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ABSTRACT
Introduction
Traditionally, ciliary body destruction has been used to treat uncontrolled intraocular pressure (IOP) following maximally tolerable 
medical therapy. This is due to the large number of  complications seen with this procedure. However, recently a new technique 
of  sub-threshold laser or micropulse laser, is able to provide selective destruction of  the ciliary body in a controlled manner. This 
avoids most of  the complications seen with other modalities. We have performed a small case descriptive pilot study to assess the 
effectiveness of  micropulse transscleral cyclophotocoagulation (MP-TSCPC) in lowering IOP.
Methods
This pilot study was conducted on four patients in the age range 55-70-years with intractable glaucoma. Two patients had pri-
mary angle closure glaucoma, one-each had steroid-induced glaucoma and neovascular glaucoma. Mean baseline IOP was 32±2.4 
mmHg. Mean number of  glaucoma medications were 2.5±1.5. All patients underwent 180° MP-TSCPC. Absolute success was 
defined as IOP<20 mmHg without acetazolamide.
Results
Following the procedure the patients were followed-up at days 1,7,30 and 90. At the last follow-up of  the study, mean IOP was 
18.2±1.2 mmHg in all four patients. Mild anterior chamber inflammation was the only complication noted. Mean number of  
glaucoma medications reduced to 1.5±1.0 following the procedure. Thus, absolute success was achieved in all patients.
Conclusion
This small pilot study validates other studies which show effectiveness of  MP-TSCPC as an efficient and safe procedure to lower 
IOP. This procedure can be used over a wide variety of  cases, though the indications for such procedures are still evolving. More 
extensive and long-term studies will clarify the position of  this procedure in our glaucoma management practices.
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INTRODUCTION 

Glaucoma is a multifactorial neurodegenerative disorder. There 
are a number of  risk factors involved in the pathogenesis of  

glaucoma. These include raised intraocular pressure (IOP), increas-
ing age, race, family history of  glaucoma, certain medical condi-
tions such as diabetes mellitus and others. However, the only risk 
factor which can be controlled at present is IOP. This can be low-
ered either by reducing aqueous production by the ciliary body or 

  
increasing outflow through the trabecular meshwork (conventional 
pathway) or uveo-scleral tract (unconventional pathway). Certain 
drugs are able to act through these two aforementioned mecha-
nisms. Glaucoma filtering surgeries and glaucoma drainage devices 
aim to decrease IOP by increasing aqueous outflow. Aqueous pro-
duction can be decreased by utilizing surgical and laser methods for 
the destruction of  ciliary body. These cyclodestructive procedures 
have been in clinical use for many years and provided mixed results.
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Table 1. Patient Characteristics

S.No
Age 

(Years)
Sex Type of 

Glaucoma
Mean preop IOP

(mmHg)
Laterality

Mean postop IOP
(mmHg)

Visual 
Acuity

1 64 Female PACG 32 Right eye 16 HM

2 55 Male SIG 34 Left eye 18 CF 1m

3 70 Male NVG 36 Left eye 20 NPL

4 62 Female PACG 30 Right eye 18 HM

PACG=Primary angle closure glaucoma; SIG=Steroid induced glaucoma; NVG=Neovascular glaucoma;
HM=Hand movement; CF=Counting fingers; NPL=No perception to light.

 Cyclodestruction was previously reserved for refractory 
glaucoma.1 This technique was utilized after maximally tolerable 
medical therapy was ineffective and the patient had pain, poor vi-
sual acuity or poor visual potential or other complications due to 
uncontrolled IOP.  It has also been advocated when conjunctival 
scarring prevents any further surgery on the eye or when patients 
are unfit or refuse surgery. The rationale for limiting cyclodestruc-
tion to such above mentioned cases was the unpredictable nature 
of  the procedure. In eyes with satisfactory visual potential, more 
conventional methods such as trabeculectomy or lens extraction 
were preferred.2

 Conventional cyclodestructive laser procedures use con-
tinuous laser delivery to destroy the ciliary body. Therefore, the site 
of  aqueous production, namely the ciliary epithelium is damaged. 
IOP falls as a direct consequence of  reduced aqueous production. 
However, these lasers also cause collateral damage to tissues in and 
around the ciliary body. This has the potential of  excessive reduc-
tion of  aqueous humor production leading to ocular hypotony or 
even sympathetic ophthalmia. Such unpredictable results of  these 
cyclodestructive procedures have precluded their use in eyes with 
some degree of  visual potential.

 Recently, a new technique of  micropulse transscleral 
cyclophotocoagulation (MP-TSCPC) has been introduced. The 
potential advantage of  this procedure is focused, repetitive (“on-
off ”) delivery of  laser energy to the pigmented ciliary epithelium. 
This avoids collateral damage and more controlled IOP reduction 
is possible. This technique has expanded the indications for cy-
clophotocoagulation in eyes which had previously been excluded 
from these procedures. 

 We undertook this small pilot descriptive observational 
study to assess the effectiveness of  MP-TSCPC. Being a relatively 
new technique very few studies regarding this modality have been 
published. We have provided here the results of  our study as well 
as a review of  the currently available literature.

MATERIALS AND METHODS

The inclusion criteria for our study were patients with poor visual 
potential despite maximally tolerable medical therapy. Pain was not 
a requisite for including the individual in the study. Infact, only one 
patient in the study had ocular pain from the high IOP. Exclusion 
criteria were patients who had good visual potential or who were 
unfit for the procedure or those who refused the procedure. 

 Four patients in the age group 55-70-years were enrolled 
for the procedure. There were two males and two female patients. 
Two patients had primary angle closure glaucoma, one had steroid-
induced glaucoma and one had neovascular glaucoma. The mean 
baseline IOP was 32±2.4 mmHg. Written informed consent was 
obtained from all patients. Absolute success was defined as IOP 
below 20 mmHg without oral acetazolamide. The study was per-
formed after clearance from the Institutional Ethical Board and 
with consideration to the tenets of  Declaration of  Helsinki (Table 
1).

 All procedures were performed on the same day by one 
of  the authors (SSA). Peri-bulbar anesthesia was used for the pro-
cedure using 2% lignocaine. Under aseptic precautions adequate 
exposure of  the upper limbus was made. We performed MP-
TSCPC using the Iridex MP3 machine, provided to us on loan. 
The laser was set to 2000 mW; total duration of  the procedure was 
1.6 millisecond (ms), including 0.5 ms “on” time and 1.1 ms “off ” 
time, with 31.33% duty cycle. Only the upper 180° of  the limbus 
was treated, avoiding the 3- and 9- o’clock area where the ciliary 
neurovascular structures are present. The probe was kept about 3 
mm posterior from the limbus and perpendicular to the globe. In 
a “painting fashion” the probe was passed from one end to the 
other. Following the procedure an antibiotic-steroid ointment was 
applied and the eye padded for 24-hours. 

 The patients were seen in the clinic the next day and 
followed-up on day 7, day 30 and at day 90 after the procedure. 
During each visit parameters such as visual acuity and IOP were 
recorded. The symptoms and signs were noted by attending cli-
nicians. At three months after the procedure the mean IOP was 
18.2±1.2 mmHg; thus, absolute success was achieved in all four 
patients. No serious complications were noted during follow-ups. 
The only complication noted was mild anterior chamber inflam-
mation which resolved within 30-days after the procedure. The 
number of  glaucoma medications reduced from a pre-procedure 
mean of  2.5±1.5 to 1.5±1.0 post-operatively.

DISCUSSION

Historically, cyclodestruction by non-penetrating diathermy was 
first used by Weve.3 Subsequently, Vogt4 modified the technique so 
that a penetrating diathermy probe could be introduced through 
the sclera and destroy the ciliary processes. Experimental use of  
radium to destroy the vascular supply of  ciliary body was reported 
by Haik et al.5 The technique led to lens damage and was not used 
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clinically. Berens et al6 used cycloelectrolysis by using low-frequen-
cy galvanic current. High-intensity focused ultra-sound was initially 
conceptualized by Purnell et al.7 The most recent application of  
high-intensity focused ultrasound (HIFU) has been ultrasound cy-
cloplasty. This procedure allows selective coagulation of  the ciliary 
body and avoids possible damage to the adjacent ocular structures. 
In addition, stimulation of  supra-choroidal and trans-scleral por-
tions of  the uveoscleral outflow pathway has recently been pro-
posed as possible adjunctive mechanisms in reducing IOP.8

 Finger et al9,10 used trans-scleral microwave radiation to 
produce heat-induced ciliary body destruction. Weekers et  al11 
used xenon arc photocoagulation to achieve transscleral cyclode-
struction (TS-CPC). Vucicevic et al12 used a ruby laser to achieve 
the first laser-induced transscleral cyclophotocoagulation. Later 
neodymium yttrium aluminum garnet (Nd:YAG) laser and final-
ly diode laser were successfully incorporated as procedures for 
TSCPC.

 Traditional TSCPC lasers, such as the diode laser, deliver 
continuous energy to the ciliary body. This has the potential to 
damage collateral tissues, leading to complications such as hypot-
ony, visual acuity changes, sympathetic ophthalmia and phthisis 
bulbi. MP-TSCPC delivers repetitive, short bursts of  laser energy 
in an “on-off ” manner. The pulses of  light are emitted in the infra-
red region (810 nm) and strongly absorbed by melanin present in 
the pigmented ciliary epithelium. During the “on” phase the ther-
mal photocoagulative effect of  the laser destroys the ciliary body. 
During the “off ” phase the adjacent non-ciliary structures are al-
lowed to cool, protecting them from thermal damage. This reduces 
the complications seen in traditional TSCPC. The mechanism of  
TSCPC is apparently through damage to ciliary body, increased 
uveoscleral outflow, inflammatory effect on the ciliary body, and 
activation of  cellular biochemical cascades which cause decreased 
IOP.13-16

 There are only a few studies on the efficacy of  MP-
TSCPC available in current literature. In a study of  MP-TSCPC 
in refractory glaucoma conducted by Tan et al17 a 30% reduction 
in IOP in 72.7% patients and reduction in glaucoma medications 
from 2.1 to 1.3 at 18-months of  follow-up was reported. Aquino et 
al18 has compared MP-TSCPC with continuous wave-TSCPC (CW-
TSCPC) in 48 patients with refractory glaucoma. At 18-months 
of  follow-up 52% in the MP-TSCPC group and 30% in the CW-
TSCPC group were able to maintain an IOP of  6-21 mmHg (30% 
reduction from preoperative level). Mean number of  glaucoma 
medications reduced from 2 to 1.19 Kuchar et al20 has reported 
his study of  MP-TSCPC on 19 patients with advanced glaucoma. 
Atleast 20% lowering of  IOP was achieved in 73.7% patients after 
60-days of  follow-up. Mean glaucoma medications reduced from 
2.6 to 1.9. In another study by Emanuel et al21 consisting of  84 
eyes, MP-TSCPC achieved success in all patients by reduction of  
IOP from a mean of  27.7 to 11.1 mmHg (59.9% reduction). Glau-
coma medications reduced from mean 3.3 to 2.3 after 12-months 
of  follow-up. Gavris et al22 in his study of  MP-TSCPC in refrac-
tory glaucoma reported mean IOP reduction at one week in 60.3% 
patients and in 33.4% patients at one month. There was mean re-

duction in glaucoma medications by 0.71 at one month of  follow-
up. Williams et al23 performed their study in which 79 patients with 
refractory glaucoma underwent MP-TSCPC. Following the pro-
cedure, IOP between 6-21 mmHg was achieved in 75% cases at 
3-months and in 66% at 6-months. Mean number of  glaucoma 
medications reduced from 2.3 to 1.5 at last follow-up. Our study 
provided better results compared to the above mentioned reports 
probably due to the small size of  cohort and shorter follow-up. 
We plan to undertake a larger and longer evaluation after this pilot 
study.
 
CONCLUSION

Micropulse transscleral cyclophotocoagulation appears to be a use-
ful addition to our armament of  glaucoma management. The in-
dications for the procedure are evolving. Presently, the treatment 
is being offered to patients in order to reduce the number of  glau-
coma medications or reduce ocular discomfort from raised IOP. 
We performed this small case descriptive pilot study to determine 
the protocol and efficacy of  this procedure. As this was a pilot 
study we restricted our intervention to only those eyes who had 
limited visual potential. In this study IOP reduction was achieved 
in all patients with minimal complications at three months of  fol-
low-up. However, looking at the limited number of  patients and 
types of  glaucomas encountered during the study we recommend 
larger studies with longer follow-up and with different types of  
glaucoma. Such studies will provide us better understanding of  the 
procedure and the possibility to extend it to other patients who 
have traditionally been kept out of  the purview of  cyclodestructive 
procedures. The exact status of  MP-TSCPC at this time remains 
equivocal.

LIMITATIONS

Since the number of  patients in our study are very small and re-
stricted to a few types of  glaucomas it is not possible to extrapolate 
the results to all types of  glaucomas. Secondly, our follow-up was 
short (3-months) and so long-term results of  the procedure are 
not available yet. 
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ABSTRACT
Background
Retinoblastoma (Rb) is a highly angiogenic tumor, for which anti-vascular endothelial growth factor (VEGF) therapies have 
shown limited success in clinical setting. Recent investigations demonstrated upregulation of  ancillary axis including the platelet-
derived growth factor (PDGF) when VEGF is inhibited. This illustrates the need for novel therapeutics. Previous work from our 
lab showed inhibition of  the platelet-derived growth factor receptor-beta (PDGFR-β) by imatinibmesylate (IM), inhibited Rb 
cells proliferation in vitro. Novel therapies ideally are tumor-specific, leaving normal non-cancerous cells a stroma to perform their 
homeostatic functions. Rb treatments induce apoptosis of  the retinal endothelial cells, causing the release of  pro-inflammatory 
cytokines and chemokines to the microenvironment. 
Aims
We investigated the role of  the PDGFR-β in the tumor microenvironment and how inhibition of  this signaling pathway, as a 
potential targeted therapy, impacts angiogenesis in human retinal microvascular endothelial cells (hRECs), specialized neurons 
arborizing the retinal microvasculature. 
Results
Our results demonstrated that inhibition of  the PDGFR-β signaling pathway by IM affects the proliferation of  the Rb cells, but 
not hRECs. PDGFR-β signaling is not required for hRECs angiogenic activity, although it reduces the percentage of  VEGF-A-
producing cells.
Conclusion
These results illustrate a lack of  functional activity PDGFR-β signaling in hRECs and points to a more tumor-specific therapeutic 
option. This is of  critical importance as success of  treatment also depends on the ability of  the normal tissues to remain healthy 
after sensitization and/or killing of  the Rb tumor.
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INTRODUCTION 

Approximately 300 children are diagnosed each year in the 
United States with retinoblastoma (Rb), the most common 

intraocular cancer among childhood malignancies.1,2 The severity 
of  the disease depends primarily on the size and location of  the 
primary tumor. If  dissemination occurs Rb can spread throughout 
the retinal to the vitreous region, central regions of  the brain, to 
the bones and bone marrow. Metastases significantly reduce the 
survival rate. Treatments can include enucleation, systemic or lo-
cal chemotherapy, focal therapy, radiation therapy and in rare in-
stances stem cell transplantation.3 These treatments emphasize on 
the child’s life first, while vision and preservation of  the eye are of  
secondary concern.4

 Disruption of  the blood-retinal barrier (BRB), leaky ves-
sels and high-levels of  angiogenic responses including vascular 
endothelial growth factor (VEGF) and the active platelet-derived 
growth factor receptor-beta (PDGFR-β) signaling, are character-
istics of  Rb.5-7 Therefore, targeting the tumor and the angiogenic 
response may provide an alternative therapeutic strategy to this 
disease. In the last decade, Rb research has shifted to focus more 
on identifying and successfully targeting new pathways that are: 1) 
tumoricidal, 2) safer for healthy cells necessary for homeostasis 
and, 3) capable of  being administered locally. In our pursuit to 
develop novel Rb therapeutic strategies we recently identified the 
PDGFR-β as being highly active in Rb disease.5 We targeted the 
PDGF-PDGFR-β signaling pathway using imatinib mesylate (IM, 
akaGleevec® from Novartis), a protein-tyrosine kinase inhibitor 
approved to treat acute lymphoblastic leukemia (ALL) in adults 
and children that are Philadelphia chromosome (summarized in)8 

positive, among other malignancies, and showed in vitro reduction 
of  Rb growth, invasion, and survival in an AKT-, MDM2-, and 
NF-ĸB-dependent manner. 

 Current therapies against Rb act on both the tumor cells 
and the healthy, non-malignant, cells within the stroma. We previ-
ously demonstrated melphalan-induced upregulation of  ICAM-1 
and apoptosis in retinal microvascular endothelial cells.9,10 Apop-
tosis of  these cells release pro-inflammatory cytokines and che-
mokines to the microenvironment. In this study, we investigated 
in vitro the effects of  disruption of  the PDGF-PDGFR-β signaling 
pathway on primary human retinal microvascular endothelial cells 
(hRECs) cellular proliferation and function prior to transitioning 
into pre-clinical assessment of  the PDGF-PDGFR-β signaling 
pathway in Rb. Our work demonstrated that disruption of  this sig-
naling pathway is limited to reducing Rb survival without affecting 
hRECs viability and organization. This work supports our hypoth-
esis that anti-PDGFR-β therapy could be a tumor-specific therapy 
for use in children afflicted with Rb.

MATERIALS AND METHODS

Cell Lines and Cell Culture Conditions

Primary human retinal microvascular endothelial cells (hRECs, 
ACBRI 181) were purchased from Applied Cell Biology Research 
Institute (Cell Systems, Kirkland, WA, USA). Cells were cultured 

using four different conditions: untreated, recombinant human 
Platelet-Derived Growth Factor (rhPDGF, 10 ng/mL), Imatinib 
Mesylate (IM, 10 μM), and the combination of  rhPDGF+IM. Y79 
(ATCC, HTB-18) Rb cells11 were purchased from American Type 
Culture Collection (ATCC) (Manasas, VA, USA) and cultured as 
described above.  

Cell Proliferation Assay

Cell proliferation studies were performed using the CellTiter 96® 
AQueous One Solution Cell Proliferation Assay (Promega, Madi-
son, Wisconsin, USA) as before.12 Briefly, 1.0×104 UM cells per 
well were cultured in the conditions described above. CellTiter re-
agent was added at a concentration of  20 μL per 100 μL volume 
per well at specific time points of  0-, 48-, 72-, and 96 hrs after 
culture. Cells were incubated at 37 °C for 2 hrs before absorbance 
was read at 490 nm using a 96-well plate reader. Values expressed 
as mean±SEM, n=3 with 4 replicates. Statistical analysis done us-
ing Prism Graph Pad.

qPCR Analysis

RNA from 1.0×106 hRECs was extracted following the Qiagen-
miRNeasy Mini Kit (Qiagen, Valencia, CA, USA) manufacturer’s 
recommendations. Synthesis of  cDNA was performed using the 
SuperScript® VILO™ (complementary deoxyribonucleic acid) 
cDNA Synthesis Kit (Life Technologies, Grand Island, NY, USA). 
Following manufacturer’s directions, we used 100 ng of  ribonucleic 
acid (RNA) combined with the Reaction Buffer and the Enzyme 
Mix. We used the following Human TaqMan® Gene Expression 
Assays: HPRT1 (Hs02800695_m1), PDGFRB, and FLT1, all from 
Life Technologies (Grand Island, NY, USA). A final volume of  10 
μL was loaded into each well after combination of  TaqMan® Uni-
versal Master Mix, cDNA, primers and Nuclease Free water. Plates 
were run using Roche® Light Cycler 480 and data were analyzed us-
ing the Comparative ∆CT Method as before.12,13 Values expressed 
as mean±SEM, n=3 with 4 replicates.  

Tube Formation Assay

hRECs were cultured on Reduced Growth-Factor Matrigel (BD 
Biosciences, Bedford, MA, USA) in complete media (10% FBS, 
Cell BioSystems) or low serum (0.2% FBS). Additional culture 
conditions included rhPDGF and IM. Images were taken at both 
6- and 18 hrs, respectively using a Nikon C1 confocal microscope 
using 4x objective. Results are representative of  two independent 
experiments; three fields were taken per group at both 10x (data 
not shown) and 4x. 

Flow Cytometry Analyses

Monocultures of  Y79 Rb, hRECs and co-cultures of  Y79 Rb and 
hRECs (Rb:hREC) were treated using the conditions described 
above. Cell cultures were harvested at 24 hrs, fixed in PBS/2% 
paraformaldehyde, and labeled with anti-human PDGFR-β APC 
or with anti-VEGF-A AF700 (BioLegend, San Diego, CA, USA). 
Data acquisition done using a Bio-Rad ZE5 Cell Analyzer (aka 
YETI, Propel Labs, Fort Collins, CO, USA); analysis done using 
FlowJo vX.0.5 (Tree Star). Each analysis done on a minimum of  
50,000 events.
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RESULTS

Cell Proliferation of Human Retinal Endothelial Cells is 
Independent of PDGF-PDGFR-β signaling

We first measured Y79 proliferation using the tyrosine kinase in-
hibitor (TKI) imatinib mesylate (IM), a known inhibitor of  PDG-
FR. We had previously identified 10 μM as the most efficacious 
concentration.5 Inhibiting the PDGFR-β signaling with IM signifi-
cantly reducedthe proliferation of  Y79 Rb cells at 72 hrs (Figure 
1A). As a physiological control, we stimulated Y79 Rb cells with 
recombinant human PDGF-BB (rhPDGF), which we discovered 
to be highly abundant in the tumor microenvironment of  Rb.5 To 
investigate the role PDGF-BB may have on hRECs and to test if  
disrupting the PDGF-PDGFR-β signaling pathway by IM may be 
toxic to hRECs, we cultured hRECs in the same conditions as Y79 
Rb cells. We tested proliferation over 96 hrs using MTS cellular pro-
liferation assay and measured no changes in cellular proliferation 
(Figure 1B). These results illustrate how hREC proliferation occurs 
independent of  PDGF-PDGFR-βsignaling. Next, we investigated 
the expression levels of  PDGFRB to measure receptor activity. We 
harvested mRNA from hRECs and Y79 cells to measure the ex-
pression of  FLT1 (VEGFR1) and PDGFRB relative to HPRT1, an 
endogenous control. The mRNA expression of  FLT1 was higher 
in hRECs compared to Y79 Rb cells. However, PDGFRB mRNA 
expression was not detected (Figure 1C) in hRECs, while high ex-
pression was uncovered in Y79 Rb controls. Taken together, these 
results demonstrate how targeting of  PDGF-PDGFR-β signaling 
will not have anti-proliferative effects in hRECs, as they do not 
express PDGFRB.

Disruption of the PDGF-PDGFR-β signaling Pathway Does not 
Affect Angiogenic Activity in hRECs

To test the hypothesis that anti-PDGFR-β treatment will not af-
fect the normal, non-pathological, angiogenic activity of  hRECs, 
we cultured hRECs on reduced-growth factor extracellular ma-
trices under the following conditions: complete media (with 10% 
FBS), low serum (0.2% FBS), and low serum+rhPDGF (10 ng/
mL). Non-pathogenic organization of  hRECs display complex tu-
bular structures similar to blood vessels (Figure 2A, left).Under 
stressful conditions, simulated through serum starvation, hRECs 
do not readily organize into these branched structures, as shown 
in Figure 2A, middle. Next, we tested if  the PDGF-PDGFR-β sig-
naling could restore hRECs ability of  tube formation. Results in 
Figure 2A, right demonstrate this signaling pathway cannot restore 
hRECs angiogenic activity in vitro, defined by the tube formation 
assay.

 As a next step, we tested if  the PDGF-PDGFR-β signal-
ing pathway is capable of  promoting or stimulating tube forma-
tion. hRECs were all cultured in complete media and under the 
following conditions: untreated, stimulated with rhPDGF (10 ng/
mL), IM (10 μM), and rhPDGF+IM. We found no morphologi-
cal changes in hREC vascular organization (Figure 2B) across the 
different cell culture conditions. Ultimately, these results indicate 
hRECs angiogenic function is independent of  PDGF-PDGFR-β 
signaling.

PDGFR-β Contributes to hREC VEGF-A Production

To evaluate cellular interactions and potential role(s) PDGF-
PDGFR-β signaling may play in the Rb tumor microenviron-
ment, we set up a co-culture system composed of  Y79 Rb cells 
and hRECs using the same conditions described above. Y79 Rb 
cells were labeled with the non-toxic dye carboxyfluorescein suc-
cinimidyl ester (CFSE) to trace the cells during single cell analyses, 
while leaving the hRECs unlabeled (Figure 3A). Co-cultures of  
Rb:hRECs were done using two different ratios, 1:1 and 1:10, to 
examine potential cell number-dependent roles. Flow cytometry 
analysis for the evaluation of  the percentage of  PDGFR-β+ cells 
showed differences between Y79 Rb cells and hRECs. About half  
of  the Y79 Rb cells display immune positivity for PDGFR-β, while 
a minimal percentage for hRECs (Figure 3B, top left), confirming 
our mRNA results in Figure 1. In our co-cultures, we measured 
reductions in the percentage of  cells expressing PDGFR-β after 

Figure 1. hREC Proliferation Occurs Independent of PDGF-PDGFRb Signaling

hY79 cells or hRECs were cultured in the presence or absence of either PDGF-BB 
(10 ng/mL) or the PDGFR-β inhibitor imatinibmesylate (IM, 10 µM). (A) Assessment 
of Y79 cellular proliferation at 72 hrs the presence of either PDGF-BB or IM using 
the concentrations described above. (B) Assessment of hREC proliferation over 96 h 
in the presence of either PDGF-BB or IM using the concentrations described above.(C) 
qPCR analysis was done on both cell types to measure mRNA levels of both FLT1 and 
PDGFRB. All experiments done with N=3 and each sample done in triplicates. All results 
in represent mean ±SEM; **p<0.005. 

Figure 2. PDGF-PDGFR-β signaling is Unable to Initiate Tube Formation

hRECs were cultured using the following conditions: (A) complete media (10% FBS), low serum (0.2% FBS), low serum 
in the presence of rhPDGF (10ng/mL); (B) untreated (complete media), rhPDGF, IM(10 µM) or the combination of 
rhPDGF + IM on reduced growth factor Matrigel. Imageh using a Nikon C1 microscope and 10X (above) and 4X 
(data not shown) objectives. All experiments done in quadruplicate. Images above are representative of field of view.
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IM treatment, as shown in Figure 3B, top right. 

 Next, we examined the percentage of  VEGF-A+ cells 
in Rb cells and hRECs after disruption of  the PDGF-PDGFR-β. 
There was a reduction in the percentage of  vascular endothelial 
growth factor-A (VEGF-A)-producing cells in both mono- and 
co-cultures after disruption of  the PDGF-PDGFR-β signaling 
pathway (Figure 3C). Collectively, our results show a reduction in 
Y79 Rb cells expressing PDGFR-β+ and a reduction in VEGF-A-
producing cells in both Rb tumor cells and hRECs.
 
DISCUSSION AND CONCLUSION

Retinoblastoma (Rb) remains the most common intraocular ma-
lignancy afflicting children. While survival rates are typically above 
95% in the United States, clinical management is challenging in de-
veloping countries. New mechanisms for drug delivery have been 
developed in recent decades, specifically those of  super-selective 
intra-ophthalmic artery chemotherapy (SSIOAC) and intravitreal 
chemotherapy (IVT).14,15 These new treatment mechanisms have 
garnered much attention into increasing ocular salvage. Still, they 
often have severe side effects for the pediatric population including 
ischemia, neutropenia, a higher risk for development of  a second-
ary malignancy, and blindness.14,16-18 

 In recent years emerging efforts at the development of  
novel therapeutics for the control of  Rb tumor cells, while be-
ing safe for non-malignant cells for homeostasis, have increased. 
Therapeutic interventions at controlling VEGF have not succeed, 
suggesting other factors in addition to VEGF play pivotal roles 
in Rb. We recently identified the PDGFβ-PDGFR-β signaling 
pathway as an active pathway in Rb. Our work demonstrated a 
novel-signaling pathway for potential targeted therapy that could 
improve ocular survival in advanced Rb. While our initial studies 
focused on targeting of  the tumor cells, here, we investigated the 
effects of  pharmacological disruption of  this pathway in micro-
vascular retinal endothelial cells, key players in the blood-retinal 
barrierhighly affected by many ocular diseases including Rb and 
diabetes retinopathy. All of  these as necessary steps prior to transi-
tioning into pre-clinical evaluation.

 Previous work from our team9,10 identified how melpha-

lan and carboplatin, two commonly administered chemotherapies 
to treat Rb, increase retinal endothelial cell death and inflamma-
tion.9 A recent report discovered superselective intraophthalmic 
artery chemotherapy (SSIOAC) administration, while allowing for 
higher concentrations of  localized drug delivery, does affect the 
contralateral eye with concentrations of  drug in plasma being simi-
lar to those of  systemic (or intravenous) administration.19 As en-
dothelial cells are necessary to supply the healthy neural retina with 
nutrients via blood supply, significant loss of  these cells can result 
in neurodegeneration and, ultimately, vision loss. These endothe-
lial cells are also the primary component of  the BRB that pre-
vents cellular infiltration into the healthy retina and use of  an anti-
PDGFR-β therapy could help maintain this essential structure.20,21 
Our study demonstrates the pro-apoptotic effects of  IM are Rb 
cell specific, as hRECs proliferation is not affected. In contrast to 
human umbilical vein endothelial cells (HUVEC), which are widely 
used in in vitro studies of  endothelial cells, hRECs cannot signal 
through the PDGFR-β. This was demonstrated in our studies by 
genomic and flow cytometry analyses. Of  note, we measured a 
reduction in the %VEGF-A+cells in the hRECs and Y79 mono-
cultures. Work from Pennock and colleagues22 suggested VEGF-A 
could signal through the PDGFR-β to promote cell viability during 
hypoxic conditions. Studies in our laboratory showed no differ-
ence in VEGFA, VEGFR mRNA in Y79Rb cells (data not shown) 
when the PDGFβ-PDGFR-β signaling pathway is disrupted. Col-
lectively, this work suggests anti-PDGFR-β therapy could be an Rb 
tumor-specific therapy.

 The present study investigated the role of  the PDGF-
PDGFR-β signaling pathway in hRECs. As a functional readout of  
disruption of  this signaling pathway we used a genomic (PDGFRB 
mRNA expression), flow cytometry (percentage of  PDGFR-β+ 
cells and VEGFA-producing cells), and angiogenic (tube forma-
tion assay) approaches. We are cognizant of  the limitations of  the 
study as we focused on a small cohort of  hRECs properties in vitro. 
We utilized the primary hRECs, which are isolated after medical 
enucleations to link our cellular results to the translation of  human 
disease. These are considered “truly microvascular cells from the reti-
na”,23 in contrast to macrovascular cells from human umbilical vein 
or human artery. Literature reports demonstrated the presence of  
PDGFR-β in human umbilical vein endothelial cells (HUVEC), 
which contrast to the results presented in this work using hRECs, 

Figure 3. Treatment with IM Reduces hREC VEGF Production

Y79 and hREC co-cultures were generated. (A) Schematic representation of experimental design. Y79 cells were 
labeled with CFSE to distinguish them from hRECs. Cells were plated alone or in specific ratios (Rb:hREC) to measure 
cellular interactions. All cultures were treated with rhPDGF (10 ng/mL) or imatinib mesylate (10 µM). (B) Assessment of 
PDGFRβ+ by flow cytometry. (C) Identifying the percentage of VEGF-A producing cells (VEGF-A+) using flow cytometry. 
N=2 due to lack of hREC viability; all flow cytometry analyses done with minimum of 50,000 events.
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highlighting the need to use the appropriate models to translate the 
work. Further studies aim at investigating endothelial cell leukosta-
sis and toxicity in vivo using a Rb xenograft model developed by our 
colleagues.24 Histopathological findings will address ocular effects 
after in vivo disruption of  the PDGF-PDGFR-β signaling pathway 
and will allow for more in-depth analyses at cellular interactions 
within the microenvironment.

 Children with Rb face cosmetic and psychological chal-
lenges if  undergo enucleation. Those who undergo systemic che-
motherapy, although there is tumor reduction, become more likely 
to develop other cancers. Multiple adverse effects are noted in 
those who receive intra-arterial delivery of  the chemotherapeutics. 
Radiation therapy, similar to chemotherapy, has its adverse effects 
and lacks the ability to distinguish between healthy and cancerous 
cells. Targeted therapy has the potential to deliver more effective 
therapy, as it is designed to act on specific molecular targets, such 
as PDGFR-β, in a cell-specific fashion.
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