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ABSTRACT | Purpose: To evaluate the effects of ranibizumab
and amfenac in human uveal melanoma cell lines and to explore
the ability of these compounds to sensitize uveal melanoma cells
to radiation therapy. Methods: The 92.1 human uveal melanoma
cell line was cultured and subjected to the proposed treatment
(ranibizumab, amfenac, and a combination of both). Proliferation,
migration, and invasion assays of the 92.1 uveal melanoma cell line
were assessed after pretreatment with ranibizumab (125 pg/mL),
amfenac (150 nM), or a combination of both. In addition, pro-
liferation rates were assessed after treatment with ranibizumab
and amfenac, and the cells were subsequently exposed to various
radiation doses (0, 4, and 8 Gy). Results: Proliferation assay:
cells treated with a combination of ranibizumab and amfenac
had lower proliferation rates than controls (p=0.016) and than
those treated with only ranibizumab (p=0.033). Migration assay: a
significantly lower migration rate was observed in cells treated with
amfenac than the control (p=0.014) and than those treated with
ranibizumab (p=0.044). Invasion assay: there were no significant
differences among the studied groups. Irradiation exposure: in
the 4 Gy dose group, there were no significant differences among
any groups. In the 8 Gy dose group, treatment with ranibizumab,
amfenac, and their combination prior to application of the
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8 Gy radiation led to a marked reduction in proliferation rates
(p=0.009, p=0.01, and p=0.034, respectively) compared with
controls. Conclusion: Combination of ranibizumab and amfenac
reduced the proliferation rate of uveal melanoma cells; however,
only amfenac monotherapy significantly decreased cell migration.
Theradiosensitivity of the 92.1 uveal melanoma cell line increased
following the administration of ranibizumab, amfenac, and their
combination. Further investigation is warranted to determine
if this is a viable pretreatment strategy to render large tumors
amenable to radiotherapy.

Keywords: Uveal melanoma; Ranibizumab; Cyclooxygenase-2;
Radiation; Cell line

RESUMO | Objetivo: Avaliar os efeitos do ranibizumabe em
associagdo com o amfenac nas células de melanoma uveal humano
e explorar a capacidade desses compostos em sensibilizar as
células de melanoma uveal a radioterapia. Métodos: Células
de melanoma uveal humano do tipo 92.1 foram cultivadas e
submetidas ao tratamento proposto (ranibizumabe, amfenac e
a combinacdo de ambos). Ensaios de proliferagao, migracdo e
invasao com as células de melanoma uveal do tipo 92.1 foram
avaliados apds tratamento com ranibizumabe (125 pg/ml), amfenac
(150 nM) e a combinagdo de ambos. Além disso, as taxas de
proliferacdo foram avaliadas ap6s tratamento com ranibizumabe
e amfenac com subsequente exposicao das células a diferentes
doses de radiacdo (0 Gy, 4 Gy e 8 Gy). Resultados: Ensaio de
proliferacdo: células tratadas com ranibizumabe e amfenac
combinados apresentaram taxas de proliferacdo inferiores em
comparacdo ao grupo controle (p=0,016), do que as tratadas
apenas com ranibizumabe (p=0,033). Ensaio de migragao: foi
observada uma taxa de migragdo significativamente mais baixa
nas células tratadas com amfenac do que no grupo controle
(p=0,014) e do que nas tratadas com ranibizumabe (p=0,044).
Ensaio de invasdo: nao houve diferengas significativas entre os
grupos estudados. Exposicdo a irradiagao: no grupo da dose de
4 Gy, nao houve diferenca significante entre os grupos. No grupo

This content is licensed under a Creative Commons Attributions 4.0 International License.

38 Arg Bras Oftalmol. 2019;82(1):38-44

http://dx.doi.org/10.5935/0004-2749.20190004



Bravo-Filho V, et al.

da dose de 8 Gy, o tratamento com ranibizumabe, afenac e sua
combinagao antes da aplicacao da radiacdo de 8 Gy levou a uma
reducdo acentuada nas taxas de proliferacéo (p=0,009, p=0,01¢€
p=0,034, respectivamente) em comparacdo aos grupos controle.
Conclusao: A combinagao de ranibizumabe e amfenac reduziu a
taxa de proliferagdo das células de melanoma uveal; no entanto,
apenas o amfenac diminuiu significativamente a migracéo celular. A
radiossensibilidade das células de melanoma uveal do tipo 92.1
aumentou ap6s a administragao de ranibizumabe, amfenac e sua
combinacdo. Mais investigacdes sdo necessarias para determinar
se esta é uma estratégia de pré-tratamento viével para tornar
grandes tumores passiveis de radioterapia.

Descritores: Melanoma uveal; Ranibizumabe; Inibidor da ci-
clooxigenase-2; Radiacdo; Linhagem celular

INTRODUCTION

Uveal melanoma (UM) is the most common primary
intraocular tumor in adults. Despite the recent progress
in treatment for these tumors, the mortality rate remains
high™. Furthermore, some tumors are too large on pre-
sentation to qualify for plaque radiation therapy, which
is the standard treatment®. Therefore, there is a need
for alternative treatment options.

Different types of cancer (colon carcinoma, stomach
cancer, and soft tissue sarcoma) entail elevated serum
concentrations of vascular endothelial growth factor
(VEGF)®). Recently, patients with UM have been shown
to exhibit elevated levels of VEGF-A in both aqueous
and vitreous humor®. Anti-VEGF treatment, administe-
red through intravitreal injections, is currently one of the
treatment modalities used for many eye conditions, with
high rates of success and safety.

Cyclooxygenase-2 (COX-2) expression has been
reported in various of malignant tumors®, including
UM®, where it was correlated with predictors of poor
prognosis. An in vitro study reported a significantly de-
creased proliferation rate in UM cell lines following the
administration of amfenac (a COX-2 inhibitor)"?. It has
long been suggested that prostaglandins, the products of
cyclooxygenase!'” enzyme activity on arachidonic acid,
play a role in cell survival after ionizing radiation. Both
increased COX-2 protein, at doses as low as 2 Qy, as
well as selective COX-2 inhibitors are highly effective in
enhancing tumor radioresponse?.

To the best of our knowledge, this is the first study
evaluating the effects of ranibizumab and amfenac on the
functional abilities of UM cells and on irradiation therapy.

In addition to investigating the effects of a combi-
nation of ranibizumab and amfenac in human UM cell

lines, this study was conducted to test the ability of these
compounds to sensitize UM cells to radiation therapy.

METHODS

The ranibizumab dose used during the experiments
was selected based on the fact that the regular intravitreal
dose of the medication is 0.50 mg and the mean vitreous
volume is 4 ml. Injecting 0.50 mg of ranibizumab in a 4 ml
solution gives a concentration of 0.125 mg/ml. The amfe-
nac dose was selected based on previous studies using
150 nM concentration, which is the 50% inhibitory ac-
tivity of amfenac!".

We used the 92.1 human UM cell line established by
Dr. Jager (University Hospital Leiden, Leiden, The Ne-
therlands)® because it is the most aggressive cell line
according to the literature"®. The cells were cultured
using Roswell Park Memorial Institute media 1640 (Invi-
trogen, Ontario, Canada), with 5% fetal bovine serum
(FBS), 1% penicillin-streptomycin, and 1% amphotericin
B to promote cell growth and prevent contamination
following cell growth and two passages. Then, the cells
were subjected to the proposed treatment (ranibizumab,
amfenac, and a combination of both). The control group
included cells that did not receive any treatment and
those treated with dimethyl sulfoxide (DMSO), which is
the recommended solvent for creating a liquid solution
of amfenac powder. Proliferation (TC 20 automated cell
counter; BioRad Laboratories, USA), migration (QCM™
24-Well Colorimetric Cell Migration Assay; EMD Milli-
pore, USA), and invasion (Cell Invasion Assay Kit; EMD
Millipore) of the 92.1 UM cell line were assessed after
pretreatment with ranibizumab (125 pg/mL), amfenac
(150 nM), or a combination of both compounds at these
concentrations. The control group with and without
DMSO during proliferation did not have significant diffe-
rence; hence, we decided to use only the control group
+ DMSO as the control group for the other experiments.

Proliferation rates were assessed after treatment
with ranibizumab, amfenac, or the combination as well
as following subsequent radiation exposure. Radiation
was performed using a clinical X-ray linear accelerator
(Varian Inc.) with 6 MV of energy and a radiation dose of
600 cGy/min. After treatment with ranibizumab, amfe-
nac, or the combination, the treated cells and control
group were exposed to 0, 4, and 8 Gy of radiation, similar
to that in a previous study/?. A 3-(4,5-dimethylthiazol-2-
yD-2,5-diphenyltetrazolium bromide (MTT) assay was
used to assess the proliferation rates 48 h after radiation
exposure; these values were compared with those of
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control cells (for both the compounds in combination
with radiation and for radiation alone). MTT is a tetrazo-
lium dye, and enzymes present in the cell culture are
capable of reducing the dye into purple®. This assay is
used for assessing cell metabolic activity!'®.

One-way analysis of variance was performed, and all
analyses were performed using SPSS version 20 (IBM
Corporation, USA). Student’s ¢-test was used to determine
the differences for all tests requiring the comparison of
only two means (Microsoft Excel; Microsoft Corporation,
USA). For all statistical analyses, a p-value of <0.05 was
considered statistically significant.

The research protocol was approved by the Federal
University of Sdo Paulo (UNIFESP) Research and Ethical
Committee.

RESULTS

The proliferation assay showed that cells treated with
ranibizumab + amfenac (mean: 63,716.75 cells; SD:
12,713.90 cells) had lower proliferation rates than the
control + DMSO (mean: 82,555.50 cells; SD: 7,105.80
cells; p = 0.016) and ranibizumab (mean: 80,825 cells;
SD: 7,491.20 cells; p=0.033) groups. There were no
significant differences between the amfenac (mean:
74,400 cells; SD: 4,888.20) group and the combination
or control group. Additionally, no statistically significant
differences were observed between the control (mean:
73,177.50 cells; SD: 12,546.06 cells) and control + DMSO
groups (Figure 1; Table 1).
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Continuous line: P=0.016
Dashed line: P=0.033
DMSO= dimethyl sulfoxide.

Figure 1. Proliferation rates for all groups.
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When the migration assay was performed, a significan-
tly lower migration rate was observed only in the amfe-
nac group (mean OD: 1.18944; SD: 0.0523) than in both
the control + DMSO (mean OD: 1.97702; SD: 0.5141;
p=0.014) and ranibizumab (mean OD: 1.832585; SD:
0.022175; p=0.044) groups. The control group had a higher
migration rate than all other groups. The combination
group (mean OD: 1.56848; SD: 0.01715) did not exhibit
statistically significant differences from the other treatment
conditions (Figure 2; Table 2). There were no significant
differences among the studied groups in the invasion
assay (p=0.27; Figure 3).

After irradiation exposure, the 0 Gy group treated
with ranibizumab alone (mean OD: 1.268553387; SD:
0.21058014) and amfenac alone (mean OD: 1.174443046;
SD: 0.105847858) showed a significantly lower prolife-
ration rate than the controls (mean OD: 1.618110359;

Table 1. Proliferation rate P-values for all groups

Treatment group P-value
Control Control + DMSO 0.444
Ranibizumab 0.635
Ranibizumab + Amfenac 0.436
Amfenac 0.999
Control + DMSO Ranibizumab 0.999
Ranibizumab + Amfenac 0.016
Amfenac 0.578
Ranibizumab Ranibizumab + Amfenac 0.033
Amfenac 0.766
Ranibizumab + Amfenac Amfenac 0.318

DMSO= dimethyl sulfoxide.
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Figure 2. Migration rate for all groups.
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Table 2. Migration rate P-values for all groups

Treatment group P-value
Control + DMSO Ranibizumab 0.937
Ranibizumab + Amfenac 0.275
Amfenac 0.014
Ranibizumab Ranibizumab + Amfenac 0.649
Amfenac 0.044
Ranibizumab + Amfenac Amfenac 0.336
DMSO= dimethyl sulfoxide.
Invasion
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Figure 3. Invasion rate for all groups.

SD: 0.15628323, p=0.048 and 0.01, respectively).
The combination group (mean OD: 1.395466552; SD:
0.179066171) did not present a statistically significant
difference compared with the control group (p=0.319).
Additionally, there were no differences between the ra-
nibizumab and combination groups (p=0.788) or between
the ranibizumab and amfenac groups (p=0.914). In the
4 Gy group, there were no significant differences among
the conditions (Table 3). In the 8 Gy group, treatment
with ranibizumab, amfenac, and a combination of both
prior to application of the 8 Gy radiation dose led to a
marked reduction in proliferation rates (p=0.009, 0.01,
and 0.034, respectively) compared with the control
group. There were no statistically significant differences
between the three treatment groups for the 8 Gy radia-
tion (Table 4). Analysis of the differences between each
condition according to the irradiation dose showed that
the ranibizumab and combined groups had significantly
lower proliferation rates at 8 Gy than those at 4 Gy
(p=0.022 and 0.001, respectively). The ranibizumab
and combined groups had also significantly lower proli-
feration rates at 8 Gy than those at 0 Gy (p=0.022 and
0.001, respectively). In the control group, significantly

Table 3. The mean OD, SD, and P-values for the group treated with the
4 Gy radiation dose

Mean OD (SD)
1.298956337
(0.224925566)

4 Gy irradiation dose
Control + DMSO

Treatment group (P-value)

Ranibizumab (0.738)

Ranibizumab + Amfenac
(0.967)

Amfenac (0.920)

1.440193767 Ranibizumab + Amfenac

(0.974)

Ranibizumab

(0.087934204) Amfenac (0.292)
Ranibizumab + Amfenac 1.372118918 Amfenac (0.604)
(0.08864664)

1.204180278
(0.248646747)
DMSO= dimethyl sulfoxide; OD= optical density

Amfenac

Table 4. The mean OD, SD, and P-values for the group treated with the
8 Gy dose

Mean OD (SD)

1.12659663
(0.060960288)

8 Gy irradiation dose

Control + DMSO

Treatment group (P-value)

Ranibizumab (0.009)
Ranibizumab + Amfenac (0.01)
Amfenac (0.034)

Ranibizumab + Amfenac (1.0)
Amfenac (0.959)

0.924039709
(0.110233575)

Ranibizumab

Ranibizumab + Amfenac 0.926620053 Amfenac (0.969)
(0.02127271)

Amfenac 0.958493901
(0.098401276)

DMSO= dimethyl sulfoxide; OD= optical density.

lower proliferation rates were observed at 4 and 8 Gy
than at 0 Gy (p=0.05 and 0.005, respectively). The group
treated with amfenac alone did not exhibit any signifi-
cant differences compared with the groups treated with
different irradiation doses (Figure 4).

DISCUSSION

Despite the advancements in its treatment and diag-
nosis, UM remains a challenge because appropriate
treatment does not prevent the development of metas-
tases in some patients"”. Moreover, when the tumor is
very large, brachytherapy is insufficient for reducing the
lesion, and enucleation is necessary for some patients®.

Ranibizumab and amfenac are well-established
drugs in the field of ophthalmology, and their use has
been approved by the United States Food and Drug
Administration’®'. As such, proving the effect of these
medications on UM may hasten its adoption for patient
use. Therefore, experiments testing the usefulness and
efficacy of well-known drugs developed for other pur-
poses are important to evaluate if they will helpful for
the patient management.
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Figure 4. Irradiation exposure assay for all groups

The isolated use of anti-VEGF therapy was not as effec-
tive as expected; however, when associated with other
therapies acting against cancer, the results were better
than those of the isolated treatment”*”. Angiogenesis
deregulation is one of the most critical changes in the
cancer environment, and it elicits modifications to the
tumor’s microvasculature, which is responsible for
reducing the efficacy of chemotherapy, radiotherapy,
and immunotherapy®’. One of the hypotheses related
to the benefits of an anti-VEGF drug is that such agents
can attenuate vascular hyperpermeability, increase
vessel pericytes, improve the basal membrane structure
with consequent hypoxia, and reduce interstitial fluid
pressure®’. All of these changes can improve the deli-
very and efficacy of chemotherapy, radiotherapy, and
immunotherapy.

In this study, only the combination of ranibizumab
and amfenac had inhibitory effects on the proliferation
rate of 92.1 cells compared with the control group. This
is the first time this finding has been described. We
expected ranibizumab alone to have a significant effect
because Logan et al. had described a reduction in 92.1
cell proliferation following treatment with bevacizu-
mab®. However, the combination of an anti-VEGF agent
with a COX-2 inhibitor significantly reduced proliferation
of the 92.1 cells. Administering both drugs in combina-
tion may have had a greater effect because they act on
different pathways. Our findings were different from
those of Li et al.??. In their study, ranibizumab had an
inhibitory effect in UM cells when administered alone
at a dose of 250 ug/mL, which reduced the survival rate
to 57%, whereas our study only showed similar effects
for the combination treatment. Another difference was
that we used a well-established UM cell line, whereas

42 Arg Bras Oftalmol. 2019;82(1):38-44

Li et al. extracted cells from a ciliary body melanoma. It
is not possible to evaluate whether these differences
resulted from the different doses or different cell types;
therefore, other studies using other cell types with diffe-
rent aggressive behaviors as well as administration of
different doses are important to elucidate this variance.

COX-2 is speculated to have an anti-VEGF effect, corro-
borating the idea that both drugs administered in combi-
nation could have additional VEGF-blocking effects®®.
Logan et al. demonstrated that the 92.1 cell line could
produce the primary VEGF-A receptor, VEGF-R2, sugges-
ting that the cytokine and its receptor could be involved
in tumor development and progression. This highlights
the autocrine effect in this tumor and the importance of
having different methods for blocking VEGF pathways,
avoiding the cytokines that contribute to the prolifera-
tion of tumor cells®®.

UM is a tumor that can present circulating malignant
cells even after irradiation therapy or enucleation®.
Therefore, better understanding of a UM cell’s migration
and invasion abilities will help in the development of
new approaches to metastasis treatment; this remains a
significant challenge when managing UM patients®®. Use
of the correct cell lines is important for better knowledge
of the functional abilities of UM cells. Hence, we used the
92.1 cell line because it is derived from primary UM and
not from metastatic tumors®”.

We demonstrated, for the first time, that amfenac can
significantly reduce the migration rate of 92.1 cells. The
ranibizumab and combined groups also exhibited a de-
creased migration rate but this was not significant. The
results highlighted the importance of VEGF and COX-2
in the metastasis pathway because blockage of these
targets affects cell migration.

Evaluation of the UM cell invasion rate showed an in-
significant difference among the groups. In fact, the cells
that received any treatment exhibited an increased inva-
sion rate. Additional research is needed to better unders-
tand these effects, and we suggest employing a measure of
angiogenic factors in culture media to enable the quantifi-
cation of the cytokines involved in the experiment.

Amfenac has been proven to increase the radiosen-
sitivity of UM cell lines"?, including the 92.1 cell line
used in the present study. We observed that at an 8 Gy
irradiation dose, the three treatment groups exhibited a
significantly decreased proliferation rate compared with
the control, demonstrating the capacity of these drugs
to increase the radiosensitivity of the 92.1 UM cells.
Both ranibizumab and combination therapy appeared
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to be better at increasing the sensitivity of UM cells to
irradiation compared with amfenac alone, although this
increase was not significant. Low-dose irradiation has
been shown to increase COX-2 levels‘'?; we were able to
improve the response of the tumor to irradiation using
a COX-2 inhibitor. As previously mentioned, this was
the first time that the effect of an anti-VEGF drug was
tested in association with irradiation against human UM
cells. Schwannomas are typically treated with radiation;
however, combining radiation with bevacizumab yields
increased efficacy and decreased radiation-induced
hearing loss, showing the importance of using combined
therapies to improve results while reducing adverse
effects®®. Amfenac also showed important effects as an
adjuvant therapy because the drug was able to protect
human fibroblasts from the effects of irradiation”®. The-
refore, both drugs tested in our experiment hold immense
potential as adjuvant therapies for UM.

Despite the improvements in brachytherapy, the
patient’s vision is impaired in 35% of cases within 5 years
and in 68% of cases at the 10-year follow up, because
thicker tumors are associated with worsening visual
acuity®?. Therefore, combined therapies can reduce the
number of complications associated with brachytherapy,
particularly those related to vision loss, such as radia-
tion-induced retinopathy or neovascular glaucoma"?.
Combined therapies can even increase the indication of
brachytherapy with consequent enucleation reduction
because the drugs can increase tumor cell radiosensitivi-
ty. The importance of reducing the enucleation rate and
occurrence of visual impairment has been highlighted
in the literature, particularly because these effects can
lead to higher levels of anxiety and depression among
patients who undergo enucleation or develop worsening
vision®?,

Future research should employ an animal model to
evaluate the effects of ranibizumab and amfenac, both in
isolation and in combination with radiation therapy, to
assess the outcomes in vivo and to clarify whether using
them together can prevent tumor growth.

The combination of ranibizumab and amfenac reduced
the proliferation rate of UM cells. However, only amfenac
monotherapy significantly reduced cell migration. None
of the medications tested affected the invasion rate of the
92.1 cells. The radiosensitivity of the 92.1 UM cell line
increased following the administration of ranibizumab,
amfenac, and combination therapy.

This represents the first report in the literature to show
the effects of ranibizumab, amfenac, and a combination

of these on the functional abilities and radiosensitivity of
92.1 UM human cells. Further investigation is warranted
to determine whether this approach is a viable pretreat-
ment strategy that can render large tumors amenable to
radiotherapy or to determine whether this therapy will
improve the management of patients with UM.
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