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Abstract
● AIM: To measure the concentration of vascular endothelial 
growth factor-A (VEGF-A), and placental growth factor (PLGF) 
in aqueous humor of uveal melanoma patients before 
and after Iodine-125 plaque therapy (IPT), determine the 
postoperative fluctuation and evaluate associated factors 
in vivo.
● METHODS: Participants were 18 Chinese patients 
with uveal melanoma who were elected to IPT. Undiluted 
aqueous humor samples were collected at Iodine plaque 
implant and removal time, then stored immediately at 
-80℃ until assayed. The concentration of VEGF-A, PLGF and 
other 7 cytokines comprising interleukin-2 (IL-2), IL-8, IL-10, 
interferon (IFN)-γ, programmed death (PD)-1, transforming 
growth factor (TGF)-β1 and insulin-like growth factor (IGF)-1
in aqueous humor was measured using Raybiotech 
immunoassay kit, a high throughput strategy. The VEGF-A 
and PLGF levels were compared across preoperation 
and postoperation subgroups, as well as those of other 7 
interleukins. Correlation and grouped analyses were conducted 
to determine the independent effects of clinical parameters 
and other cytokines on VEGF-A and PLGF concentration or 
fluctuation. This study set a self-control design.
● RESULTS: VEGF-A (P=0.038) and PLGF (P=0.026) were 
the only two increased cytokines after IPT. Preoperative and 
postoperative level of VEGF-A and PLGF (r=0.575, P=0.013; 
r=0.987, P<0.001) correlated with each other significantly. 
Level of VEGF-A (r=0.626, P=0.005; r=0.588, P=0.01) and 
PLGF (r=0.616, P=0.007; r=0.588, P=0.01) had positive 
correlation with tumor thickness consistently. Elevated 
VEGF-A or PLGF level were strong predictive factors of each 

other (P=0.007, OR=60.0). The elevated VEGF-A group 
showed a higher postoperative level of IFN-γ (P=0.005), IL-2 
(P<0.001) and IL-10 (P=0.004) in aqueous humor. When 
the elevated PLGF group got similar results that a higher 
postoperative level of IFN-γ (P=0.007), IL-2 (P<0.001) and 
IL-10 (P=0.013) in aqueous humor. 
● CONCLUSION: This study reveals that VEGF-A and 
PLGF in aqueous humor significantly increased with tumor 
thickness and radiation process in uveal melanoma 
patients. VEGF-A and PLGF may be crucial in uveal 
melanoma genesis and radiotherapy reactions. Immune 
mediators comprised IFN-γ, IL-2 and IL-10 could play roles 
in the link between inflammation and angiogenesis in uveal 
melanoma when exposed to radiotherapy.
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INTRODUCTION

U veal melanoma is the most common primary intraocular 
malignancy in adults, and with an obviously ethnic 

difference that is approximately 5-8 times more frequent 
in Caucasian than Asian[1]. Radiation treatment has held 
the dominant position for decades using isotopes such as 
Ruthenium (Ru)-106, Iodine (I)-125, and charged particle-like 
proton beam therapy or carbon ion therapy[2-4]. A considerable 
amount of clinical achievements have been made in diagnosis 
and treatment even the radiation-related complications for 
uveal melanoma[5-6]. However, our knowledge about the 
molecular biology underlying such a primary malignancy 
and radiotherapy reactions is quite limited. Inflammation and 
angiogenesis are two hallmarks of solid tumor[7-8], which had 
been well established for uveal melanoma in a deal of studies 
in vitro or in vivo already[9-10]. Researches using eyeball or 
ocular tissue, vitreous or aqueous humor and serum provided 



600

primary insights into the individual molecular characteristics 
of uveal melanoma and found that vascular endothelial growth 
factor-A (VEGF-A) has a validated role in its tumorigenesis, 
vasculogenesis and even metastatic prognosis[10-14]. But few 
has focused on the cases following brachytherapy. This time 
we use multiplex immunoassay and quantified analysis to 
investigate the aqueous humor concentration change and 
associative factors of VEGF-A and its homologous protein 
placental growth factor (PLGF) in Chinese uveal melanoma 
patients who treated by Iodine-125 plaque therapy (IPT).
SUBJECTS AND METHODS
Ethical Approval  This study was performed in accordance 
with the Declaration of Helsinki and was approved by the 
Medical Ethics Committee of the Beijing Tongren Hospital 
(TRECKY2015-017). All patients had been fully informed of 
the purpose and methods of the present study and provided 
written informed consent from themselves.
Patients  This prospectively consecutive randomized study 
included 18 patients who were eligible for IPT with unilateral 
primary choroidal melanoma evaluated at Tongren Eye 
Center between June 5, 2017 and September 25, 2017, then 
operated by the same surgeon. The exclusion criteria are as 
follows: 1) previous interventions of uveal melanoma; 2) any 
ophthalmic surgery history of the affected eye; 3) coexisting 
ocular disorders in the affected eye that could confound 
interpretation of cytokines’ level, such as vitreous hemorrhage, 
diabetic retinopathy, and aged-related macular degeneration; 
4) pregnancy or suckling phase for women, or a survival 
compromise status for any reason.
Data was recorded after thorough clinical check and laboratory or 
imaging examination, all baseline findings were documented 
with ultrasonography (Mylab 90, Esoate, Italy), orbital 
magnetic resonance imaging, fundus photography, optical 
coherence tomography (Heidelberg Spectralis HRA+OCT, 
Heidelberg, Germany). Fluorescein angiography and 
indocyanine green angiography were assisting tools in the 
differential diagnosis. All the diagnostic procedures were 
in accordance with findings of the Collaborative Ocular 
Melanoma Study (COMS) and Shields[5].
IPT was managed by a lead alloy COMS-type plaque[3,15]. An 
episcleral radiation plaque was placed to cover the entire base 
of tumor and a 2-mm margin beyond. Amount of 125I seeds and 
plaque carrying time were adopted to dosimetric consideration 
for 100 Gy to tumor apex. Following up has been arranged 
1mo after plaque removal then every 3mo routinely, and a 
thoroughly ophthalmic examination would be conducted. 
Systemic monitoring and screening for metastasis were 
recommended to be done twice-a-year.
Aqueous Humor Sampling and Multiplex Analysis  
Undiluted aqueous humor samples were collected at Iodine 

plaque implant surgery and plaque removal time by puncturing 
to the anterior chamber using a 30-guage injector through the 
corneal limbus. No less than 50 μL aqueous humor sample 
at one time and then it will be stored at -80℃ immediately 
until assayed. Raybiotech immunoassay kit QAH-CUST-1 
(Raybiotech, USA) was used to determine the aqueous humor 
concentration of 9 immune mediators comprising VEGF-A, 
PLGF, interleukin-2 (IL-2), IL-8, IL-10, interferon-γ (IFN-γ), 
programmed death-1 (PD-1), transforming growth factor 
(TGF)-β1 and insulin-like growth factor (IGF)-1. A multiplexed 
sandwich ELISA-based quantitative array platform was used to 
enable accurately determining the concentration of cytokines 
simultaneously and could accomplish similar sensitivity 
as traditional ELISA. The lowest detectable concentration 
(LOD, pg/mL) of the assay was predetermined based on the 
concentration of array specific cytokine standards. In this 
assay, it was 142.1 for IFN-γ, 1.9 for IL-10, 11.5 for IL-2, 
1.9 for IL-8, 26.2 for PD-1, 265.9 for TGF-β1, 2.0 for PLGF, 
619.7 for IGF-I, 13.9 for VEGF-A. Cytokines’ detectable 
concentration below LOD was set to its nonlinear output value. 
Concentration that recorded as “zero” meant undetectable, such 
frequency reached a peak (40%) for IGF-I, and PLGF (19%), 
PD-1 (18.0%), IFN-γ (9.1%), TGF-β1 (9.1%), IL-2 (9.0%).
Statistical Analysis  Statistical analyses were performed using 
SPSS 25.0 for Windows (IBM/SPSS, Chicago, Illinois, USA). 
Wilcoxon Signed Rank Test was used to compare cytokines 
level before and after IPT. Pearson correlation, control variables 
analysis and logistic regression were employed to confirm 
correlations between cytokines’ level and clinical parameters. 
Wilcoxon rank-sum test was served for grouped analyses. 
P-value of 2-tailed below 0.05 was thought of significance. 
RESULTS
A total of 18 subjects (18 eyes) who fulfilled the inclusion 
criteria enrolled in this study and undergone an entire follow-
up period more than 18mo. The mean age was 47±14.3 years 
old and no one has ciliary body involved. Of 11 patients 
had the right eye affected and 7 cases were on the left. Half 
the patients were female. The mean largest basal diameter 
and tumor thickness at diagnosis were 12.0±1.66 mm and 
6.9±2.27 mm, respectively. Radioactive plaque carrying time 
ranged from 7 to 35d and was 19.1d on average. No clinically 
significant complications associated with anterior chamber 
paracentesis had been observed. Three cases developed 
rubeosis iris or neovascular glaucoma (NVG) at 14mo after 
IPT on average and two had received eye enucleation for failed 
pharmacotherapy. We made the follow-up end at September  
30, 2019. No signs of metastasis or other survival comprised 
events were observed among these 18 patients. Patients’ 
clinical features are summarized in Table 1.

Expression variations of aqueous humor cytokines
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Concentration of the assayed cytokines was summarized 
in Table 2. Increasing expression of VEGF-A (Z=-2.069, 
P=0.038) and PLGF (Z=-2.187, P=0.026) were of statistical 
significance after plaque removal when compared with 
preoperative data (Figure 1). No significant post-radiation decrease 
of cytokines’ level was observed. Baseline concentration of 
VEGF-A (r=0.626, P=0.005) and PLGF (r=0.616, P=0.007) 
had positive correlation with tumor thickness (Figure 2) 
and kept this significance by post-radiation phase (r=0.588, 
P=0.01 for VEGF-A; r=0.588, P=0.01 for PLGF). Using 
partial correlation analysis to control variable effect of retinal 
detachment, this significance maintained between level of 
VEGF-A and tumor thickness (pre-radiation: r=0.63, P=0.007; 
post-radiation: r=0.575, P=0.016). And so was for PLGF 
(pre-radiation: r=0.497, P=0.042; post-radiation: r=0.579, 
P=0.015). The concentration of VEGF-A and PLGF (pre-
radiation: r=0.575, P=0.013; post-radiation: r=0.987, P<0.001) 
correlated with each other consistently (Table 3).
A further comparison has been performed between groups with 
the increasing magnitude of VEGF-A or PLGF concentration 
in aqueous humor reached a 15% point or not. It was relatively 
higher in postoperative concentration of IFN-γ (P=0.005), 
PD-1 (P=0.035), IL-2 (P<0.001) and IL-10 (P=0.004) for the 
elevated VEGF-A group (Table 4). For the elevated PLGF 
group, the postoperative concentration of IFN-γ (P=0.007), 
IL-2 (P<0.001) and IL-10 (P=0.013) was higher (Table 4). 
No positive difference has been observed in baseline tumor 
dimensions, preoperative cytokines level and these radiation 
features between different groups. Results of binary logistic 

Table 1 Clinical features of 18 Chinese uveal melanoma patients

Characteristics No. of
 patients %

Tumor stagea

  Stage I 1 5.6
  Stage II 17 94.4
Tumor configuration
  Mushroom 9 50
  Flat 1 5.6
  Hemisphere 8 44.4
Quadrantic location of tumor epicenter
  Superior 3 16.7
  Nasal 4 22.2
  Inferior 2 11.1
  Temporal 2 11.1
  Superior temporal 3 16.7
  Superior nasal 1 5.5
  Inferior temporal 3 16.7
Anterior margin of tumor
  Ora serrata to equator 2 11.1
  Equator to macula 15 83.3
  Macula 1 5.6
Associated serous retinal detachment
  No 5 27.8
  Yes 13 72.2
Subretinal fluid within 3 mm2 around fovea
  No 7 38.9
  Yes 11 61.1
aTumor stage classification refers to the 7th edition validation of 
American Joint Committee on Cancer[16].

Figure 2 Positive correlation between tumor thickness and aqueous humor VEGF-A level at baseline (A; r=0.626, P=0.005), and between 
tumor thickness and baseline level of PLGF (B; r=0.616, P=0.007).

Figure 1 A significant increase of VEGF-A level in aqueous humor after patients’ plaque removal (A; Wilcoxon signed rank test: Z=-
2.069, P=0.038), and increase of PLGF level (B; Wilcoxon signed rank test: Z=-2.187; P=0.026).
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regression showed with elevated VEGF-A more than 15% was 
the strongest risk factor for elevated PLGF more than 15% 
(B=4.094, P=0.007, OR: 60.0) and vice versa.
DISCUSSION
Radiotherapy is a curative therapy for about 40% of cancer 
patients, and is widely used in uveal melanoma for 
decades[4,17]. Radiation can induce direct and indirect cancer 
cell death, for it’s always so proliferative that have more 
chance to be handicapped in DNA repairment than host 
cells[18-19]. Tumor cell and the stroma grows, so-called tumor 

microenvironment (TME)[17] has been recognized as a central 
role in vasculogenesis, oxygen load, immunomodulation and 
radioresistance. Researches towards radiation on TME were 
conducted in many cancers[20-22]. But it’s rarely known for uveal 
melanoma that what biological effects can radiation induce 
since tissue necrosis and failure in gene expression profile 
would often hamper further findings[23]. Several centers referred 
to uveal melanoma’s ocular fluids research, considering that 
soluble mediators in continuously replenished aqueous humour 
and less mobile vitreous gel were optimal materials for 

Table 4 Grouped analyses of aqueous humour cytokines level differentiated by the increasing magnitude of VEGF-A or PLGF met a 
15% criterion than baseline                                                                                                                                                              mean±SD, pg/mL

Cytokines
VEGF-A

P
PLGF

P
Increase (n=11) Decrease (n=7) Increase (n=11) Decrease (n=7)

VEGF-A 1379±2773 648±333 0.407 1403±2765 610±332 0.465
PLGF 6±13 2±2 0.357 7±13 1±1 0.286
TGF-β1 533±305 324±287 0.166 492±284 389±357 0.507
IFN-γ 471±180 198±160 0.005b 467±184 204±166 0.007b

PD-1 11±42 7±13 0.035a 39±30 18±22 0.134
IL-2 11±13 7±3 <0.001b 13±4 3±3 <0.001b

IL-10 11±0.4 7±0.5 0.004a 1±0.4 1±0.5 0.013a

IL-8 11±51 7±43 0.745 63±72 24±21 0.187
IGF-I 11±601 7±786 0.673 705±768 623±1066 0.851

SD: Standard deviation. aPositive correlation with 2-tailed P-values <0.05; bPositive correlation with 2-tailed P-values <0.01.

Table 2 Aqueous humour cytokines level of 18 uveal melanoma patients before and after IPT                                                                 pg/mL

Cytokines
Before IPT After IPT

Pa

Median Mean±SD Median Mean±SD
VEGF-A 376.3 583.7±587.89 537.3 1094.6±2167.11 0.038
PLGF 1.5 1.5±1.18 2.1 4.7±10.10 0.026
TGF-β1 499.6 542.6±260.41 401.3 451.8±308.19 0.088
IFN-γ 458.9 404.5±206.18 353.0 364.9±216.79 0.468
PD-1 31.4 40.2±38.52 28.7 30.5±28.69 0.298
IL-2 8.1 8.9±6.36 8.6 9.1±6.06 0.899
IL-10 1.1 1.0±0.37 1.2 1.0±0.52 0.686
IL-8 20.7 52.5±66.82 22.6 47.8±59.75 0.742
IGF-I 214.8 556.4±775.34 200.3 673.1±865.93 0.389

IPT: Iodine-125 plaque therapy; SD: Standard deviation. aWilcoxon signed rank test was used and P-value with exact 2-tailed was shown.

Table 3 Correlations analyses between aqueous humour cytokines level before IPT

Cytokines PLGF TGF-β1 IFN-γ PD-1 IL-2 IL-10 IL-8 IGF-I
VEGF-A 0.013a 0.359 0.606 0.68 0.193 0.35 0.529 0.46
PLGF 0.856 0.157 0.268 0.826 0.559 0.935 0.875
TGF-β1 0.073 0.003b 0.053 0.032a 0.29 0.212
IFN-γ 0.004b 0.017a 0.001b 0.57 0.123
PD-1 0.185 0.134 0.783 0.024a

IL-2 0.001b 0.642 1
IL-10 0.154 0.188
IL-8 0.933

IPT: Iodine-125 plaque therapy. aPositive correlation with 2-tailed P-values <0.05; bPositive correlation with 2-tailed P-values <0.01.

Expression variations of aqueous humor cytokines
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revealing the proteomic mechanisms. And Boyd et al[24] have 
recorded a good consistency in VEGF concentration between 
aqueous and vitreous humor.
In the current study, we observed that post-radiation level of 
VEGF-A and PLGF elevated significantly, and concentration 
of the two homogenous growth factors had correlation 
consistently. There were reports on VEGF-A elevated 
expression after radiotherapy in uveal melanoma patients’ 
aqueous humor but most were about NVG patients[24]. And data 
for PLGF was absent. VEGF’s production by oxygen-deprived 
tumor cells and tumor-associated macrophages (TAMs) 
had been demonstrated by intensive studies in vitro[25-26]. 
VEGF is detectable in vitreous and aqueous humor of uveal 
melanoma containing eyes and may have prognostic prediction 
value[10,12,24]. Uveal melanoma is a hypoxic tumor like most 
malignancy and abnormal vasculature with high tumor 
proliferative capability renders a steady source for VEGF[17]. 
PLGF belongs to VEGF superfamily, shares 42% amino acid 
sequence, specific receptor, e.g. VEGF-R1/Flt-1 and can 
be also induced by TNF-α and hypoxia[27]. It’s possible that 
exposure of tumor and ocular tissue to γ-rays can destroy most 
radiosensitive living cells and results in intensive disturbance 
of local environment, which exacerbates local oxidative 
stress, induces immediate tissue repairment and inflammatory 
response[17,19,28], and thus causes such an elevation.
Tumor dimensions were strong predictors for radiotherapy 
complications and worse prognosis[5]. In our research, we 
found that the aqueous humor level of VEGF-A and PLGF 
elevated with tumor prominence persistently. Previous 
studies had also shown a good correlation of VEGF-A level 
with uveal melanoma prominence[24]. However, we failed to 
observe a significant correlation between concentration of 
VEGF-A, PLGF and the main radiotherapy parameters such as 
seeds number, radio plaque carrying time (d) and radioactive 
energy of 125I seeds (mCi). In a previous study about aqueous 
cytokines’ changes of uveal melanoma undergone Ru-106 
brachytherapy with adjunctive transpupillary thermotherapy, 
no obvious correlation has been found between VEGF-A 
expression and radiation interference[13]. Maybe it was due to 
our set of 100-120 Gy to the tumor apex was a much relatively 
stable dose. 
We found that level of IFN-γ, IL-2 and IL-10 shows a 
significant post-radiation variation between the elevated and 
not elevated subgroups of VEGF-A and PLGF in aqueous 
humor. It seemed like that radiation exposure makes something 
different. IL-2 performs multi roles in antigen-mediated T 
lymphocyte differentiation and excitation and enhances the 
cell-killing activity of NK cell and CD8+ T cell[29-30]. As a 
crucial component binding inherent and acquired immunity, 
IFN-γ is in charge of immune regulation, especially promotes 

Th1 cell differentiation and enhances macrophages’ killing 
ability[30-32]. There’re many common aspects between functions 
of IL-2 and IFN-γ. One is activating CD8+ T cell, and IFN-γ 
can be induced by NK cell[33]. IL-10 is believed a dual-role 
regulatory factor in the immune system, but in TME it’s more 
like an immune stimulation component for upregulation of 
IFN-γ expression by CD8+ T cell and in assistance with IL-2 to 
mediate anti-tumor capability[34]. Malignant tumors are always 
accompanied with unproperly local immune environment or 
immunosuppression of the whole organism[35]. Lee et al[13] had 

observed that uveal melanoma containing eyes had a relatively 
lower level of IL-2, IL-10, TNF-α and a higher level of IL-8, 
IFN-γ. Accumulating evidence showed radiotherapy can lead 
to more release of tumor-derived antigens, merge effective 
antigen-presenting cells, and trigger corresponding cytokine 
cascades, all of which are participants in tumor-related immune 
response[17,36]. Given IL-2 is crucial in cellular immunity and 
T cell activation, and IFN-γ is believed having antiangiogenic 
potentials[37], both of them are used in immunotherapy for 
strengthening anti-tumor property[30,38]. 
VEGF-A is active both in the primary tumor and irradiated 
tumors. It’s not simply a bystander of inflammatory reaction 
that can recruit macrophages and regulatory T cells (Tregs) 
to tumor tissue. It also contributes to vascular abnormity 
which increases tumor hypoxia and radioresistance[17,26]. Anti-
VEGF therapy is efficacious to tumor vessel normalization 
and may have the potential to enhance radiotherapy 
efficiency[39-40], though the precise timing and dose are being 
investigated[17]. It is well known that PLGF promotes vascular 
genesis in abnormal conditions such as ischemic disease. 
But it’s undetermined in tumor’s angiogenesis because 
controversial notions are keeping in sight[39]. The interplay 
is real a complexity of tumor-related immunostimulatory 
or immunoregulatory cells, and downstream cytokines or 
chemokines expression profile of TME[17,26,40]. How it made 
ties at the post-radiation phase between VEGF-A, PLGF 
and other cytokines like IL-2, IFN-γ and IL-10 required to 
be investigated for further. Whereas the current research 
may reveal certain fluctuation of VEGF-A and PLGF after 
therapeutic radiation of uveal melanoma. But what’s the 
association between this short-term variation and clinical 
outcomes for uveal melanoma patients is poorly understood 
so far and we failed to get a pleasing result for this time. For 
limited sample size and just restricted to protein analyses, 
may there are other implicative factors out of account kept 
unknown. As a self-control study, we choose previous studies 
as a comparator but find a relatively lower VEGF-A level in 
aqueous humor than we did[13,24]. It perhaps because of different 
detection strategies.
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In conclusion, this study demonstrates a notable elevation of 
VEGF-A and PLGF level in aqueous humour after IPT of uveal 
melanoma patients, and sheds some light on the molecular 
features indicating uveal melanoma’s radiotherapy reactions. 
Increased level of VEGF-A, PLGF with tumor prominence 
may be useful for predicting disease severity and long-term 
radiation-related outcomes. Post-radiative concentration 
variations of IFN-γ, IL-2 and IL-10 between different groups 
with VEGF-A and PLGF elevated or not may indicate their 
roles in radiation-induced immune response. Modulation 
of these factors might be therapeutic for uveal melanoma, 
radiative side-effect or radioresistance. More approaches and 
additional studies are needed to investigate what’s the specific 
manner and schedule of these mediators’ evolution modulated 
by radiation in the future. 
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