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ABSTRACT

Background and Objective. Retinoblastoma is one of the most common intraocular cancers among children usually 
caused by the loss of retinoblastoma protein function. Despite being a highly heritable disease, conventional diagnostic 
and prognostic methods depend on clinical examination, with limited consideration of cancer genetics in the standard 
of care. CD133, KRT19, and MUC1 are commonly explored genes for their utility in liquid biopsies of cancer including 
lung adenocarcinoma. To date, there are few extensive molecular studies on retinoblastoma in Filipino patients. To 
this end, the study aimed to describe the copy number of CD133, KRT19, and MUC1 in retinoblastoma samples from 
a Filipino patient and quantitate the respective expression level of these genes. 

Methods. Hematoxylin & Eosin (H&E) staining was utilized to characterize the retinoblastoma tissue while fluorescence 
in situ hybridization (FISH) using probes specific to CD133, KRT19, and MUC1 was performed to determine the copy 
number of genes in retinoblastoma samples from a Filipino patient (n = 1). The gene expression of CD133, MUC1, and 
KRT19 was quantitated using RT-qPCR. 

Results. The H&E staining in the retinoblastoma tissue shows poorly differentiated cells with prominent basophilic 
nuclei. CD133 was approximately 1.5-fold overexpressed in the retinoblastoma tissue with respect to the normal 
tissue, while MUC1 and KRT19 are only slightly expressed. Multiple intense signals of each probe were localized in 
the same nuclear areas throughout the retinoblastoma tissue, with high background noise. 

Conclusion. These findings suggest that CD133 is a potential biomarker for the staging and diagnosis of retinoblastoma 
in Filipino cancer patients. However, further optimization of the hybridization procedures is recommended.
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INTRODUCTION

Retinoblastoma (RB) is the most common intraocular 
tumor in children below 15 years of age, accounting for 
about 2% of all cancers diagnosed annually in the US and 
Europe.1,2 In the Philippines, there has been a reported 
fivefold increase in the incidence of retinoblastoma over the 
last four decades from 48/100,000 to 237/100,000 cases.3 
Clinical manifestations include leukocoria, a white reflection 
evident in the pupil, and the characteristic strabismus, which 
is the misalignment of the eyes observed when focusing 
on one object. Standard retinoblastoma diagnosis involves 
examining the intraocular fundus under general anesthesia 
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and ultrasound supplementation. In some cases, the use of 
computed tomography and magnetic resonance imaging is 
required. Several retinoblastoma treatments are available, 
including chemoreduction using vincristine, etoposide, and 
carboplatin, focal therapy, external beam monotherapy, and 
enucleation. However, retinoblastoma has a tendency to 
spread to the brain and bone marrow, but seldom to the lungs. 
The disease prognosis is affected negatively by extraocular 
extension and invasion along the optic nerve and choroid.4

Approximately 50% of retinoblastoma cases occur in 
individuals who have inherited a germline mutation of 
the RB allele, leading to a potential loss of control in the 
cell cycle and genomic instability.5 The pathophysiology 
of retinoblastoma usually occurs as a result of the loss of 
function of the two alleles of retinoblastoma (RB1) in the 
chromosome 13q14 locus. RB1 is a 190 kb gene with 27 
exons that encodes for the 928-amino acid retinoblastoma 
protein (pRB), a cell cycle regulator.5 During the G0 and 
early G1 phases, dephosphorylated pRB binds to the E2F 
transcription factor, blocking its transactivation domain. 
Hyperphosphorylation by cyclin-dependent kinases (CDKs) 
causes pRB to release E2F, resulting in the transcription of 
genes necessary to initiate the S phase of the cell cycle. In the 
Philippines, a study characterized retinoblastoma mutations 
in tumor samples obtained from Filipino patients. Among the 
six patients, four were observed to have no mutations in the 
exons, while one had no exons amplified. A novel missense 
mutation (R1861S) was identified in the cohort.6

Previous studies on retinoblastoma primary tumors and 
cell lines have found the presence of a few characteristics 
associated with cancer stem cells (CSCs). It was reported that 
RB tumor populations derived from both mice and human 
cell lines express adenine triphosphate-binding cassette 
transporter G2 (ABCG2) protein,7 a cell surface marker 
capable of providing chemoresistance. This ability to survive 
chemotherapeutic treatment is believed to be attributed to 
the presence of CSCs.8 In addition, other stem cell markers 
such as Octamer-binding transcription factor 4 (OCT4), 
Nestin, CD44, sex-determining factor Y-box 2 (SOX2), and 
paired box 6 (PAX6) were also identified to determine the 
tumorigenicity and origin of retinoblastomas.9 The detection 
of these markers plays a vital role in characterizing the 
stemness of the Rb, which aids in elucidating their cellular 
behavior. In turn, this creates wider opportunities for proper 
intervention and targeted therapy. 

Various studies related to RB have found CD133 to 
be expressed in heterogenous RB tumors and cell lines, 
suggesting its specificity to CSCs. CD133 is a transmembrane 
protein that is encoded by a single-copy gene on chromosome 
4 (4p15.33).10 Its expression in undifferentiated progenitor 
retinal cells increased the capacity for tumor growth and 
invasiveness, suggesting its possible use as a biomarker for 
the development of retinoblastoma.11 Meanwhile, CD133 has 
been investigated in other malignancies elucidating its viability 
to be an excellent cancer biomarker. Studies on a pancreatic 

cancer cell line have revealed a positive correlation between 
the expression of CD133 and an increase in the induction 
of the epithelial-mesenchymal-transition (EMT) in cancer 
cells, resulting in increased tumorigenicity, invasiveness, 
and metastasis.12 Further, it has been found that CD133 
modulates the expression of HIF-1a in hypoxic conditions 
that promote EMT and cancer cell migration in vitro.13 

Aside from CD133, other biomarkers such as mucin-1 
(MUC1) and keratin 19 (KRT19) have been utilized to 
characterize CSCs in various malignancies. MUC1 is a 
transmembrane protein belonging to the mucin family 
coded in the long arm of human chromosome 1.14 MUC1 
is normally expressed in mammary epithelial cells, and has 
been considered a valuable gene marker in the diagnosis 
and detection of gastric cancer, breast cancer, and malignant 
mesothelioma.15 Overexpression has been linked to the 
development of cancer and metastatic aggressiveness of 
cancer cells.13 Conversely, keratin 19 (KRT19) is an acidic 
type 1 keratin specifically expressed in the periderm and 
human epithelial cells, encoded in chromosome 17q21.2. It 
is a marker of epidermal stem cells.16 It has been identified 
as a tumor detector gene and a biomarker for breast 
cancer.17 The Cypfra 21-1 fragment is a potential serum 
biomarker for thyroid carcinoma and hepatocarcinoma.18 
KRT19 modulates cancer stem cell reprogramming in 
breast cancer models.19 Amplifications of KRT19 were 
significantly associated with lymph node-positive breast 
cancer and were found to be highly expressed in patients with 
pancreatic tumors, associated with larger tumor sizes, poorly 
differentiated tumors, and lymph node metastasis.20,21

As of present, there are few extensive molecular studies on 
retinoblastoma in Filipino patients.6,22 Despite being a highly 
heritable disease, the standard of care for retinoblastoma 
does not take into consideration the genetics of cancer. To 
bridge the gap between molecular cytogenetics and clinical 
retinoblastoma, we observed the changes in the DNA copy 
number and gene expression of certain cancer stem cell genes, 
CD133, KRT19, and MUC1. Current methods for detecting 
and quantitating these cancer biomarkers include colorimetric 
assays, polymerase chain reactions, electrophoresis, optical 
methods, and others. In this study, polymerase chain reaction, 
followed by fluorescent in situ hybridization, was used for 
the visualization of hybridization signals at the cellular 
level, allowing the characterization of cell populations in 
the tissue samples. Our study provided a baseline molecular 
cytogenetics profile for Filipino retinoblastoma patients and 
insights on the malignancy of retinoblastoma, contributing to 
information on future diagnosis, prognosis, and therapeutics.

MeTHODS

Sample Source
Retinoblastoma tissue blocks were acquired from 

a histopathologic confirmed and clinically diagnosed 
retinoblastoma patient admitted in one of the local hospitals 
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in Metro Manila, Philippines. The tissue block specimens 
were anonymized, paraffinized, and subjected to slide 
preparation. Any data pertaining to the patient’s identity 
were kept confidential and anonymous. Informed consent is 
not required from samples with no identifiers following the 
National Ethical Guidelines for Health and Health Related 
Research by Philippine National Health Research System 
Guidelines.23

The samples were manually sectioned to approximately 
5 μm using a microtome (SLEE Medical), and mounted on 
glass slides pre-soaked in 0.1% HCl solution (3 to 5 minutes) 
coated with albumin. These were then incubated in an oven 
for 5 hours, set at 80°C.

Hematoxylin and eosin (H&E) staining 
The procedure for H&E staining was based on the 

protocol of the National Institute for Open Schooling with 
minor modifications.24 Deparaffinization was performed 
through two changes of xylene for 5 minutes for each change. 
Rehydration of tissues was done by washing in decreasing 
concentrations of ethanol for 2 minutes for each change 
and finally in distilled water for 15 seconds. Slides were 
stained by hematoxylin for 6 minutes and excess stains were 
removed by washing with running tap water for 5 minutes. 
Differentiation of tissue slides was done in 1% acid alcohol 
for 15 seconds and rinsing was done with running tap water 
for 1 minute. Subsequently, slides were subjected to the 
bluing solution for 50 seconds and washed in running tap 
water for 5 minutes. Counterstaining was done by dipping 
the slides in 95% ethanol for 10x and soaking them in eosin 
Y for about 1 minute. Prior to mounting and viewing, the 
slides were subjected to dehydration by washing in 3 changes 
of 95% ethanol for 2.5 minutes each washing, and clearing 
with two washes of xylene for 2.5 minutes for each change. 
The prepared slides were viewed using a transmission light 
microscope (EVOS® XL Core, Life Technologies). A 
clinical pathologist from The Lung Center of the Philippines 
identified areas of the retina with cancer cell morphology and 
areas that have not been invaded by retinoblastoma. 

Total RNA extraction
Total RNA was extracted from the areas with 

cancer tissue using the Total RNA Prep Kit Version 2.0 

(BioFACT™) following the manufacturer’s protocol. The 
concentration of the collected RNA was quantified using a 
spectrofluorometer (Quantus™).

Reverse transcriptase-quantitative polymerase 
chain reaction (RT-qPCR)

Amplification and quantification of expressed genes 
of CD133, MUC1, and KRT19 in retinoblastoma tissue 
samples were done using reverse transcriptase-quantitative 
polymerase chain reaction (RT-qPCR) (Bio-Rad). The 
Oligo(dT)20 Primer and SuperScript™ III Reverse 
Transcriptase kit (Medical Test Systems Inc.) were utilized 
to reverse transcribe the 10 ng total RNA into cDNA for 
30 mins at 50°C. The generated cDNA was amplified using 
SsoAdvanced™ Universal SYBR® Green Supermix kit (Bio-
Rad). The cancer biomarker gene primer sequences and the 
utilized thermal profile for amplification are shown in Table 1. 

Primers specific to the three genes were utilized along 
with the glyceraldehyde-3 phosphate dehydrogenase 
(GAPDH) gene as the reference. The relative expression of 
these four genes was determined using the delta-delta cycle 
threshold (ΔΔCt) method.25

Fluorescence in situ hybridization (FISH)

Tissue preparation
The FISH protocol of Cocadiz et al. and Richardson 

and colleagues was adopted with minor modifications 
in the deparaffinization and pre-treatment steps.26,27 The 
deparaffinization step consisted of 3 washes of xylene for 
5 minutes each, followed by two washes of 95% ethanol for 
5 minutes each. The samples were then left to air dry. 

Pre-treatment was done by soaking the deparaffinized 
slides in citrate buffer (0.04 M sodium citrate, 0.06 M citric 
acid; pH 6.0) in an 80°C water bath for 10 minutes. This 
was followed by soaking in distilled water for 3 minutes. 
Excess buffer was removed through blotting.

Antigen retrieval and dehydration
Enzyme digestion was done by dropping approximately 

2.0 ml of proteinase K (1 mg/mL) onto the sample on the slide. 
The slides were then incubated at 37°C for 15 minutes, with 
the continuous dropping of proteinase K to prevent under-

Table 1. Primers Used to Amplify the Expressed Cancer Biomarker Genes and the Corresponding Thermal Profile
Cancer Biomarker Primer sequence Thermal Profile

GAPDH
Forward Primer 5’- ACC CAC TCC TCC ACC TTT G - 3’

95°C for 5 minutes (initial denaturation); 94°C 
for 0.5 minute (denaturation), 57°C for 0.5 

minute (annealing), and 72°C for 0.5 minute, 
35 cycles; 72°C for 5 minutes (final extension). 

Reverse Primer 5’- CTC TTG TGC TCT TGC TGG G - 3’

CD133
Forward Primer 5’- GAC CAA AGA GGC GTT GGA GA - 3’
Reverse Primer 5’- TGG ACC AGG CCA TCC AAA TC - 3’

MUC1
Forward Primer 5’- CTT ACA GCT ACC ACA GCC CC - 3’
Reverse Primer 5’- AGC TGG GCA CTG AAC TTC TC- 3’

KRT19
Forward Primer 5’- ACT ACA GCC ACT ACT ACA CGA C - 3’
Reverse Primer 5’- CAG AGC CTG TTC CGT CTC AAA C - 3’
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digestion. This was followed by digestion at room temperature 
for another 15 minutes, then by washing with distilled water 
for 3 minutes. After air drying the slides, sequential washing 
with increasing concentrations of ethanol (70%, 85%, 95%) 
was done for 1 minute in each wash then left to air dry.

Hybridization
Primer3Plus software was used in designing gene specific 

fluorescent probes based from the GenBank sequences 
of CD133, MUC1, and KRT19 genes. Probe specificity 
was verified using the Basic Local Alignment Search Tool 
(BLAST) software. Three fluorescent probe labels were 
used in hybridization: FAM (carboxyfluorescein), TET 
(tetrachlorofluorescein), and CY3 (cyanine-3). 

Fluorescent probes were diluted with hybridization 
buffer and 8 μL aliquots of each probe mixtures were added 
onto the sample slides under dim light. Slides were then 
covered with glass coverslips and sealed without air bubbles. 
Co-denaturation was done by heating the slides in a container 
soaked in the water bath at 72°C for 6 minutes. The slides were 
hybridized overnight for 16-18 hours at 37°C in a humidified 
chamber. The design of fluorescent probes is shown in Table 2. 

Post Hybridization
Slides were soaked in post-hybridization wash solution 

containing 100 mL saline-sodium citrate (SCC), 300 μL 
Tween 80, and penicillin-streptomycin with gentle agitation 
until to remove the coverslips. Subsequently, the slides were 
then placed in another post-hybridization wash (100 mL 
SSC, 300 μL Tween 80) and heated in a water bath for 2 
minutes at 72°C. The slides were left to air dry in the dark 
before applying 20 μL of 4',6-diamidino-2-phenylindole 
(DAPI) for nuclear counterstaining. These were then 
covered with a glass coverslip, sealed, and stored at -20°C 
for 20 minutes before viewing. The slides were then viewed 
using a fluorescence microscope (EVOS® FL Color, Life 
Technologies). The copy number for each gene probe was 
determined using the protocol of Schildhaus and colleagues 

with modifications.28 Cells with distinct borders using the 
DAPI stain were counted for the number of fluorescent 
signals inside the cell. Clusters of signals were given a count 
of 5. Counts were made by three observers and then averaged.

Waste Disposal
Tissue slides were placed in a red, rigid, leakproof, 

and puncture-resistant biohazard sharps container. The 
container was autoclaved at 121°C for 30 minutes for  
decontamination. 

ReSUlTS

Histopathological examination of tissues using H&E 
staining was applied to describe sections of tissues both the 
areas with cancer cells and the absence of neoplasm (Figure 1). 

The tissue microsection of the patient’s sample is 
presented in Figure 2. The retinoblastoma microsection 
revealed infiltration sheets, trabeculae, and nests of small 
blue cells with relatively uniform and hyperchromatic nuclei 
and scanty cytoplasm (Figure 2A). In some areas, Flexner-
Wintersteiner rosettes were also seen, showing neoplastic 
cells lining up around an empty/central lumen delineated by 
distinct eosinophilic fibrous bars (Figure 2A; white arrows 
with black outline). Necrosis was observed in the adjacent 
areas. Horner-Wright rosette formation was also seen 
wherein a displaced cell nucleus is radially arranged about 
the tangle of fibrils. (Figure 2A; black arrows with white 
outline). In contrast, the non-neoplastic microsection revealed 
normal differentiation and distribution (Figure 2B) of 
pigmented epithelial cells and cell bodies of photoreceptors 
(Figure 2B; gray arrows with white outline). There is also 
the absence of Flexner-Wintersteiner rosette, a known 
neoplastic differentiation in the retinoblastoma sample. 

Satisfactory probes signals were seen in both retino-
blastoma and non-neoplastic microsections. The overlay of 
the signals detected in the retinoblastoma microsection using 
the three fluorescent probes (FAM, TET, CY3) is presented 
in Figure 3A. Nuclear DNA in both retinoblastoma (Figure 
3B) and non-neoplastic section (Figure 3C) was labeled using 
DAPI. In the retinoblastoma microsection, multiple distinct 
signals can be observed for KRT19 (Figure 3D) and CD133 
(Figure 3H) with only a few, distinct signals for MUC1 
(Figure 3F). Conversely, only the CY3 probe has displayed 

Table 2. Cancer Biomarkers Used and its Gene Specific Fluorescent Probe Sequences
Cancer Biomarker GenBank gene ID and chromosome location Fluorophores Probe Sequences

CD133 PROM1 (ID: 8842; NC_000004) 5’-FAM TCC TGT GCA TGG TTG GGT AT
MUC1 MUC1 (ID: 4582; NC_000001) 5’-TET CTG AGG CTG GAA AAC CAC TC
KRT19 KRT19 (ID: 3880; NC_000017) 5’-CY3 GGG GTT TAG AAT CTG CCC TC

Figure 1. Fixed slide showing the hematoxylin and eosin 
staining of retinoblastoma samples. The encircled 
red area is the microsection of focus for examination 
where both neoplastic and non-neoplastic areas of 
the tissue can be seen.
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multiple signals in the tested non-neoplastic tissue section 
indicating the presence of KRT19 in this section (Figure 
3E). There were no TET (Figure 3G) and FAM (Figure 3I) 
probe signals found in the tested non-neoplastic tissue. 

In terms of the average copy number of genes, KRT19 
is highly expressed in non-neoplastic tissue as compared 
to retinoblastoma. In contrast, the average copy number of 
MUC1 and CD133 were found higher in retinoblastoma in 
relation to the non-neoplastic tissue (Table 3). Furthermore, 
findings of the delta-delta cycle threshold (ΔΔCt) showed 
that CD133 is approximately 1.5-fold overexpressed with 
respect to the non-neoplastic tissue (Figure 4). The relative 
gene expressions of both MUC1 and KRT19 are only slightly 
expressed in the retinoblastoma tissue with respect to the non-
neoplastic tissue. The corresponding average copy number 
of genes and the relative gene expressions are summarized 
in Table 3.

DISCUSSION

Our results indicated that CD133 was the most 
upregulated gene in the retinoblastoma sample as detected by 
increased copy number in FISH and supported by the relative 

gene expression analysis. This finding is most significant in 
considering the potential of retinoblastoma cells to undergo 
metastasis, as CD133 has been found to be closely linked 
to the EMT mechanism of cancer cell migration.12,13,29 

As retinoblastoma is a rare disease commonly occurring in 
children, histopathological examination of the tumor remains 
to be the gold standard for definitive diagnosis. Likewise, the 
detection of CD133 copy number via FISH especially in the 
early stages of retinoblastoma tumorigenesis will be useful in 
determining the progression of the disease and likewise will 
have an impact on the planning of therapeutic approaches.30 
However, there appears to be limited data on the utilization 
of FISH in the diagnosis and staging of retinoblastoma. 

The use of FISH in the diagnosis of other cancers and 
tumors has been established.31 FISH can also be used to 
determine predictive markers in non-small cell lung cancers 
through the identification of aberrant epidermal growth 
factor receptors and anaplastic lymphoma kinase genes.32 
Likewise, a case series reporting the diagnostic staging of 
spindle and round cell kidney tumors reported the utilization 
of FISH in differentially diagnosing rare renal tumors, 
when histopathological diagnosis remained unaffirmative.33 
The use of FISH in the diagnosis and assessment of the 
progression of retinoblastoma can then be considered.

Based on the reviewed literature, all three genes were 
found to be overexpressed in various cancers; the hypothesis 
is that it is the same in retinoblastoma cancers. Our results 
show that this is consistent for CD133 but the copy number 
of MUC1 and KRT19 appeared to be similar between 
non-neoplastic and retinoblastoma cells. Among the three 
investigated genes, CD133 appears to be the most viable 
marker as its copy number was supported by a higher relative 
gene expression data from qPCR. 

Table 3. Summary of Copy Numbers of each Detected Gene 
by FISH, and Relative Gene Expression Determined 
by qPCR

Gene
Copy number (Average) Relative Gene 

Expression of RbNon-neoplastic Retinoblastoma
MUC1 0.45 2.91 ~0.50
KRT19 1.93 1.90 ~0.50
CD133 0.78 4.20 ~1.50

Figure 2. Tissue microsections in H&E staining viewed under transmission light microscopy (400x). (A) Retinoblastoma micro-
section; characterized by basophilic, poorly differentiated cells and in some areas, cuboidal cells forming a circle with 
a central lumen (white arrows with black outline) and with granular-stained center (black arrows with white outline) were 
also seen. (B) Non-neoplastic microsection; characterized by populations of pigmented epithelial cells and cell bodies of 
photoreceptors (gray arrows with white outline).

A B
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Figure 3. Fluorescence in situ hybridization using FAM, CY3, TET and DAPI (counterstain) probes of the retinoblastoma (A-E) and 
non-neoplastic microsections (F-I) under fluorescence microscope (400x). (A) Overlay signals of FAM, CY3, TET, and 
DAPI in retinoblastoma microsection. DAPI probe used in the localization of nucleus as seen in bright blue spots against 
the field: (B) retinoblastoma microsection; (C) non-neoplasm microsection. CY3 stain for detection of KRT19, signals 
are seen as bright red dots: (D) retinoblastoma microsection; (E) non-neoplasm microsection. TET stain for detection 
of MUC1, signals are seen as bright yellow dots: (F) retinoblastoma microsection; (G) non-neoplasm microsection. FAM 
stain for detection of CD133, signals are seen as bright green dots: (H) retinoblastoma microsection; (I) non-neoplasm 
microsection. Scale, 10 µm; magnification, 400x.
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Using FISH in cancer diagnostics can be beneficial 
when assessing tumors with low cell numbers.34 As such, 
retinoblastoma tumors may yield small sample sizes due to the 
rarity of the disease and can thus be used in FISH to determine 
gene copy duplication for assessment. Aside from this, FISH 
as a method in determining the severity of cancer can be 
used to plan treatment as prompt intervention is necessary 
in order to save the lives of patients.4 Since tumor biopsies of 
retinoblastoma are generally contraindicated, the assessment 
of aqueous humor as a surrogate for a tumor biopsy can be 
done. Analysis of aspirated aqueous humor in retinoblastoma 
patients has shown a significant amount of isolated nucleic 
material,35 opening the possibility of taking cells isolated 
from the aqueous humor and subjecting it to FISH analysis. 
However, previous studies recommend targeted evaluation of 
cells in order to take full advantage of FISH,31 that is, the 
prerequisite knowledge is necessary for assessing cancer cells 
as opposed to normal cells or non-malignant cells.

Prognostication is another important component in 
the clinical management of cancer patients. Approaches 
to prognosis are therefore continually being explored and 
developed for different types of cancer. One strategy for both 
diagnosis and prognosis of cancer makes use of the detection of 
genes as molecular biomarkers. Because of this versatility and 
the growing evidence for its value in cancer diagnostics and 
prognostics, many studies have looked into the use of FISH 
for genetic aberration detection in specific types of tumors. 
For example, a study compared the value of conventional 
cytology and FISH-detected chromosomal aberration in 
predicting failure to intravesical bacillus Calmette-Guerin 
(BCG) therapy for non-muscle-invasive bladder cancer and 
concluded that FISH was superior to cytology both as a 
marker of relapse and in the assessment of the failure risk after 
BCG.36 In a prospective study, a strong association was noted 
between the prevalence of human chromosome telomerase 
gene expression and cervical intraepithelial neoplasia 1 (CIN 
1) natural prognosis using FISH as their gene detection 

method.37 FISH analysis was also performed for the mixed-
lineage leukemia gene using marrow samples from patients 
with acute leukemia. This demonstrated that FISH could 
detect aberrant MLL signals which were associated with 
prognosis for patients with acute myeloid leukemia.38

Although FISH continues to prove itself as a promising 
prognostication method for cancers, it has its share of 
limitations. For instance, FISH detects only abnormalities 
in genomic regions targeted by the specific probes and does 
not use a whole-genome approach unlike in a full metaphase 
karyotype via G-bands.38,39 In this study, only CD133, KRT19, 
and MUC1 were explored as potential markers and only 
CD133 had a positive result. The utility of FISH may therefore 
be recommended for confirmatory instead of exploratory 
studies for genetic markers for retinoblastoma. FISH is also 
unable to detect missense/nonsense point mutations, very 
small insertions, and deletions, as well as very small intragenic 
duplications.40 Alcohol-fixed or air-dried specimens are more 
well-suited for FISH rather than formalin-fixed and paraffin-
embedded cell block or tissue sections, since cells from the 
former showed less nuclear overlap, lack nuclear truncation, 
and generally have better DNA quality.35 Paraffin-embedded 
cell blocks were used in this study and the appearance of 
cloudy clusters may have been influenced by possible nuclear 
overlaps and poor DNA quality. It is therefore recommended 
that optimization for each type of specimen be done for FISH 
to be well-suited for all types and data is not skewed by the 
differences in specimen preservation methods. Additionally, 
it is also noted that although cytology is ideally suited for 
FISH applications, it is crucial to involve cytopathologists 
and cytotechnicians to have the best positive results.31 
Further studies need to be done to explore the use of FISH 
for determining the prognosis of retinoblastoma.

Nonetheless, FISH using genetic material remains to 
be a good supplementary or even alternative approach in 
prognostication. It allows for higher resolution analysis of 
structural chromosomal rearrangements specific to acute 
myeloid leukemia which cannot be detected using G-banded 
karyotyping, the gold standard method for diagnosis and 
prognosis of the said disease.40 FISH has been used as an 
ancillary approach for prognosis investigation in esophageal 
adenocarcinoma. A study developed a multi-color FISH 
assay that is easy to use and ready for clinical application 
on formalin-fixed, paraffin-embedded material. It combines 
the sensitivity, specificity, and diagnostic value of CDKN2A, 
ZNF217, ERBB2, and MYC and the prognostic value of 
ZNF217 and ERBB2 which is claimed to be superior to 
single markers.41 Currently, FISH-cytogenetics is utilized 
in the development of a biomarkers-only prognostic model 
for patients with chronic lymphocytic leukemia (CLL).42

CONClUSION AND ReCOMMeNDATIONS

The results of the study suggest that CD133 can be 
potentially used as a retinoblastoma marker due to its increased 

Figure 4. Gene expression of CD133, MUC1, and KRT19 in 
retinoblastoma normalized against GAPDH. Relative 
gene expression values were calculated using delta 
Ct. (2n).
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copy number and gene expression in the tissues. Although 
MUC1 and KRT19 have been observed to be overly expressed 
in other cancers, their low copy number and gene expression 
in retinoblastoma propose that they may not be ideal markers 
for this cancer. Overall, the study lends support to the 
possible use of fluorescent in situ hybridization of CD133 as 
a diagnostic tool and assessment of its potential for metastasis 
in retinoblastoma. Further studies on the optimization of 
fluorescent in situ hybridization can be performed. We 
recommend that the CD133 copy number and expression 
be compared across the different retinoblastoma stages and a 
retinoblastoma cell line (e.g. RB116). Other genetic markers 
such as centromere protein E, lamin B1 protein, cell division 
cycle protein 20, etc. for retinoblastoma may also be explored.
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