagy is an auto-regulatory process
of cells via a series of autophagy related pro-
teins and signal pathways [12, 13]. In addition,
autophagy participates in aging related disease
occurrence and NF-kB signal pathway is widely
studied regarding its role in facilitating autoph-
agy [14-16]. Currently few drugs have been
developed targeting NF-kB signal pathway pro-
teins, plus unsatisfactory efficiency of NF-kB
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Figure 1. UV irradiation led to autophagy and NF-kB activation of HXO-RB44 cells. A. Western blot for cell autophagy;
B. Confocal microscopy for cell autophagy, blue for P62 staining of nucleus, green for LC3 staining representing cell

autophagy.

signal pathway protein suppression [17, 18].
This study thus aimed to investigate targets for
suppressing NF-kB signal pathway.

Using RB cell line HXO-RB44 as the cell model,
this study discussed possible regulatory func-
tion of UV on RB cells and related mechanisms,
in order to provide evidences for developing
treatment target of RB.

Reagent and method
Cell model and reagent

RB cell line HXO-RB44 was purchased from
American Microbial Conservation Center (US).
Assay Kits for cell autophagy were purchased
from Beyotime (China). Fetal bovine serum
(FBS) and DMEM culture medium were obtained
from Hualan Bio (China). Other reagents were
purchased from Santa Cruz (US).

Cell culture

RB tumor cell line HXO-RB44 was resuscitated
and re-suspended in high-glucose DMEM cul-
ture medium for incubation [19].

Cellular NF-kB signal pathway activity assay

NF-kB signal pathway activity assay kit was
used to test HXO-RB44 cell activity following
routine methods [20]. In brief, cells were cul-
tured and treated by UV irradiation as describ-
ed below. 2 mg/ml cell activity assay buffer
was added into each well for 4 h culture, fol-
lowed by adding DMSO to quench the reaction
in 5 min. After quenching, HXO-RB44 cells in-
cubated in 24-well plate was loaded into the
microplate reader for measuring absorbance
values at 560nm wavelength to plot a growth
curve of RB cell line HXO-RB44 [21].
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Western blot assay for cell autophagy

HXO-RB44 cells after UV irradiation or NF-kB
signal pathway inhibitor/activator treatment
were collected and prepared for total protein
suspensions following the manual instruction.
Protein concentration was quantified by BCA
test kit. Cell lysate was extracted and quan-
tified by microplate reader. Proteins were se-
parated by centrifugation. Equal volume of cel-
lular protein suspension (containing 20 pg pro-
teins) was boiled for 10 min, followed by We-
stern blot using 12% separation gel. Electr-
ophoresis was performed at 60 V for 30 min
firstly, followed by 120 V for 90 min. After that
the membrane was transferred at 90 mA for
180 min. The membrane after transferring
was blocked in 5% defatted milk powder for 60
min at room temperature, followed by primary
antibody (ant-NF-«kB at 1:1000 dilution) incuba-
tion at 4°C overnight. After rinsing in TBST to
remove primary antibody, secondary antibody
with horseradish peroxidase conjugation (anti-
mouse IgG at 1:2500) was added for 37°C
incubation for 3 h. The membrane was rinsed in
TBST three times and was developed by ECL
chromogenic substrate buffer. Gel imaging sys-
tem (Qinxiang, China) was used to analyze gray
intensity of all protein bands, in order to com-
pare expression level of NF-kB signal pathway
proteins in HXO-RB44 cells from all treatment
groups [22].

Immunofluorescence for cell autophagy

UV or NF-kB signal pathway inhibitor/activator
treated HXO-RB44 cells were tested for autoph-
agy level using immunofluorescence method.

Statistical analysis

SPSS 15.0 was used for data analysis. Be-
tween-group comparison was performed by
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Figure 2. NF-kB signal pathway activator enhanced UV-induced autophagy of RB cell line HXO-RB44. A. Western blot
for cell autophagy; B. Confocal microscopy for cell autophagy, blue for P62 staining of nucleus, green for LC3 stain-

ing representing cell autophagy.

student t-test among all groups of HXO-RB44
cells. A statistical significance was defined
when p<0.05.

Results

UV irradiation led to autophagy and NF-kB
activation of HXO-RB44 cells

As shown in Figure 1, UV irradiation on HXO-
RB44 cells led to activation of NF-kB sig-
nal pathway, as control and UV groups show-
ed 1.0 and 5.2 + 0.7 fold increase of NF-
KB relative activity demonstrated by Western
blot analysis. UV irradiation also caused in-
creased cell autophagy, as immunofluoresce-
nce showed 0 and 83.4% + 5.8% of autophagy
level.

NF-kB signal pathway activator PMA enhanced
UV-induced autophagy of RB cell line HXO-
RB44

As shown in Figure 2, treatment of HXO-RB44
cells using NF-kB signal pathway activator PMA
enhanced the occurrence rate of UV-induced
cell autophagy by 57%.

NF-kB signal pathway inhibitor suppressed UV-
induced autophagy of RB cell line HXO-RB44

As shown in Figure 3, treatment of HXO-RB44
cells using NF-kB signal pathway inhibitor
BAY11-7082 suppressed the occurrence of UV-
induced cell autophagy.
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Correlation analysis between NF-kB signal
pathway activity and autophagy level

As shown in Figure 4, NF-kB signal pathway
activation condition was positively correlat-
ed with cell autophagy level (correlation coeffi-
cient R=79.5%, p=0.0052).

Discussion

RB severely threatens patient daily life and
health. This study utilized RB cell line HXO-
RB44 as the cell model, on which regulatory
role of UV on RB cells and possible mecha-
nisms were investigated. Results showed that
UV potentiated autophagy of HXO-RB44 cell, as
consistent with previous study showing the
participation of UV in cell autophagy [23]. Ab-
normal cell autophagy is correlated with vari-
ous diseases including aging, cardiovascular
disease, neurodegenerative disease and RB
[4]. However, the signal transduction pathway
of autophagy in RB pathogenesis is still uncle-
ar. This study investigated the role of NF-kB
induced cell autophagy in RB pathogenesis, in
addition to its potential clinical implications.

Clinical strategy for RB is early and timely diag-
nosis and treatment. Although classical treat-
ments such as radiotherapy has obtained sa-
tisfactory efficiency, chemo- or radio-therapy
frequently lead to internal organ hemorrhage,
immune suppression and dazzle or other ad-
verse conditions [5]. The improvement of RB
treatment accuracy and successful rate is th-

Int J Clin Exp Med 2019;12(12):13586-13591



Molecular mechanism of tumor autophagy

Gy ——— . P2

-— LC3

- - NFkB

L Wil
Control UV uv

BAY11-7082

Control

uv

uv
BAY11-7082

Figure 3. NF-kB signal pathway inhibitor BAY11-7082 suppressed UV-induced autophagy of RB cell line HXO-RB44.
A. Western blot for cell autophagy; B. Confocal microscopy for cell autophagy, blue for P62 staining of nucleus, green

for LC3 staining representing cell autophagy.

us one major challenge in medical science.
Precise treatment is the ultimate solution for
RB [6, 7], although the choice of targets is the
major challenge. Therefore, it is urgent to dis-
cover more effective molecular targets for RB.
More importantly, the treatment strategy for RB
targeting NF-kB signal pathway is still lack [8,
9].

How does UV regulates RB cell growth and
autophagy is still unclear [24]. NF-kB signal
pathway can inhibit RB growth, but is correlat-
ed with tumor metastasis [25]. These indicated
the possible involvement of NF-kB signal path-
way in RB pathogenesis and progression [26].

NF-kB signal pathway is widely involved in cell
autophagy. In current study, whether NF-kB sig-
nal pathway is under UV regulation for further
mediation of autophagy of HXO-RB44 cells is
still unclear [27, 28]. Results of this study sh-
owed that UV potentiated NF-kB signal path-
way activity. After pre-treatment using NF-«kB
signal pathway activator, HXO-RB44 cells sh-
owed elevated autophagy level, whilst NF-kB
signal pathway inhibitor suppressed UV-induc-
ed autophagy of HXO-RB44 cells. These resu-
Its were consistent with previous study [10],
proving that NF-kB signal pathway facilitated
autophagy occurrence.
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In this study, the role of NF-kB signal pathway
in UV-induced autophagy or RB cell line HXO-
RB44 can be demonstrated from three per-
spectives. Firstly, data showed significantly
enhanced NF-kB signal pathway protein level in
HXO0-RB44 cells after UV irradiation. Secondly,
pre-treatment using NF-kB signal pathway acti-
vator enhanced autophagy of HXO-RB44 cells
after UV irradiation. Thirdly, when using NF-kB
signal pathway inhibitor for pre-treatment, UV-
induced autophagy of HXO-RB44 cells was sup-
pressed. These results indicated the effect of
NF-kB signal pathway protein on UV-induced
autophagy of RB cell line HXO-RB44. Targeting
NF-kB signal pathway protein thus might be a
new strategy for molecular targeting treatment
against RB [26]. Currently, NF-kB signal path-
way also inhibits cancer cell autophagy in other
tumors [28]. These results indicated that UV
could induce RB cell line HXO-RB44 cell autoph-
agy via enhancing NF-kB signal pathway.

Certain weakness existed in this study. Firstly,
we lacked clinical tumor tissues and adjacent
tissues of RB, making it impossible to investi-
gate the direct relationship between NF-kB sig-
nal pathway activity and RB. Secondly, we did
not include RB tumor tissues after treatment,
thus cannot predict the correlation between
NF-kB signal pathway activity and RB progno-
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Figure 4. Correlation analysis between NF-kB signal
pathway activity and autophagy level.

sis. Thirdly, no animal model of RB was used for
UV irradiation, which may help to study the
treatment efficiency of UV irradiation-induced
RB in vivo.

Conclusion

UV can induce RB cell autophagy, which is pos-
sibly via NF-kB signal pathway, indicating that
modulating NF-kB signal pathway activity might
be beneficial for RB treatment through regulat-
ing autophagy level of RB.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Cuijie Yu, Depart-
ment of Ophthalmology, People’s Hospital of Linzi
District, No. 139, Huangong Road, Zibo 255400,
Shandong, China. Tel: +86-0533-7162044; Fax:
+86-0533-7162044; E-mail: cuijieyut@sohu.com

References

[1]  Senthil KK, Gokila VM, Mau JL, Lin CC, Chu FH,
Wei CC, Liao VH and Wang SY. A steroid like
phytochemical Antcin M is an anti-aging re-
agent that eliminates hyperglycemia-acceler-
ated premature senescence in dermal fibro-
blasts by direct activation of Nrf2 and SIRT-1.
Oncotarget 2016; 7: 62836-62861.

[2] Banasavadi-Siddegowda YK, Russell L, Frair E,
Karkhanis VA, Relation T, Yoo JY, Zhang J, Sif S,
Imitola J, Baiocchi R and Kaur B. PRMT5-PTEN
molecular pathway regulates senescence and
self-renewal of primary glioblastoma neuro-
sphere cells. Oncogene 2017; 36: 263-274.

[3] Weng JH, Yu CC, Lee YC, Lin CW, Chang WW
and Kuo YL. miR-494-3p induces cellular se-

13590

nescence and enhances radiosensitivity in hu-
man oral squamous carcinoma cells. Int J Mol
Sci 2016; 17.

[4] Zhang W, Ren H, Xu C, Zhu C, Wu H, Liu D,
Wang J, Liu L, Li W, Ma Q, Du L, Zheng M,
Zhang C, Liu J and Chen Q. Hypoxic mitophagy
regulates mitochondrial quality and platelet
activation and determines severity of I/R heart
injury. Elife 2016; 5.

[5]  Zakraoui O, Marcinkiewicz C, Aloui Z, Othman
H, Grepin R, Haoues M, Essafi M, Srairi-Abid N,
Gasmi A, Karoui H, Pages G and Essafi-
Benkhadir K. Lebein, a snake venom disinteg-
rin, suppresses human colon cancer cells pro-
liferation and tumor-induced angiogenesis
through cell cycle arrest, apoptosis induction
and inhibition of VEGF expression. Mol Car-
cinog 2017; 56: 18-35.

[6] Dommering CJ, Henneman L, van der Hout AH,
Jonker MA, Tops CM, van den Ouweland AM,
van der Luijt RB, Mensenkamp AR, Hogervorst
FB, Redeker EJ, de Die-Smulders CE, Moll AC
and Meijers-Heijboer H. Uptake of prenatal di-
agnostic testing for retinoblastoma compared
to other hereditary cancer syndromes in the
Netherlands. Fam Cancer 2017; 16: 271-277.

[71 Shangl, YaoY, Fan X, Shangguan L, Li J, Liu H
and Zhou Y. miR-29¢-3p promotes senescence
of human mesenchymal stem cells by target-
ing CNOT6 through p53-p21 and p16-pRB
pathways. Biochim Biophys Acta 2016; 1863:
520-32.

[8] Lee SH, Um SJ and Kim EJ. CBX8 antagonizes
the effect of Sirtinol on premature senescence
through the AKT-RB-E2F1 pathway in K562
leukemia cells. Biochem Biophys Res Commun
2016; 469: 884-90.

[9]1 LiZ Jiang K, Zhu X, Lin G, Song F, Zhao Y, Piao
Y, Liu J, Cheng W, Bi X, Gong P, Song Z and
Meng S. Encorafenib (LGX818), a potent BRAF
inhibitor, induces senescence accompanied by
autophagy in BRAFV6OOE melanoma cells.
Cancer Lett 2016; 370: 332-44.

[10] Ferrand M, Kirsh O, Griveau A, Vindrieux D,
Martin N, Defossez PA and Bernard D. Screen-
ing of a kinase library reveals novel pro-senes-
cence kinases and their common NF-kappaB-
dependent transcriptional program. Aging
(Albany NY) 2015; 7: 986-1003.

[11] Zhu S, Zhao L, Li Y, Hou P, Yao R, Tan J, Liu D,
Han L, Huang B, Lu J and Zhang Y. Suppression
of RAD21 induces senescence of MDA-MB-231
human breast cancer cells through RB1 path-
way activation Via c-Myc downregulation. J Cell
Biochem 2016; 117: 1359-69.

[12] Fabian ID, Stacey AW, Johnson KP, Onadim Z,
Chowdhury T, Duncan C, Reddy MA and Sagoo
MS. Primary intravenous chemotherapy for
group D retinoblastoma: a 13-year retrospec-

Int J Clin Exp Med 2019;12(12):13586-13591


mailto:cuijieyut@sohu.com

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

Molecular mechanism of tumor autophagy

tive analysis. Br J Ophthalmol 2017; 101: 82-
88.

Lazaro S, Pérez-Crespo M, Enguita AB, Hernan-
dez P, Martinez-Palacio J, Oteo M, Sage J, Para-
mio JM and Santos M. Correction: ablating all
three retinoblastoma family members in
mouse lung leads to neuroendocrine tumor
formation. Oncotarget 2017; 8: 50323.
Munier FL, Mosimann P, Puccinelli F, Gaillard
MC, Stathopoulos C, Houghton S, Bergin C and
Beck-Popovic M. First-line intra-arterial versus
intravenous chemotherapy in unilateral spo-
radic group D retinoblastoma: evidence of bet-
ter visual outcomes, ocular survival and short-
er time to success with intra-arterial delivery
from retrospective review of 20 years of treat-
ment. Br J Ophthalmol 2017; 101: 1086-1093.
Zeng S, Liu L, Ouyang Q, Zhao Y, Lin G, Hu L
and Li W. Generation of induced pluripotent
stem cells (iPSCs) from a retinoblastoma pa-
tient carrying a ¢.2663G>A mutation in RB1
gene. Stem Cell Res 2016; 17: 208-211.

Yuan S, Friedman DL and Daniels AB. Evolution
of chemotherapy approaches for the treat-
ment of intraocular retinoblastoma: a compre-
hensive review. Int Ophthalmol Clin 2017; 57:
117-128.

Beck TN, Smith CH, Flieder DB, Galloway TJ,
Ridge JA, Golemis EA and Mehra R. Head and
neck squamous cell carcinoma: ambiguous
human papillomavirus status, elevated p16,
and deleted retinoblastoma 1. Head Neck
2017; 39: E34-E39.

Kulkarni A, Scully TJ and O’Donnell LA. The an-
tiviral cytokine interferon-gamma restricts neu-
ral stem/progenitor cell proliferation through
activation of STAT1 and modulation of retino-
blastoma protein phosphorylation. J Neurosci
Res 2017; 95: 1582-1601.

Tsujii A, Miyamoto Y, Moriyama T, Tsuchiya Y,
Obuse C, Mizuguchi K, Oka M and Yoneda Y.
Retinoblastoma-binding protein 4-regulated
classical nuclear transport is involved in cellu-
lar senescence. J Biol Chem 2015; 290:
29375-88.

Rajarajacholan UK and Riabowol K. Aging with
ING: a comparative study of different forms of
stress induced premature senescence. Onco-
target 2015; 6: 34118-27.

13591

(21]

[22]

(23]

(24]

(25]

[26]

[27]

(28]

Jones KA, Gilder AS, Lam MS, Du N, Banki MA,
Merati A, Pizzo DP, VandenBerg SR and Gonias
SL. Selective coexpression of VEGF receptor 2
in EGFRVvlll-positive glioblastoma cells pre-
vents cellular senescence and contributes to
their aggressive nature. Neuro Oncol 2016;
18: 667-78.

VanDeusen HR and Kalejta RF. Deficiencies in
cellular processes modulated by the retino-
blastoma protein do not account for reduced
human cytomegalovirus replication in its ab-
sence. J Virol 2015; 89: 11965-74.

Fu C, Li B, Sun Y, Ma G and Yao Y. Bradykinin
inhibits oxidative stress-induced senescence
of endothelial progenitor cells through the
B2R/AKT/RB and B2R/EGFR/RB signal path-
ways. Oncotarget 2015; 6: 24675-89.

de Oliveira MG, Ramalho LM, Gaiao L, Pozza
DH and de Mello RA. Retinoblastoma and p53
protein expression in pre-malignant oral le-
sions and oral squamous cell carcinoma. Mol
Med Rep 2012; 6: 163-6.

Friedman DL, Krailo M, Villaluna D, Gombos D,
Langholz B, Jubran R, Shields C, Murphree L,
O’Brien J, Kessel S, Rodriguez-Galindo C, Chin-
tagumpala M and Meadows AT. Systemic neo-
adjuvant chemotherapy for group B intraocular
retinoblastoma (ARET0331): a report from the
children’s oncology group. Pediatr Blood Can-
cer 2017; 64.

Velasquez-Aguilar M, Matiz-Moreno H, Amato-
Almanza M, Chen-Lopez CY, Marquez-Garcia G
and Ramirez-Ortiz MA. Outcomes and compli-
cations after phacoemulsification in retino-
blastoma patients with cataract after radiation
treatment. Arch Soc Esp Oftalmol 2017; 92:
160-165.

Fazili N, Balagholi S, Amizadeh Y, Hosseini SB
and Kanavi MR. Cultivation of retinoblastoma
cells: correlation between in vitro growth pat-
tern and histopathology. J Ophthalmic Vis Res
2016; 11: 379-384.

Kaliki S, Patel A, Iram S and Reddy Palkonda
VA. Clinical presentation and outcomes of
stage Il or stage IV retinoblastoma in 80 asian
indian patients. J Pediatr Ophthalmol Strabis-
mus 2017; 54: 177-184.

Int J Clin Exp Med 2019;12(12):13586-13591



