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Abstract: Bmil is an oncogene, which occurs in almost all human cancer and 50% of all tumors exhibit
variations in their gene expression level. To further assessment of bmilgene pathway involving in cancer, we
have exploited the zebrafish which is a powerful vertebrate model system used to analyze the expression level
during embryogenesis.

Embryos were collected and treated with different doses of gamma radiation, for further observation.
Zebrafish embryos were exposed to low dose rate of external gamma radiation from 5 to 25 Gy (with 5 interval
dose rate) over a short period at 3hrs post fertilization with the objective of testing the appropriateness of 25 Gy
guidelines as suggested by OECD. Total mRNA was isolated and cDNA was amplified with random primers by
using Reverse Transcriptome PCR kit. Expression of two genes; BMI la & INK4A were quantified using
specific Real Time PCR primers (q-PCR-Syber Green). qPCR showed decreased level at 10 Gy dose, increased
expression level at 5 & 10 Gy irradiated embryos. Our present study examines different dose of radiation that
enhances the, embryonic resistance to particular dose in which bmil expression level decreased when compared
to control, 5 and 15 Gy. Lethality, mortality and morphological abnormalities were compared with bmil
expression level.Hence the present attempt to identify those radiosensitive pathways in the zebrafish would
certainly help to choose the target genes.

Key words: BMI-1 - B — cell Moloney murine leukemia virus insertion region, CDKN2A - Cyclin-dependent
kinase inhibitor 2A, PCR - Polymerase chain reaction, hpf - Hour post fertilization, Gy — Gray (radiation unit)

I.  Introduction

Embryogenesis is a particularly radiosensitive stage of the vertebrate life cycle, and zebrafish embryos
are ideal for evaluating genotoxic stress as well as radiation-related studies [27,13]. Zebrafish is a common
freshwater aquarium fish belonging to the cyprinid family of teleost group. The Latin name for zebrafish is
Danio rerio. It has short life cycle, transparent embryo, larvae, external development and reaching sexual
maturity by three months. In the laboratory, zebrafish have a maximal recorded life-span of 5% years, though an
average of 3% years has been reported [7].The adult zebrafish can produce hundreds of offsprings per week and
it is particularly notable for its regenerative ability to change their fins, skin and heart during larval stages.The
development of the zebrafish is very similar to the embryogenesis of higher vertebrates, including that of
humans. But unlike mammals, zebrafish develop from a fertilised egg to an adult outside the female in a
transparent egg.This makes it possible to observe developing embryos in their natural environment. Moreover,
the embryos themselves are transparent during the first few days of their lives. And the OECD guidelines
(no.212; 210) currently propose that the early life stages of fish could be used as an experimental model to
assess toxic effect. At the cellular level, some authors have assessed the effects of cell irradiation on survival
(embryonic ZEB-J2 zebrafish cells) [21] or DNA damage (mutant R1C1 medaka; zebrafish cells and embryos)
[10, 1]. Radiation — induced untargeted germline mutations have also been observed in the medaka for chronic
exposure (dose rate of 68 mGy/d for 45-153 d) and for acute irradiations (dose ranging from 2- 10 Gy). Some
studies relate to the transcriptional genomic instability by studying mutations in germ cells of medaka [28].

Functional motifs in oncogenes and tumor suppressor genes tend to be highly conserved among
vertebrate species. Therefore the study of oncogenes and tumor suppressor genes in zebrafish will likely provide
valuable insights into molecular mechanisms of tumorigenesis and genetic susceptibility to tumors in humans [5,
24].

BMIL1 is a stem cell gene as defined by the fact that its deficiency leads to compromised adult stem cell
function [19]. At first, it has been identified in the early 1990s as a component of a key insertion/activation
region of the Moloney murine leukemia virus [2]. BMI1 encodes a 37 kDa polycomb group protein (PcG) from
chromosome 10p11.23 in humans and 2 A3 in mice. This protein complex modulates chromatin structure and
thereby regulates the transcription of a number of important genes, including the Ink4a locus which encodes two
important tumor suppressor proteins; pl6ink4a and pl4Arf [8, 22]. There are increasing evidences that
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deregulated expression of PcG proteins contribute to cancer development. Aberrant over expression of PcG
proteins, in particular BMI1 is associated with a number of human malignancies [16]. The zebrafish genome-
sequencing project has been completed by Wellcome Trust Sanger Institute recently. Tubingen zebrafish
reference strain was extensively used to identify mutations affecting embryogenesis.

Il. Materials And Methods

Embryo Collection

Embryos were obtained from spawning 30 genitors (sex ratio: 2 female: 1male fish). Each group of adult fish
was placed in specific spawning aquaria to avoid egg predation. After spawning, egg viability was confirmed
when the blastula stage (3 hpf) was reached. Embryos were then counted and randomly dispatched in each
experimental unit. In each experimental unit, 50 embryos were collected in a petridish filled withoml of E3
medium. Five replicates per condition were then placed in the radiation chamber except control. Control and
irradiated embryos were maintained under room temperature.

Exposure to Radiation

Cs-137 source from CERCA-LEA (Framatome ANP, Pierrelatte, France) and Gamma-rays were
emitted from either a solution of Cs-137 (20 or 200 MBq) or solid 137Cs line source (1.85 GBq). Nominal dose
rates were 5, 10, 15, 20 and 25 Gy. Dose rates were measured using thermoluminescent dosimeter and
represented on average 91% of the nominal values. The control incubation chamber was kept in a separate room.
To maintain the radiation exposure duration, the effects-analysis was performed out of the incubation chamber
which were carried-out in less than 1 h.

Endpoint Selection

Measured test responses included embryos and larval mortalities, hatching success and morphological
development. Additionally, tail detachment, heartbeat, spontaneous movement and oedema were followed as
described by Kimmel et al. (1996) [3]. These main endpoints were scored every hour upto 48 hrs after exposure.

Embryos RT-PCR Gene Expression

Normal developments of 50 embryos were maintained as control, which could be used for further
analysis of developmental abnormalities measurements both morphologically and genetically. From treated
embryos and untreated embryos, 10 embryos at each dose were used to isolate the total DNA using ALL PREP
DNA/ RNA/protein Quiagen Kit. For isolation of bmil and ink4a primer designed for specific sequence
(Invitrogen) were bmila primer forward sequence 5°-3’AAAGCGACTCAGCCAGTGAT and reverse sequence
GTCGATTTGGGCTTGTCATT with amplicon size of 159 between 60.2 and 59.94 melting temperature.
Inkda/cdnk2a primerfor forward sequence 5°-3° TTGGGCCAACCATGTATTTT and reverse primer
CTTGCCCTGGTAATCAGCAT with amplicon size of 178 at melting point of 60.05-60 were analyzed using
gPCR.

I11. Results
Egg production and collection
Transparent embryos were collected from single cell stage and clearly observed through microscope. Collected
embryos were transferred to the clean glass petridish filled with E3 medium. Normal embryos treated with E3
medium as internal control which was closely compared with normal breeding tank water containing embryos.

Morphological observations of gamma rays treated embryos of zebrafish:

Treated embryos were observed at every one hour under compound microscope at 40X and
morphological defects were identified. For the different dose experiments, 50 embryos per dose were separated
and transferred to new plates with E3 media marked as A, B, C, D and E. where A, B, C, D, E were treated at
5Gy, 10Gy, 15Gy, 20Gy and 25Gy respectively. F was kept as control. No changes were observed in the
morphology of embryos up to 1lhour post fertilization (hpf) time in all embryos which were treated with
different dose. The morphological abnormalities of embryos were observed at 25hpfin 10Gy, 15Gy, 20Gy and E
25Gy treated embryos. Minute level of abnormalities was observed in 5Gy treated embryos at 25hpf time.
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observations of gamma rays treated embryos
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After gamma radiation treatments the death rate of the embryos were examined. The death rate of
embryos was directly proportional to gamma radiation dose. Besides, the gamma radiation dose was increased.
The death rate of embryos also increased E, 25Gy of gamma radiation leading to increase of embryos death rate
up to 100% within 36 hpf time. In D (20Gy) of gamma radiation 100% of embryos death was observed at 38 hpf
time. Similarly, 100% death rate of embryos was observed at 50hpf time in C (15Gy) gamma radiation. 100%
of embryos death was observed at 72 hpf of A (5Gy) and B (10Gy) gamma radiation. Low level of embryo
death was observed in control (non-treated embryos) (14% of death at 72 hpf) (Fig.1).

Gene expression studies:

Treated and stored embryos were taken for gene expression level analysis by gRT-PCR with control
(non-treated embryos). BMlla and inka/CDKN2A expressions were analyzed. BMIla gene expression was
observed in different doses of gamma radiation. Three treated samples and one control sample were analyzed.
High level of BMIla gene expression was observed in B (15Gy) sample. There was no expression of BMlla
gene in F (non- treated) embryos (Fig.2).

Fig. 2 : Bmila gene expression
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Fig. 3 : CDKN2A gene expression
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CDKN2A/ink4a gene expression was observed in different doses of gamma radiation. Three treated
samples and one control sample were analyzed. CDKN2A/ink4a a gene expression was high in control (Fig.3).
In A, B, C, almost similar level of expression was observed, comparing to control, A, B, C, had showed low
level of expression.

Z-beta actin, CDKN2A and BMI-1a genes were amplified in qPCR. The amplicons were compared
with marker when Z-beta actin (230 bp) was used as a control, CDKN2A (178 bp) and BMI-1a (159 bp) were
observed in electrophoresis gel.

IV. Discussion

Zebrafish have provided many advantages over mouse models to study cancer self-renewal. For
example, large numbers of zebrafish could be housed in a relatively small space, and husbandry costs are 20
times less when compared to mice. To discover novel radio protective genes using the zebrafish genetic model,
it was sought to identify an obvious bright-field phenotype in embryos that distinguished different levels of
apoptotic response to gamma rays. High doses of gamma rays, such as 25 Gy, were administered to a
transparent zebrafish embryo at 24 hours post fertilization (hpf) that caused extensive apoptosis in neural tissue
resulting in the accumulation of opaque tissue in the head. This phenotype was very consistent and readily
observable by bright-field microscopy by six hours PF.

Radiated embryos were observed under compound microscope at 40X. Morphological defects were
identified when compared to control. No changes were observed in the morphology of embryos up to 11 hour
post fertilization (hpf) time in all embryos after treatment. The morphological abnormalities of embryos were
observed at 25hpfin 10Gy, 15Gy, 20Gy and E 25Gy treated embryos. Abnormalities were observed in 5Gy
treated embryos at 25hpf time. In our present study, eggs used in these experiments were aged at 3 hpf. They
were maintained in the E3 medium, which was changed daily. They were kept at 28-30 °C, with a photoperiod
of 14:10-h light:dark. For chronic exposure, five eggs were placed in glass petridish and five replicate petridish
were used by condition. For acute exposure, 50 eggs were randomly distributed individually into each
compartment of a Petri dish with two replicates per dose. The stages of embryo development were observed
daily under a binocular microscope by observing the following specific endpoints: blastula (3 hpf), gastrula (4
hpf), segmentation (10-24 hpf) and pharyngeal (24-48 hpf). At 48 hpf the embryos started to hatch and the
number of hatched eggs were recorded until 50 hpf (Organisation for Economic Co-operation and Development,
Test Method 212). The hatching rate was determined as a percentage of hatched eggs from live eggs at a given
time. The median hatching time (HT50), which represented the time necessary for 50% of the eggs to hatch, was
then calculated.

Gamma-ray mutagenesis had particularly been used in screening for morphological defects to identify
potentially interesting mutants that affect zebrafish embryogenesis [15]. The same results were observed after
gamma radiation treatments and the death rate of the embryos were examined. The gamma radiation dose was
directly proportional to death rate of embryos. The high dosage of gamma radiation led to apoptotic cell death in
zebrafish. The similar results were observed that 25Gy of gamma radiation led to the increase of embryos death
rate up to 100% within 36 hpf time. In D (20Gy) of gamma radiation 100% of embryos death was observed at
38 hpf time. Similarly, 100% death rate of embryos was observed at 50hpf time in C (15Gy) gamma radiation.
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100% of embryos death was observed at 72 hpf of A (5Gy) and B (10Gy) gamma radiation. Low level of
embryo death was observed in control (14% of death at 72 hpf).

Treated and stored embryos were taken for gene expression level analysis by qPCR with control.
BMIla and CDKN2A expressions were analyzed. BMI1a was a member of the Polycomb group (PcG) of genes,
which had an essential role in embryogenesis and regulation of the cell cycle and lymphopoiesis. PcG genes
were responsible for preservation of gene silencing, and were therefore essential for upholding cell identity.
Bmi-1-deficient mice died by the time they had reached early adulthood with growth retardation, sign of
hematopoietic failure, and neurological abnormalities. Consistent with this, Bmi-1 was required for the postnatal
maintenance of hematopoietic stem cells and neural stem cells from the central and peripheral nervous systems,
but had little effect on their frequency in fetal tissues. BMI1a did not generically regulate proliferation as it was
not required for the proliferation of at least some restricted neuronal or glial progenitors. BMIlagene expression
was observed at different doses of gamma radiation exposed to embryos of zebrafish. High level of BMI1a gene
expression was observed in B (15Gy) sample when compared to control. It was confirmed by analyzing the gene
expression using gPCR. Clinically, a growing list of human malignancies had been shown to express high levels
of BMI1 including lymphoma, acute myeloid leukemia, colorectal carcinoma, liver carcinoma, non-small cell
lung cancer, breast carcinoma, prostate cancer, head and neck cancer, medullo blastoma, and glioblastoma[ 9,
11, 17, 18 & 23]. Importantly, the elevated levels of BMI1 had been shown to have prognostic relevance in a
number of tumor types. Chowdhury and co-workers [4] assessed the prognostic value of high BMIL protein
expression in 64 acute myeloid leukemia patients. The result also indicated that gamma radiation had induced
the overexpression of BMI1la gene which caused the tumor in zebrafish embryo.

Jacobs [12] reported that the INK4a-ARF tumour suppressor locus was a critical downstream target of
BMl1la. Specifically, BMIla acted as a negative regulator of the INK4a-ARF locus, which encoded the two
tumour suppressors p16INK4a and p14ARF (=human p19ARF). p16INK4a inhibited cell cycle progression by
inhibiting cyclin D1-dependent kinases and thereby prevented the phosphorylation of the tumour suppressor Rb
[26] whereas pl4ARF prevented the degradation and inactivation of the tumour suppressor p53 by binding to
mdm-2[20, 28, 25]. In the present study, CDKN2A (INK4a) gene expression was observed at different doses of
gamma radiation. Three treated samples and one control sample were analyzed. The 10 Gy of gamma treated
embryos showed high level of CDKN2A gene expression by qPCR. Threshold of IR exposure existed between 8
and 15 Gy in wild-type embryos that gave rise to the obvious opaque neural tissue phenotype[6].The treated
zebrafish embryos with different levels of gamma rays showed the opaque tissue in the head which was not
observed using doses less than or equal to 8 Gy. Because, any mutation that inactivated a radioprotective gene
could sensitize the embryonic neural tissue such that exposure of embryos to 8 Gy would cause a phenotype
reminiscent of 15 Gy. Based on this logic, we performed a recessive genetic screen using 10 Gy IR and
identified a number of mutations that sensitized embryos to IR. The tumor suppressor gene (CDKN2A) had
been mutated in zebrafish and it is limited to the few well studied classic examples. Mouse knockout was
generated and human hereditary diseases were known. Mouse apc (A716) knockouts were embryonic lethal in
the homozygous state, similar to what they found in zebrafish [29].

The results obtained on acute gamma radiation suggested a dose dependent correlation between DNA
damage accumulation and abnormalities in embryo development that led to apoptotic cell death in radiated
zebrafish embryos due to abnormal expression of BMI1la and CDKN2A gene. ™

References

[1]. Adam C, Larno V, Giraudo m, Barillet S, Gania Y, Devaux A, 2007.

[2]. Alkema MJ, Wiegant J, Raap AK, Berns A, Van Lohuizen M. 1993. Characterization and chromosomal localization of the human
proto- oncogene BMI-1. Hum Mol Genet 2: 1509-1603.

[3]. Charles B, Kimmel WW, Ballard, Kimmel BU and Thomas F. Stages of embryonic development of the zebrafish. Dev. Dyn. 1996;
203:255-310.

[4]. Chowdhury M, Mihara K, Yasunaga S, Ohtaki M and Takihara Y. Expression of Polycomb-group (PcG) protein BMI-1 predicts
prognosis in patients with acute myeloid leukemia. Leukemia. 2007; 21:1116-1122.

[5]- Detrich HW I11, Westerfield M, and Zon LI. Overview of the zebrafish system. Methods Cell Biol. 1999; 59: 3-10.

[6]. Geoffrey A, Geiger, Sharon E, Parker, Andrew P et al. Kao zebrafish as a ‘‘Biosensor’’? Effects of ionizing radiation and
amifostine on embryonic viability and development. Cancer Res. 2006; 66:8172-8181.

[7]. Gerharda, Elizabeth J, Kauffmana, Xujun W. Life spans and senescent phenotypes in two strains of zebrafish (Danio rerio). Exp.
Gerontology. 2002; 37: 1055-1068.

[8]. Guney I, Wu S, Sedivy JM. 2006. Reduced c-Myc signaling triggers telomere- independent senescence by regulating Bmi-1 and
p16(ink4a). Proc Natl Acad Sci USA 103:3645-3650.

[9]. Guo BH, Feng Y, Zhang R, Xu LH, Li MZ, Kung HF, Song LB, Zeng MS.2011. Bmi-1 promotes invasion and metastasis, and its
elevated expression is correlated with an advanced stage of breast cancer. Mol Cancer 10:10.

[10]. Hidaka M, Oda S, Kuswahara Y, Fukumoto M, Mitani H. 2010. Cell line derived from a medaka radiation-sensitive mutant have
defects in DNA double-strand break response. J Radiat Res (Tokyo) 51: 165-171.

[11]. Hosen N, Yamane T, Muijitjens M, Pham K, Clarke MF, Weissman 1L.2007. Bmi-1 green fluorescent protein- knock-in mice reveal
the dynamic regulation of bmi-1 expression in normal and leukemia hematopoietic cells. Stem cells 25: 1635-1644.

[12].  Jacobs JJ, Kieboom K, Marino S, DePinho RA, Van Lohuizen M. 1999. The oncogene and polycomb- group gene bmi-1 regulates
cell proliferation and senescence through the Ink4a locus. Nature 397: 164-168.

DOI: 10.9790/3008-11123035 www.iosrjournals.org 34 | Page



Bmila Gene Expression changes in Gamma-Irradiated Zebrafish Embryos

[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].

[22].

[23].
[24].
[25].

[26].
[27].

[28].
[28].

[29].

Jarvis RB, Knowles JF.2003. DNA damage in zebrafish larvae induced by exposure to low dose rate [Gamma]- irradiation:
Detection by the alkaline comet assay. Mutat Res-Gen Tox En 541; 63-69.

Kimmel CB, Warga RM. Cell lineage and developmental potential of cells in the zebrafish embryo. Trends Genetics. 1988; 4: 68-
74.

Kimmel CB. Genetics and early development of zebrafish. Trends Genetics. 1989; 5: 283-288.

Jiang L, Li J, Song L. 2009. Bmi-1 , stem cells and cancer. Acta Biochim Biophys Sin (Shanghai) 41: 527-534.

Li C, Lee CJ, Simeone DM. 2009. Identification of human pancreatic cancer stem cells. Methods Mol Biol 568:161-173.

Merkerova M, Bruchova H, Kracmarova A, Klamova H,Brdicka R. 2007. Bmi-1 over-expression plays a secondary role in chronic
myeloid leukemia transformation. Leu lymphoma 48:793-801.

Park IK, Qian D, Kiel M, Becker MW, Pihalja M et al. BMI1 is required for maintenance of adult self-renewing haematopoietic
stem cells. Nature. 2003; 15:302-305.

Pomerantz J, SchreiberAgus N, Liegeois NJ, Silverman A, Alland L, Chin L, Potes J, Chen K, Orlow I, Lee HW et al., (1998) The
Ink4a tumor suppressor gene product, pl19 arf, interacts with MDM2 and neutralizes MDM2’s inhibition of p53. Cell 92:713-723.
Ryan LA, Seymour CB, O’ Neill- Mehlenbacher A, mothersill CE. 2008. Radiation- induced adaptive response in fish cell lines. J
Environ Radioact 99: 739-747.

Silva J, Garcia JM, Pena C, Garcia V, Dominguez G, Suarez D, Camacho FI, Espinosa R, Provencio M, Espana P, Bonilla F. 2006.
Implication of polycomb members Bmi-1, Mel-18, and Hpc-2 in the regulation of pl6inkd4a , p14ARF, h-TERT, and c-Myc
expression in primary breast carcinomas. Clin Cancer Res 12: 6929-6939.

Tabor MH, Clay MR, Owen JH, Bradford CR, Carey TE, Wolf GT, Prince ME.2011. head and neck cancer stem cells: The side
population. Laryngoscope 121:527-533.

Van BRJ and Ostrander GK. Expression of oncogenes and tumor suppressor genes in teleost fish. In: Aquatic Toxicology:
Molecular, Bioche. Celar Perspectives, Malins DC, Ostrander GK (eds). CRC Press, Inc, Boca Raton, Florida. 1994.

Weber JD, Taylor LJ, Roussel MF, Sherr CJ and Bar — sagi D(1999) Nucleolar arf sequesters Mdm2 and activates p53. Nat Cell
Biol 1:20-26

Whyte P(1995) The retinoblastoma protein and its relatives. Semin Cancer Biol 6:83-90.

Yasuda T, Aoki K, Mastumoto A, Maruyama K, Hyodo-Taguchi Y, Fushiki S, Ishikawa Y, 2006. Radiation- induced brain cell
death can be observed in living medaka embryos. J Radiat Res (Tokyo) 47: 295-303.

Zhang Y, Xiong Y and Yarbrough WG (1998) ARF promotes MDM2 degradation and stabilizes p53. ARF-INK4a locus deletion
impairs both the Rb and p53 tumor suppression pathways. Cell 92: 725-734.

Tsyusko, O, Yi .Y., Coughlin, D., Main, D., Podolsky, R., Hinton, T.G., Glenn, T.C., 2007. Radiation- induced untargeted germline
mutation in Japanese medaka. Comp. Biochem. Phys. C 145, 103-110.

Masanobu Oshima, Mami Takahashi et al., 1995. Effects of docosahexaenoic acid (DHA) on intestinal polyp  development in
Apc?7'® knockout mice. Carcinogenesis 6 (11) 2605- 2607.

DOI: 10.9790/3008-11123035 www.iosrjournals.org 35 | Page


http://carcin.oxfordjournals.org/search?author1=Mami+Takahashi&sortspec=date&submit=Submit

