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Abstract

A natural killer (NK) cell is a large granular lymphocyte having a cytotoxic activity against
malignant tumor cells in the cellular immune response. NK cells play an important role to
inhibit the metastasis of tumor and express glikoprotein molecule antigen (IgG) and variable
cytotoxic factors like perforin, granzyme, cytolysin such as TNF-a against retinoblastoma
cells. The aim of the study was to investigate the role of Natural Killer Cells (NK cells) as an
alternative therapy, especially in cases of retinoblastoma. It is highly expected that the study
can be used as a starting point in determining the strategic therapy, e.g. the cell targeted
therapy to inhibit EZH2 and retinoblastoma cell proliferation. There were 2 groups of
retinoblastoma cell cultures in this study, the groups of control (n=10) and exposure (n=10).
The control group was a group of retinoblastoma cell cultures that did not get any therapy,
while the exposure group was a group of retinoblastoma cell cultures with NK Cell exposure
in vitro for 3 days. The data obtained were analyzed using the T- test and Pearson
Correlation. In T-test, the results of the two groups indicated a significant difference in the
positive expression of cell count of EZH2, Ki-67 and Apoptotic cells. The Pearson
Correlation test showed that the expression of EZH2 was statistically negative significant (a.:
-0.930; p<0.05) towards the apoptotic cells expression. While in the proliferation cell
expression (Ki-67) towards the apoptotic cell expression, the correlation was significantly
negative (a. -0,868; p<0.05). The study showed that NK cells played an important role in the
aggressiveness of RB cell cultures by changing the expression of EZH2, Ki-67 and apoptosis
in RB cells. It is expected that the research can be used as a reference to determine the
strategic therapy in retinoblastoma.
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Introduction

A natural Killer (NK) cell is a large granular lymphocyte secreting IFN-Y and one of the most
essential cell types. It ranks with Cytotoxic T Lymphocytes (CTLs) as regards strong
cytotoxic activity against malignant tumor cells in the cellular immune response [1,2]. NK
cells consisting of approximately 10% of the lymphocytes and 2% of the peripheral blood are

the mediators of anti-viral and anti-tumor immunity [3,4].

NK cells play an important role in inhibiting the metastasis of the tumor and express
glikoprotein molecule antigen (IgG) and a variable repertoire of receptors on their surfaces.
The activating and inhibitory receptors are both represented on their surfaces. They express
Killer Inhibitory Receptors (KIRs) which can recognize MHC class | expressed on the surface
of healthy but infected cells and cancerous cells down regulated MHC molecules [5,6]. They
prevent the activation of NK cells because without the inhibitory signal, NK cells are free to
empoy their cytotoxic system [7]. Pradeu et al. said that the theory of immunity is not
discontinuity. The chronic presence of activating ligands reprogrammes NK cells to become
hyporesponsive although they are activated by modified cells (infected and cancerous cells)
expressing ligands for activating receptors [1,8].

NK cells release cytotoxic factors such as perforin, granzyme, cytolysin as TNF-a, serin,
protease and proteoglican into a tumor cell through tumor cell membranes pore formed by
perforin after the process of cell adhesion and finally due to the apoptosis, tumor cells die [1].
NK cells for adoptive transfer have been used with autologous or allogenic methods for

treating patients with glioma [2], glioblastoma [9], gastric cancer [10] and breast cancer [11].

Primary intraocular retinoblastoma is a highly metastatic cancer in children. It is usually
aggressive and often leads to blindness, disability and death. Retinoblastoma mass grows in
the retina and spreads to the posterior chamber of the eye and if it is not immediately treated,
then goes to invade and metastasize through the sclera and choroid until optic nerve with poor

prognosis [12].

Cancer cell aggressiveness is determined based on the proliferation, cell nucleus,
angiogenesis, necrosis and tumor cell apoptosis [13,14]. The balance in proliferation and

apoptosis cell (cell turnover) was reported in various cancers, such as astrositoma [14], liver
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cancer [15], prostate cancer [16], breast cancer [17] and retinoblastoma [18]. The level of cell
proliferation in various kinds of cancer cells generally increases and express Ki-67 except in
GO phase [19]. While apoptosis is used to measure the cell death that has been programmed
[20].

In addition, the aggressiveness of cancer cells, especially in retinoblastoma, is affected by
catalytic protein in the nucleus in a group of polycomb proteins that is a transcription
repressor and involved in controlling cellular memory, the invasion of and the development of
cancer cells that is Enhancer Zeste of Homolog 2 (EZH2). EZH2 is a protein with the
molecular weight of 85 kDa that is a component of PRC2 mediating the process of a
transcription genes through a process of methylation lysine 27 in histon H3 [21-23]. This
complex played an important role in regulating the expression of gen formation. Expression
of this protein increased in both invasive carcinoma and metastatic tumors [24,25]. EZH2 was
expressed in some cancers, including breast cancer [24,26], prostate cancer [27,28], colorectal

cancer [29], soft tissue sarcoma [30] and liver cancer [31].

Collection of samples from intratumoral retinoblastoma tissues were cultured and exposed
with NK cells. Then it occurred a reaction in which the NK cells could reduce the spread of

retinoblastoma cells in vitro.
Materials and Methods
Samples

Samples of fresh intratumoral retinoblastoma tissues were collected from an RB patient in
Dr.Soetomo Hospital-Faculty of Medicine Airlangga University Surabaya. The sample was
taken from the tumor fresh tissues in exenteration surgery after inform consent was given to
the patient’s parents. The fresh tumor tissue was sent to the laboratory, evaluated and
separated from the other soft tissues. Then they were cultured and frozen at a temperature of -
80C. The growth of RB cell cultures were confirmed through some histological evaluations
and homogenizations carried out by a pathologist. NK cells then were taken from peripheral

blood stem-cell of the retinoblastoma patients.

There were 2 groups of retinoblastoma cell cultures in this study, the groups of control (n=10)

and exposure (n=10). The control group was a group of retinoblastoma cell cultures that did
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not get any therapy, while the exposure group was a group of retinoblastoma cell cultures
with NK Cell exposure in vitro for 3 days. Based on the design of the experimental case
control study, the total samples used were 10 wells per group (control, n=10; exposure, n=10)
[32,33].

The Peripheral Blood Collection

The isolation process of peripheral blood mononuclear cells (PBMC) was based on Boyum
method (1968) with some modifications. The blood collecting for PBMC was conducted in
the patient with retinoblastoma. The separation of the cell components was done through the
centrifugation of blood samples. The blood was poured into a 15 cc sterile disposable tube
and10 cc PBS was added. After that resuspension was performed. Five (5) cc of Ficoll
solution was put slowly into a 15 cc sterile disposable tube through the wall, then a mixture of
blood and PBS was poured into the Ficoll solution. The solution was then centrifuged at 20°C
for 25 minutes with the speed of 1600 rpm. The results of the centrifugation were several
layers consisting of red blood cell layer, Ficol, buffy coat and plasma. A layer of buffy coat
mostly contained of lymphocytic cells was taken and then PBS 10 cc was added to wash buffy
coat and centrifugation was performed again at 20°C for 10 minutes with 1600 rpm. The
results of centrifugation were supernatant and pellet. The Supernatant was thrown out and the
pellet was added to MEM (Modified Eagles Medium) as much as 2 cc and then resuspension
was done. The resuspension results were moved into petridish and 10 cc of MEM was added
for the process oof incubatation at 37°C for 3 days in an incubator. On the 4™ day it was
added to retinoblastoma cell culture [11,34-36].

Retinoblastoma Cell Culture Samples

The retinoblastoma isolat was added to the MEM medium, then it was centrifuged at 3000
rpm for 10 minutes twice. After that, the sediment was cultured in MEM medium and added
with antibiotic, anti fungal and 15% of Fetal Calf Serum. The pasase was repeated until the
cell line was formed. The tumor tissue was put into a culture plate and incubated at 37°C,
under the air humidity of 95% and 5% of CO, for 24 hours. Characterization of the growth of
cell culture was checked on the 3" and 4™ day in the both groups. NK cells were mixed with

the retinoblastoma cell culture with the ratio of 1:1 on the 4" day [11,36].
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Immunohistochemical Assay

RB cell culture was fixated on a coverslip, then it was follwed by rehydration process,
washing and finally it was fixated with methanol. After that H,O, was added on the cells
cultured, then blocked with 5% FBS serum, containing 50 ul Cytonin and combinations
Cytonin + Proteinase-K, for apoptosis cells assay. Then primary antibody EZH2 was washed
and coated with Rabbit Anti-KMT6 Polyclonal Antibody / EZH2 (bs-3521R) Bioss Inc.
(1:100). The cell proliferation was measured by using primary antibody Ki-67 (CRM 325 AK,
BK) - Biocare Medical Polyclonal Antibody (1:75). While cell apoptosis used apoptag kit
primary antibody TACS® 2TdT DAB In Situ Apoptosis (4810-30-K) Trevigen, Inc., then it
was incubated overnight. A cell culture was coated with secondary antibody labeled biotin
(Trekkie Universal Link (STU700H)) Biocare Medical. After that cell cultures was labeled
with StrepHRP (Trekavidin-HRP Label (STHRP700 L10, Streptavidin Horseradish
Peroxidase) Biocare Medical. DAB chromogen was given to all cell cultures to mark the
positive cell expressions. Counterstain using Meyer hematoxylen and green methylen were
used to count the apoptosis cells. Observation with an Olympus CX-31 microscope with
magnification 400x and counting 10 per high power field was done. The positive cell

precentage was counted with Axio Vision software, Carl Zeiss Microscopy [37-40].
Data Analysis

The counting results of the expression of EZH2, Ki-67 and apoptosis cells were proceeded by
using SPSS 15.0 for Windows. T-test for parametric data and Mann-Whitney U-test for non-
parametric data and Pearson’s correlation test for relationship variables analysis were applied

for Statistical analysis. A p-value <0.05 was considered statistically significant.
Results
Retinoblastoma Culture Cells Characterization

The pictures showed the control group compared to the exposure group with the NK cells
after being incubated for 3 days and characterized on the 4™ day. In Control group the RB
cells showed the confluent layer growth (A) and in exposure group, the growth of RB cells
was rare and NK cells (yellow arrows) showed in distinct clusters around the upper layer of

dead cells (apoptosis) (B).
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Figure 1. Retinoblastoma Cells Culture. On the 4™ day in Control group the RB cells
showed the confluent layer growth (A). On the 4™ day in exposure group the growth of RB
cells was rare and NK cells (yellow arrows) showed in distinct clusters around the upper layer

of dead cells (apoptosis) (B).
Expression of EZH2, Ki-67 and Apoptosis Cell with Immunohistochemical Assay

EZH2 expression percentage in cells culture for the control and exposure groups was
measured based on the positive cell percentage. The calculation of the positive EZH2
expression was based on the positive immunological staining reactions indicated by brown
colour in the cell nuclei. The average number of cells expressing EZH2 in the control group

was 2.81+0.64% while in the exposure group was 0.16+0.05%.

The positive cell expression of Ki-67 was indicated by brown to blackish brown colour in the
cell nuclei while the positive cell expression of apoptosis cell was indicated by the dark colour
in the cell nuclei. The average number of the cells expressing Ki-67 in the control group was
0.344+0.114% while in the exposure group was 0.05+0.02%. The number of cells expressing
the cell apoptosis in the control group was 0.298+0.08% and 3.07+0.49% in the exposure

group.
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Figure 2. Graphic of EZH2, Ki-67 (Cell Proliferation) and Cell Apoptosis Expression.
Percentage of cell count in the the control group (Rb-NK) and in the exposure group
(Rb+NK).

The statistical analysis expression of EZH2 in the control and exposure groups using a
Levene's Test on a T-Test analysis showed the statistically significant result (o: 0.000 and
p<0.05). It indicated that EZH2 expression in the control and exposure groups given NK cells
was a statistically different. The expression of Ki-67 also showed significant result using
Levene's Test on a T-Test analysis (a: 0.007 and p<0.05). This showed that between control
and exposure group there was a statistically difference of cell proliferation. While cells
apoptosis in both groups revealed significant result also (a: 0.001 and p<0.05). It means

between control and exposure groups there were differences in cells apoptosis expression.

Expression of EZH2 were determined according to the criteria of Eskander et al., (2013): a
score consisting of 0% (negative expression at nuclei or expressions in the cytoplasm), a score
of 1+ (nuclei expression<25%), 2+ (50%< nuclei expression <25%) and 3+ (nuclei expression
>50% /strong staining).

The result of statistical analysis on the expressions was strengthened with the analysis of

Pearson correlation. Pearson correlation test analysized the correlation between EZH2
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expression and apoptosis cell expression. The expression of EZH2 was significantly negative
towards apoptosis cell (a: -0.930 and p<0.05). The higher expression of EZH2, the lower
expression of apoptosis cells. The expression of cell proliferation (Ki-67) was also
significantly negative correlated to apoptosis cell (a: -0.868 and p<0.05). It means that the

higher expression of Ki-67, the lower expression of apoptosis cells.

A) Score3+ 8)

Figure 3. Expression EZH2 on Retinoblastoma Cells Culture. Expression strong of EZH2 on
the score 3 + and 2 + (A and B). Expression weak of EZH2 on the score 1+ magnification of
400x (C).

Discussion

The results of characterization on the exposure group with the NK cells showed the distinct
layers around apoptotic retinoblastoma cells. The death of retinoblastoma cells in the
exposure group because of the capaility of NK cells to induce apoptosis of retinoblastoma
cells. Therefore, characteristic of retinoblastoma cells in the exposure group tend to grow rare
and most die. NK cells were showed in distinct clusters around of the dead cells. In contrast,
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the control group characteristic showed that the growth of retinoblastoma cells was faster and

the percentage of the apoptosis cells in the control group was lower than that of the exposure

group.

Statistical analyses Levene's Test on a T-Test analysis to mediate apoptosis cells in both
groups indicated the existence of a significant difference (a: 0.001; p<0.05). These results
showed that NK cells had a particularly important role on the tumor cell apoptosis process.
Imai et al. said that NK cells had a role in inhibiting the growth and the metastasis of cancer
cell. The role of NK cells was in accordance with the role of NK cells in ovary tumor, breast

cancer, gastric cancer and glioblastoma [2,9,11,41,42].

While an expression of EZH2 in both groups of retinoblastoma cell culture was still expressed
in strong EZH2 (strong staining) by Mann Whitney U-Test analysis. It was in accordance with
the roles of EZH2 as a marker of proliferation and cancer aggressiveness [30], in cancer
progressiveness and a bad prognosis [43] and on the aggressiveness of cancer stem cells but

not in the process of cell and tissue differentiation [44].

On the exposure group, an expression of EZH2 was lower because apoptosis cell was higher
in the expression and the cell proliferation was inhibited. Pearson correlation test showed that
an expression of EZH2 was negatively correlated with apoptosis cell (a: -0.930; p: 0.05)
which was explained by biomolecular role of EZH2 as inhibitor of tumor suppresor gen.
EZH2 had the role to inhibit genes protein synthesis p14”™ and p53 [44,45] and p16INKa [46]
leading to the process of proliferation and metastasis of tumor cells increased. However, it did
not occur in the exposure group with NK cells inducing an increase of apoptosis in
retinoblastoma cells via NKG2D ligand and TNF-apoptosis-inducing ligand (TRAIL) [47].

In the exposure group, the lower expression of EZH2 caused the lower expression of cell
proliferation and increased the expression of apoptotic cells. It was indicated by the
expression of proliferation marker Ki-67 which was higher in the control group. Differential
test with Levene's Test on T-Test analysis showed significant results (a: 0.007 and p<0.05). It
means the percentage of proliferation cell expression (Ki-67) in the control group was higher
than in exposure group. These results indicated that NK cells played a role in inhibiting the

proliferation of tumor cells [48].
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Figure 4. Expression of Proliferation Cell and Apoptosis Cell. Retinoblastoma cells in the
control group showed an expression of high cell proliferation (A). Retinoblastoma cells in the
exposure group showed an expression of low cell proliferation (B). Retinoblastoma cells in
the control group showed expression of low mediate apoptosis / rarely (C). Retinoblastoma
cells in the exposure group showed expression of high cell apoptosis (D). Expression of

positive cell (red arrows) with 400x magnification.

The increase number of Ki-67 proliferation marker indicated the aggressiveness of tumors
was characterized by an increase number of mitotic cells [49]. Normal RB cells expressed
high number of proliferation cells which was not found in normal retina because it was not
experienced cell proliferation or fixed [50,51]. Ki-67 expression on retinoblastoma was in
accordance with the expression on breast cancer [19], colorectal cancers [48] and prostate

cancer [52].

An increase number in cell proliferation was negatively correlated with mediate apoptosis
cells (a: -0.868 and p<0.05). It means that the higher expression of Ki-67, the lower
expression of apoptosis cells. Trihia et al. said that the increase of proliferation characterized
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by marker Ki-67 indicated a tumor aggressiveness. Cancer cells have the characteristics of

high cell proliferation and lower mediate apoptosis cells (cell turnover) [14,49].

The process of apoptosis cancer cells by the NK cells was through 2 processes: NKG2D
ligand and the TNF-apoptosis-inducing ligand (TRAIL) [47,53]. In line with the process of
NKG2D ligand, a tumor cell was subjected to mediate apoptosis because NK cells excreted
cytotoxic granules, perforin and granzyme. Cellularly, NK cells induced apoptosis tumor cells
by expressing killer activation receptors (KARs), for example NKG2D ligand. In a tumor cell,
NK cells induced apoptotic signals through NKG2D ligand while the KIR signal was
obstructed because tumor cells inhibited an expression of MHC class 1 so that cytotoxic
granules could not be excreted into a tumor cell [54]. The exocytosis process of cytotoxic
granular could happen because receptors of NK cells, FcYRIII (CD16) bind to IgG tumor
cells [7]. Perforin functions makes pores in the tumor cells and protein granzyme enter a

tumor cell to mediate apoptosis [53].

Complex of perforin-granzyme or commonly called lytic granules produced by NK cells from
within the cytoplasmic actin filaments move towards NK cells penetrating the microtubules
and polarization of the contact area of the target cell [55,56]. Lytic granules binding into
SNARE receptors (soluble N-ethylmaleimide-sensitive factor attachment protein) move to the
plasma and the walls of the lytic granule membrane connected by a plasma membrane. It was
in line with binding of SNARE receptors with Qa-SNARE syntaxin-11 (STX-11) receptors
protein into the plasma membrane. The next process was the excretion of the perforin-
granzyme into the targeted cells. This process occured through 2 mechanisms, internalization

model and the plasma membrane pore formation model [57].
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Figure 5. A schematic possible view of the induction of apoptosis retinoblastoma cell and
EZH2 by the NK cell.

Internalization model happened when perforin-granzyme entered the cytoplasm cancer of the
targeted cells through the endocytosis process and shaping enlargosome formation. Perforin
formed the pores on the enlargosome wall and granzyme was secreted toward the cytoplasm
of cancer cells for apoptosis [58,59]. In the plasma membrane pore formation model, the pore
was formed by perforin in plasma membranes of cancer cell without the endocytosis process,
so that granzyme was capable to enter the cytoplasm cancer cells directly after excreted from
plasma membranes of NK cell. The pH neutral and high concentration of calcium on a
synapse between space NK cells and cancer cells target supported perforin oligomerization on
this model [60]. In both of the models, apoptosis induction on cancer cells could happen via
three lines: activation of cascade caspase, damage of mitocondria, or damage of DNA cancer
cells [57].

NK cells could also induce apoptosis signal through a TNF system or FasL that correlated
with TRAIL in which the system mediate apoptosis extrinsic by cascade caspase [53,57,61].
Apoptosis signals was sent by FasL to Fas and formed FADD protein. FADD protein was
bound to death receptor and activated caspase-8 toward caspase-3 as executor of apoptosis
[61]. Fas/FasL interaction had a role against an onset of apoptosis in of cytotoxic reaction by

involving the role cellular immunologis against a tumor cell [62,63].
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Increase of apoptosis occured through various pathways so that the role of EZH2 was less in
supressing the tumor supressor gene. EZH2 had a capabality to suppress pl4Arf, p53 and
pl6INKa protein. However, apoptosis signal due to induction of NK cells was capable of
passing through the cytotoxic granules, binding NK cell receptors FcYRIII (CD16) with 1gG
tumor cells, through a cytokine IFN-Y, the TRAIL and FasL pathway. All pathways caused
apoptosis increase and the role of EZH2 inhibited [7,53].

Conclusion

The study showed that NK cells played an important role in the aggressiveness of RB cell
cultures by changing the expression of EZH2, Ki-67 and apoptosis in RB cells. It is expected
that the research can be used as a reference to determine the strategic therapy in

retinoblastoma.
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