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Abstract:

Leukemia is a malignant hematologic disorder characterized by abnormal white blood cell differentiation
leading to increased rates of cancer cells in the bone marrow and peripheral blood. It is a common malignancy
that occurs in children and adults when changes occur in the regulatory processes of normal cells and cause
uncontrolled proliferation of hematopoietic stem cells. in the bone marrow.The CDKN2B gene, which is
located in chromosome 9P21, is a tumor suppressor gene that plays an important role in the cell cycle through
its inhibition of cyclin complexes and cyclin dependent kinase 4/6, and the inactivation of this gene is due to
mutations or by a process of methylation for promoter of gene leads to the occurrence of the disease.This
study aims to determine the relationship between the genetic variation of the CDKN2B gene and the incidence
of leukemia among children in the city of Mosul.This study included (71) children between the ages of (1-15)
years old who were referred to Ibn Al-Atheer Hospital in the city of Mosul for a period ranging from September
to October of 2022, and the samples were divided into two groups. The first included this category 20 children
and counted As a control group, the second group included 71 children from among the children with
leukemia. (5.0) ml of venous blood was drawn from the children and divided into three parts. The first part
was placed in tubes containing EDTA anticoagulant, which is used for DNA extraction, and the second part was
placed in Eppendorf tubes containing On trisol for the purpose of extracting the RNA, and the last part was
placed in two gel tubes free of any anticoagulant substance to obtain blood serum. Determining the genetic
variation of the CDKN2B gene using by analyzing the gene expression level of the CDKN2B gene based on the
RT-PCR technique. also measured DNA methylation in the promoter of gene CDKN2B. In addition, the level of
the cell cycle-regulating protein CDKN2B was measured based on ELISA technology. The results of the test for
the DNA methylation process in the promoter of the CDKN2B gene showed that methylated DNA was present in
all samples of the patients on whom the test was conducted at a rate of 100% compared to the control group
in which there was no methylation of the studied gene primer, while the results showed the presence of
bundles belonging to the unmethylated process in all samples Patients with healthy people by 100%, and if it is
noticed that there is a decrease in the level of gene expression for patients compared to the control group, ,
as it was found A significant decrease in the level of CDKN2B protein at the level of probability p<0.05, the
ratio in the control group was 40.1 + 2.34 compared to the patients group 28.5 + 1.24.We conclude from this
study that genetic variations and mutations and an increase in methylation led to a decrease in the level of
gene expression of CDKN2B gene with A decrease in the level of the encoded protein, which is one of the main
causes of the development of leukemia.
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Introduction:

Leukemia is a common malignant illness of the hematological system that is brought on by
unbalanced hematopoietic cell growth and death [1]. Leukemia progresses and develops in a
complicated way. Leukemia may be categorized into the four most frequent forms based on the
rate of disease progression and the types of white blood cells affected: acute myeloid leukemia
(AML), chronic myeloid leukemia (CML), acute lymphocytic leukemia (ALL), and chronic lymphocytic
leukemia (CLL) [2]. Although great attempts have been made to pinpoint the causes of leukemia
[3], the pathophysiology of the disease is still not entirely understood [4]. Leukemia has been
linked to environmental variables such radiation exposure, electrical work, and excessive benzene
exposure [5]. Meanwhile, it is recognized that leukemia is linked to an accumulation of errors in a
variety of cancer genes.Leukemia development is connected to this Meanwhile, it is recognized that
leukemia is linked to an accumulation of errors in a variety of cancer genes[6].
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The tumor suppressor gene CDKN2B (cyclin-dependent kinase inhibitor 2B) is located on
chromosome 9p21 (inhibitor of CDK4) and codes for the CDKN2B (INK4B) protein, which is a member
of the INK family. The cell cycle is controlled by the cyclin-dependent kinase CDK4 enzyme[7].
CDKN2B is largely activated in response to TGF-, and its suppression is presumably specifically
advantageous for the development of tumor cells[8]. Due to the fact that TGF- primarily activates
CDKN2B, it is likely that its inhibition is particularly helpful for the growth of tumor cell [9].In the
absence of CDKN2B, pRb is phosphorylated by CDK4 and CDKé6 in a manner that inhibits its
interaction with E2F and encourages cell proliferation. When CDKN2B is overexpressed, the cell
cycle is arrested in the G1 phase and CDK4 is redistributed from cyclin D-CDK4 complexes to CDK4-
CDKN2B complexes, which causes unbound cyclin D to be degraded via the ubiquitin-dependent
proteasome degradation pathway[10].

The complicated phenomena of epigenetics’ molecular base includes the activation or suppression
of certain genes without changing the DNA's basic genetic sequence[11]. Differentiated cells can
have their own unique shape and function thanks to the machinery involved in these
alterations[12].While most epigenetic modifications only happen during mitosis, a mechanism
known as transgenerational epigenetic inheritance [13]. allows for some alterations to be passed on
to the organism’'s progeny, Specific epigenetic mechanisms include chromosome X inactivation, Para
mutation, imprinting, and bookmarking. [14,15].

Numerous genetic and epigenetic changes were shown to have a significant impact in the
development of leukemia. Previous research has linked abnormal DNA methylation to
leukemogenesis [16]. an ordinary epigenetic alteration , Aberrant tmethylation, a common
epigenetic alteration, was seen in lymphoid/hematopoietic malighancies, includingAML CML, ALL
,and CLL[17] .Advances in science suggest that DNA methylation is an epigenetic covalent
modification that only occurs within CpG dinucleotides (CpG islands) in the eukaryotic genome,
particularly in humans. It involves the addition of a methyl group (CH3) at position 5 of the cytosine
base by the activity of DNA methyltransferase (DNMT) enzymes[18,19]. Recently, specialists have
connected aberrant DNA methylation to a variety of negative effects, including cancer[20]. DNA
methylation is a major epigenetic alteration that affects biological processes such as cell
development and gene expression without changing DNA sequencing[21]. Epigenetic factors and
enzymes control how lymphoid and myeloid lineages differentiate as well as how many distinct cell
types are produced[22]. Hematological cancers are the result of mutation or dysregulation in the
end Researchers claim that the DNA methylation profile signature associated with particular
promoter genes varies from other cancer types associated with the same gene[23].+

The aim of this study to detect the correlation between DNA methylation and Gene expression of
CDKN2B in child with leukemia in Mosul city.

Case Study:

71 kids between the ages of 1 and 15 were examined between August and October 2022 by private
pathological investigation facilities in Mosul. These clinical cases of the condition served as the
basis for selecting the Samples. The samples were developed in two groups. components selected
based on biochemical findings: Twenty persons who were among those without any health
difficulties made up the first group, which functioned as the control group. The second group,
which consists of 71 kids with leukemia was determined by biochemical results.

Collection of Blood sample
5 ml of venous blood was drawn from these patients and divided into two groups; the first
component was put into tubes containing EDTA anticoagulant to extract DNA, and the second group
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was put into tubes devoid of any anticoagulant mixed with trizol for RNA extraction. The blood was
allowed to coagulate in the tubes for an hour before the blood was centrifuged for ten minutes at a
speed of three thousand cycles per minute to extract the blood serum for the biochemical testing.

Analysis of the gene expression level of CDKN2B gene based on the technique the RT-PCR:
The process of quantifying the level of gene expression of the CDKN2B gene includes several stages:

RNA extraction:

Immediately after the process of drawing blood from the samples included in the study, 250 pl of
the blood sample was mixed with 750 pl of Trizol After that, the mRNA was extracted, depending
on the analysis kit prepared by Trans.

Measurement of RNA concentration and purity:
The purity of the extracted RNA is evaluated using Biodrop device,
The process of converting the extracted mRNA molecule into cDNA molecule:

After the completion of the process of extracting the mRNA, it was converted into a molecule of
cDNA, depending on the effectiveness of the reverse transcriptase enzyme, using the analysis kit
prepared by Trans Company, according to protocol of kit :

RT-PCR reaction:

To conduct a quantitative test for the level of gene expression, the special primers of the gene
were used with the primers of the housekeeping genes, as proven in the table below.

Table (1) shows the primers used for the genes under study in the RT-PCR technique

Primer Sequence

CDKN2B -RT-F 5-AACGGAGTCAACCGTTTCGG-3'

CDKN2B -RT-R 5-TGTGCGCAGGTACCCTGCAA-3'
housekeeping-S9-F 5-GATGAGAAGGACCCACGGCGTCTGTTCG-3'
housekeeping-59-R 5-GAGACAATCCAGCAGCCCAGGAGGGACA-3

The final reaction volume was 20 pl (Housekeeping gene:ribosomal protein S9(RPS9)

Table (2) shows the final reaction volume components in the RT-PCR reaction:

1 cDNA 5 pl
2 S9-F_primar 1 pl
3 S9-R_primar 1 pl
4 Green q PCR super Mix 10 pl
5 D.W 3l
Total volum 20 pl

Table (3): The program shown in the table below was adopted to perform the RT-PCR reaction:
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1. Initial denaturation 95 5 min. 1
2. Denaturation 95 1 min.

3. Annealing 55 1 min. 35
4. Extension 72 1 min.

5. Final extension 72 5 min. 1
6. Stop reaction 4 5 min 1

How to calculate gene expression rate:

The gene expression rate of the CDKN2B gene is calculated based on the CT value of the target
gene with the housekeeping gene for both patient and control samples using the following laws:

ACT (test)= CT (target, test) - CT (ref, test).

ACT (control)=CT (target, control) -CT (ref, control).

CT (target, test) indicates the mRNA transcripts of the CDKN2B gene from patient samples
CT (ref, test) indicates the mRNA transcripts of the housekeeping gene from patient samples
CT (target, control) indicates the mRNA transcripts of the CDKN2B gene in control samples
CT (ref, control) indicates the mRNA transcripts of the housekeeping gene of control samples

Equate the ACT of the treated sample with respect to the ACT of the control sample using the
following law:

AACT =ACT(test) -ACT(control).
Measurement of DNA methylation in the primer of the CDKN2B gene:
CDKN2B methylation by methylation specific polymerase chain reaction (MSP)

The DNA methylation test was carried out according to the method presented by the researcher As
described in the following steps:

DNA extraction:

Treating the DNA with Bisulfite Modification Bisulfite. Sodium bisulfite was used to treat DNA
samples for 24 hours using a QIAGEN assay kit following the manufacturer's protocol whose primary
function is to convert all unmethylated cytosine into uracil, While all methylated cytosine was
retained. The bisulfite-treated DNA was re-extracted before PCR assay,

CDKN2B methylation by methylation specific polymerase chain reaction (MSP)
DNA extraction:

Treating the DNA with Bisulfite Modification Bisulfite
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Sodium bisulfite was used to treat DNA samples for 24 h using a QIAGEN assay kit following the
manufacturer's protocol whose primary function is to convert all unmethylated cytosine into uracil,

while all methylated cytosine was retained as c. The bisulfite-treated DNA was re-extracted before
the PCR assay

Perform a methylation test using the technique PCR Methylation-specific PCR (MSP):

Methylation assay analysis was carried out using two sets of primers as shown in Table (3-1)
based on the PCR technique of the initiator region of the CDKN2B gene of sequence bp1241 -
bp1340 in the pre-cloning region (TSS) containing four CPG sites (Lx=<)

Table (4) shows: shows the primers used in the DNA methylation reaction

Primer Sequence

CDKN2B -unmeth-F 5-TGTGATGTGTTTGTATTTTGTGGTT-3'
CDKN2B -unmeth-R 5-CCATACAATAACCAAACAACCAA-3’

CDKN2B -meth-F 5-CGTTCGTATTTTGCGGTT-3'

CDKN2B -meth-R 5-CGTACAATAACCGAACGACCGA-3'

Table (5): shows the size of the PCR reaction used in the DNA methylation process
T Components C

1 DNA with bisulfat 5pul
2 F_primer 1l
3 R_primar 1l
4 2x super-hot PCR master mix 10 pl
5 D.W 3l

Total volum 20 pl
Table (6): shows the PCR reaction program for DNA methylation

e R R 7 S

1. Initial denaturation 5 min

2. Denaturation 95 30 sec.

3. Annealing 61 30 sec. 35
4, Extension 72 30 sec.

5. Final extension 72 5 min 1
6. Stop reaction 4 5 min 1

After that, the bundles of methylation are separated using an agarose gel at a concentration of
3%, and then photographed with the Gel documentation.

Estimation of biochemical indicators:
The biochemical indicators were measured the level of the cell cycle-regulating protein CDKN2B
was measured based on ELISA technology.

Result and discussion
Measuring the gene expression level of the CDKN2B gene:

Table (7): Results of a test to determine the level of gene expression based on the RT-PCR
technique

CT-target | CT-target CT-housekeeping CT-housekeeping A CT-|A CT- | Gene
CONTROL | PATIENTS | CONTROL PATIENTS target | control expression
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| 34.7 | 35 ‘ 20.5 ‘ 19.5 | 15.4 | 14.5 | 0.66

The above table shows the values of CT and the level of gene expression for theCDKN2B gene and
the housekeeping gene for patients with leukemia with the control group. If there is a decrease in
the level of gene expression for patients compared with the control group, this is due to several
reasons, including the genetic mutations in addition to the variations in CDKN2B genes, in addition
to the different methylation patterns in the Promoter gene, and thus lead to the manufacture of a
weak protein that is unable to perform the biological function, or its The quantity might not be
adequate to satisfy the cells' demands.

Melt Curve

850

Figure (1): shows the standard curve of the studied genes in the RT-PCR technique.

The results of the study showed that a decrease in the level of gene expression of the CDKN2B gene
in leukemia patients compared to the level of gene expression in control samples. As the rate of
gene expression for the control group was A ACT = 1.0, while for the patient group, the rate of
gene expression was low with an amount of A ACT = 0.66

0.8 -

M patients
0.6 -

M control
0.4 -

0.2 ~

Figure (2): shows the level of CDKN2B gene expression in leukemia patients and control group

From these results, it is clear to us the vital role of the CDKN2B gene in the manufacture of the
CDKN2B protein in the control group. As for leukemia patients, the marked decrease in the rate of
gene expression is considered one of the main reasons for the development of the pathological
condition, due to the lack of CDKN2B protein manufactured by the CDKN2B gene, and this decrease
in the level of gene expression Either it is due to the methylation process in the CDKN2B gene
promoter, and a relationship has been identified between the level of CDKN2B mRNA gene
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expression with the methylation status as a result of this decrease, or due to genetic mutations in
the region indicating the studied gene.

From these results, it is clear to us the vital role of the CDKN2B gene in the production of the
CDKN2B protein in the control group. As for leukemia patients, the marked decrease in the rate of
gene expression is considered one of the main reasons for the development of the pathological
condition, due to the lack of CDKN2B protein manufactured by the CDKN2B gene, and this decrease
in the level of gene expression Either it is due to the methylation process in the CDKN2B gene
promoter, and a relationship has been identified between the level of CDKN2B mRNA gene
expression with the methylation status as a result of this decrease, or due to genetic mutations in
the coding region of the studied gene.

Since the CDKN2B gene is one of the CDK inhibitors that loses its expression in a very high
percentage of patients with acute leukemia and that this gene in its normal state encodes the
CDKN2B protein, which belongs to the INK4 protein family, it is from the family of proteins that
play a vital role, In cell cycle regulation, it is known that cell cycle regulator molecules
(24)Therefore, these variations that have been determined in the study samples directly contribute
to the loss of the biological function of the CDKN2B gene. Therefore, the continuous self-renewal of
these cells results from the abnormal cell cycle, and this is due to the large deviations of the cell
cycle regulators in their expression patterns in different types of cancers, including malignant
hematomas. In the normal situation, cell cycle regulation is highly dependent on the presence of
adequate amounts of CDKIs as well as their function in the nucleus. Various studies have shown that
any variation in CDKI plays an essential role in cancer and is an early event during tumorigenesis.,
the CDKN2B gene has been repeatedly altered, and this in turn leads to disruption of the RB / p16
pathway by genetic changes in the CDKN2B gene, and this illustrates the important role of this gene
in the pathways of leukemia cells , And that the inhibition of the CDKN2B gene is achieved by 5%
hypermethylation of the CpG islands in exone 1 of the gene in many tumors.(25)

Result of DNA methylation test for the primer of the CDKN2B gene:

The results of the test for the DNA methylation process in the primer of the CDKN2B gene showed
that methylated DNA was present in all samples of the patients on whom the test was conducted at
a rate of 100% compared to the control group in which there was no methylation of the studied
gene primer, while the results showed the presence of bundles belonging to the unmethylated
process in all samples Patients with healthy and by 100%, the difference in the methylation pattern
of the CDKN2B gene was determined within the samples included in the study, using special primers
for both cases of methylation and its absence, as shown in the figure (3-1) :

=ES -z, Methylated_.-
. — — — — —— —— 100bp

Un-Methylated -

100bp

Figure (3): shows the product of the PCR reaction of the DNA-methylated reaction. The size of the
reaction product was 100 bp, carried over with a 2% agarose gel.
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The promoter of CDKN2B gene was found to be methylated in patient samples; in patients, the
methylation rate for the gene was 100%, which is high and detrimental to the gene's biological
activity as well as for earlier research. It is important to note that various genetic variables,
including epigenetic alterations, primarily DNA methylation in gene promoters, contribute to the
severity of the pathogenesis in leukemia patients. Variation in methylation patterns has been linked
to a variety of cancers and genetic problems, according to earlier research. Additionally, the
increased methylation process is a significant factor in the development of genetic mutations in
genes. It therefore has a direct impact on how DNA functions. Prior research has shown that
Deletion of the CDKN2B allele and hypermethylation of the gene's promoter have been found to be
common in a variety of hematologic malignancies, including leukemias. That's the CDKN2B gene
Disruption of transcription by methylation of CpG islands of regulatory sequences is an epigenetic
mechanism for the inactivation of several tumor suppressor genes, including the CDKN2B gene.(26)

Biochemical results :

The table (8): shows the results of biochemical tests among samples of children with leukemia
compared to healthy children:

groups CDKN2B pg \ ml
control 40.1 + 2.34
patients 28.5 £ 1.24

The results of the study showed, as shown in Table ( 8), that there was a significant decrease in the
level of CDKN2B protein at the level of probability p<0.05. The ratio in the control group was 40.1 *
2.34 compared to the patients group 28.5 + 1.24, as shown in the table.

40 A

® bati
30 A patients

M control

10 ~

Figure (4): It shows the level of CDKN2B protein in patients with leukemia and the control group.

As we mentioned earlier, the decrease in the level of gene expression of the CDKN2B gene
resulting from an increase in methylation process for CDKN2B gene promoter in patients compared
to the control group, and thus a decrease in the rate of CDKN2B protein synthesis, and this in turn
corresponds with our results obtained in measuring the protein level based on the ELISA technique,
as described previously.

201



Lampyrid 2023: Volume 13, 194-203
ISSN: 2041-4900
https://lampyridjournal.com

References:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hsiao, P., Liu, M., Chen, L., Tsai, C., Wang, Y., Chen, J., & Hsu, L. (2008). Promoter
methylation of p16 and EDNRB gene in leukemia patients in Taiwan. Chinese Journal of
Physiology, 51(1), 27.

Jiang, D., Hong, Q., Shen, Y., Xu, Y., Zhu, H., Li, Y., ... & Duan, S. (2014). The diagnostic value
of DNA methylation in leukemia: a systematic review and meta-analysis. PloS one, 9(5), €96822.
Olme, C. H., Finnon, R., Brown, N., Kabacik, S., Bouffler, S. D., & Badie, C. (2013). Live cell
detection of chromosome 2 deletion and Sfpi1/PU1 loss in radiation-induced mouse acute
myeloid leukaemia. Leukemia research, 37(10), 1374-1382.

Serin, M. S., Yalcin, A., Emekdas, G., Tiftik, N., Aslan, G., Eskandari, G., & Tezcan, S. (2009).
Promoter methylation of P15 (INK4B) gene is possibly associated with parvovirus B19 infection
in adult acute leukemias. The FASEB Journal, 23, 38-2.

Rushton L, Schnatter AR, Tang G, Glass DC (2014) Acute myeloid and chronic lymphoid
leukaemias and exposure to low-level benzene among petroleum workers. Br J Cancer 110: 783-
787.

Flodin, U., Fredriksson, M., Axelson, O., Persson, B., & Hardell, L. (1986). Background
radiation, electrical work, and some other exposures associated with acute myeloid leukemia in
a case-referent study. Archives of Environmental Health: An International Journal, 41(2), 77-
84.

Balmain A, Gray J, Ponder B (2003) The genetics and genomics of cancer. Nat Genet 33 Suppl:
238-244.

Otsuki, T., Jaffe, E. S., & Ueki, A. (1996). Involvement of INK4 Family Cyclin-dependent-kinase
Inhibitor Genes in Hematological Malignancies. Kawasaki medical journal, 22(3), 109-138.
Bodoor, K., Haddad, Y., Alkhateeb, A., Al-Abbadi, A., Dowairi, M., Magableh, A., ... &
Ghabkari, A. (2014). DNA hypermethylation of cell cycle (p15 and p16) and apoptotic (p14, p53,
DAPK and TMS1) genes in peripheral blood of leukemia patients. Asian Pacific Journal of Cancer
Prevention, 15(1), 75-84.

lacobucci, I., Ferrari, A., Lonetti, A., Papayannidis, C., Paoloni, F., Trino, S., ... & Martinelli,
G. (2011). CDKN2A/B alterations impair prognosis in adult BCR-ABL1-positive acute
lymphoblastic leukemia patients. Clinical cancer research, 17(23), 7413-7423.

Plass, C., Oakes, C., Blum, W., & Marcucci, G. (2008, August). Epigenetics in acute myeloid
leukemia. In Seminars in oncology (Vol. 35, No. 4, pp. 378-387). WB Saunders.

Rasmussen, T.P. Embryonic stem cell differentiation: A chromatin perspective. Repro- ductive
Biology and Endocrinol 1, 100 (2003). doi.org/10.1186/1477-7827-1-100

Heard, E., & Martienssen, R. A. (2014). Transgenerational epigenetic inheritance: myths and
mechanisms. Cell, 157(1), 95-1009.

Moosavi, A., & Motevalizadeh Ardekani, A. (2016). Role of epigenetics in biology and human
diseases. Iranian biomedical journal, 20(5), 246-258.

Loscalzo, J., & Handy, D. E. (2014). Epigenetic modifications: basic mechanisms and role in
cardiovascular disease (2013 Grover Conference series). Pulmonary circulation, 4(2), 169-174.
Issa, J. P., Baylin, S. B., & Herman, J. G. (1997). DNA methylation changes in hematologic
malignancies: biologic and clinical implications. Leukemia (08876924), 11.

Qian, J., Wang, Y. L., Lin, J., Yao, D. M., Xu, W. R., & Wu, C. Y. (2009). Aberrant methylation
of the death-associated protein kinase 1 (DAPK1) CpG island in chronic myeloid
leukemia. European journal of haematology, 82(2), 119-123.

Lima, P. S. P., Molffeta, G. A., Araujo, A. G. D., Zago, M. A., & Silva Jr, W. A. D. (2008). DNA
methylation analysis of the tumor suppressor gene CDKN2B in Brazilian leukemia
patients. Genetics and Molecular Biology, 31, 632-638.

-Feng, P., Chen, W., & Lin, H. (2014). Prediction of CpG island methylation status by
integrating DNA physicochemical properties. Genomics, 104(4), 229-233.

202



20.

21.

22.

23.

24,

25.

26.

Lampyrid 2023: Volume 13, 194-203
ISSN: 2041-4900
https://lampyridjournal.com

Vickers, N. J. (2017). Animal communication: when i’'m calling you, will you answer
too?. Current biology, 27(14), R713-R715.

Egger, G. (2004). liang G, aparicio a, Jones Pa. Epigenetics in human disease and prospects for
epigenetic therapy. Nature, 429, 457-463.

Varriale and G. Bernardi, "Distribution of DNA methylation, CpGs, and CpG islands in human
isochores,” Genomics, vol. 95, no. 1, pp. 25-28, Jan. 2010, doi: 10.1016/j.ygeno0.2009.09.006.
Ahmad, K. K., Kareem, Z. S., & NABI, A. Q. (2021). A NEW HRM QPCR ASSAY FOR EVALUATION
OF DNA METHYLATION RATES IN THE P15 GENE AMONG ACUTE LYMPHOBLASTIC LEUKEMIA
PATIENTS. Acta Medica, 37, 2485.

Campa, D., Pastore, M., Gentiluomo, M., Talar-Wojnarowska, R., Kupcinskas, J., Malecka-
Panas, E., ... & Canzian, F. (2016). Functional single nucleotide polymorphisms within the
cyclin-dependent kinase inhibitor 2A/2B region affect pancreatic cancer risk. Oncotarget,
7(35), 57011.

Jafri, M., Wake, N. C., Ascher, D. B., Pires, D. E., Gentle, D., Morris, M. R., ... & Maher, E. R.
(2015). Germline Mutations in the CDKN2B Tumor Suppressor Gene Predispose to Renal Cell
CarcinomaCDKN2B Tumor Suppressor Gene and Renal Cell Carcinoma. Cancer discovery, 5(7),
723-729.

Xia, D. Y., Liu, L., Hao, M. W., Liu, Q., Chen, R. A., & Liang, Y. M. (2014). A combination of
STI571 and BCR-ABL1 siRNA with overexpressed p15INK4B induced enhanced proliferation
inhibition and apoptosis in chronic myeloid leukemia. Brazilian Journal of Medical and Biological
Research, 47, 1096-1101.

203



