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ABSTRACT

Background: There has been a lot of interest in the pathogenic functions of human herpes virus-6 
(HHV-6) in acute leukemia. There have been conflicting findings in attempts to relate HHV-6 
activation to the development of acute leukemia. Through a functional network, cMYC, P14ARF, 
MDM2 and P53 are essential for cell viability
Objective: This study was designed to determine the percentage of Herpes virus-6-B(HHV-6B) 
and P14 gene polymorphism in Patients Suffering from acute myeloid leukemia of a group of Iraqi 
patients.
Patients and methods: 100 freshly whole blood were obtained from patients with acute myeloid 
leukemia enrolled in this study; while control groups in current study included 100 freshly whole 
blood. Viral and total DNA genomic extraction were done to detect the HHV-6-B by PCR technique 
and P14 gene polymorphism by sequencing, respectively.
Results: The positive of viral genome extraction was found 42% (42 out of 100) of the specimens 
have viral genome , wwhile 58% (58\100) specimens not contain viral genome. The rate of human 
herpes virus -6 B infection according to the PCR was 28.6% (12 out of 42) while the negative result 
was 71.4% (26 out of 42). the findings demonstrated that the GA, CT, AT, and AG genotypes P14 
rs3731249 polymorphism was present in 53.1% (17 out of 32 cases), 21.9% (7 out of 32 cases), 
15.6% (5 out of 45 cases), and 9.3% (3 out of 32 cases) of AML patient group, respectively 60% (3 
out of 5) and 40% (2 out of 5), respectively, in control group, and 60% (3 out of 5) and 40% (2 out 
of 5), respectively, in the experimental group.
Conclusion: In view of the relatively small numbers included in our study, the present results indicate 
the possibility that HHV-6 B as well as P14 rs3731249 may play a role in the tumor biology of the 
examined subset of acute myeloid leukemia and may contributed to their development. 
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INTRODUCTION
When aberrant myeloblasts build up, usually in the bone 
marrow, they cause bone marrow failure and mortality, which 
is the cause of acute myeloid leukemia (AML). Peripheral 
blood involvement is common, although organ infiltration 
particularly worrisomely the brain and, or lungis uncommon 
and more frequently observed in high blood blast patients 
counts (e.g., >50 000/L). AML that appears to be restricted 

to locations other than bone marrow or blood is known as 
granulocytic sarcoma (GS). Because GS typically advances 
to marrow involvement within a year, it should be handled 
similarly to AML with marrow involvement1

HHV6 infection typically proceeds according to the 
standard herpesvirus replication cycle, whih includes the 
release of contagious virions and cell lysis. For unknown 
causes, HHV6 can potentially integrate into the host DNA, 
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resulting in a “unclassl” type of latency. According to research 
in vitro infection by Arbuckle et al,can result in HHV6 
chromoso gration (ciHHV6) with a chance of reactivation and 
the production of infectious HHV-6.2

Early to mid-1990s saw the first reports of ciHHV-6 in 
vivo when Luppi et al. discovered a potentially and partial 
full-length integrated of HHV-6 genome in newly isolated a 
peripheral blood mononuclear cells (PBMC) DNA.3,4 

 1 copy of the integrated virus is found in the cell in 
ciHHV-6-positive people, which is suggestive of hereditary 
transmission5

The cause of roseola infantum, often known as the sixth 
childhood ailment , is the widely ubiquitous virus known as 
HHV-6B.6 In hematopoietic transplant recipients, HHV-6B 
is a worry as well because of the connection between viral 
reactivations and a number of illnesses that can range in 
severity from minor to fatal. While nearly everyone on the 
planet has HHV-6B, HHV-6A seems less common in North 
America, Japan, and Europe. Interestingly, in sub-Saharan 
Africa, HHV-6A is the most common variant linked to viremic 
newborn infections.7

 early antigen p14 for HHV6 was discovered in 
megakaryocytes and 54% of the 36 patients with chronic 
myelogenous leukemia had blasts in their bone marrow, 
according to a single study that looked into the antigen’s 
expression in leukemia.8

 tumor suppressor called P14ARF is activated by mitogenic 
arousal, where in enhanced MYS activity is mediated by 
RAS activates P14ARF, which in turn prevents MDM2 from 
performing its role. Additionally, a P53/MDM2 feedback loop 
exists in which P53 can activate the MDM2 protein, while 
MDM2 can also deactivate P539

The essential p16INK4A and p14ARF which control the 
cell cycle are a protein that the CDKN2A encodes; 9p21.3 
(cyclin-dependent kinase inhibitor 2A) gene, and they also 
play a crucial part in programmed by the tumor-suppressive 
mechanisms,cell die functions. Therefore, p16INK4A and 
p14ARF tumor suppressor expression and activity are 
diminished with deletion, mutation, or genetic polymorphisms 
of CDKN2A, which results in a dysregulation of cell 
proliferation and the emergence of cancer10

The current study was designed to unravel the rates of 
HHV-6B infection and P14 rs3731249 gene polymorphism in 
patients with Acute Myeloid Leukemia. 

MATERIAL AND METHODS
This study is designed as case-control study. 

Study groups
Blood samples from each patient in the research with AML 
should be enrolled, that sort according to.
•	 Group of blood samples from Patients with AML.
•	 Blood from ostensibly healthy people serves as the control 

group.

Sample Collection
The samples will be taken from patients treated with Patients 
with AML and apparently healthy persons as control group 
from the general hospitals and numerous smaller clinics in the 
center Euphrates -Iraq. 

Extraction of Viral Genome
Viral genomic DNA from both patients and control groups’ 
blood was extracted using akit for extracting viral DNA 
(PATHOGENE- INTRON\ KOREA). After then was detection 
of HHV-6 by PCR technique.

Detection of SNP of P14 rs3731249 by Sequencing
Total genomic DNA from both patients and control groups’ 
blood was extracted using DNA extraction kit (G -SPIN- 
INTRON\ KOREA). After then was the detection of determine 
of P14 rs3731249 SNP by Sequencing.

Statistical Analysis
To detect the significance between the studied variables in this 
study, Chi-square test was applied, where all these statistical 
analyses were done using the Version– 23 SPSS program where 
the p <0.05 value was considered significant.

RESULTS

Age distribution of study groups
The studied tissues s were related to patients with acute myeloid 
leukemia whose age ranged from 2 to 80 years (mean = 51.6 
+ 11.5 years), while their control counterparts have a mean 
of 49.5 + 12.4 years. However, on comparing the age of these 
two groups, no significant variations were detected (p > 0.05) 
(Table 1).
•	 Detection Rates of HHV-6B by Using PCR Technique
•	 Extraction of Viral Genome
It is found that 42% (42 out of 100 cases) of the acute myeloid 
leukemia specimens were having DNA viral genome. While, 
the control group, 5 out of the 100 (5%) blood specimens were
having DNA viral genome (Table 2). A statistical significant 
difference between the results of study groups (p = 0.01).
•	 Detection of HHV-6B Genome by Conventional PCR:

Thirty –three percent (14 out of 42 cases) have HHV-6B 
genome in patients with AML .While ,no positive HHV-6B 
genome in AHC specimens (Figure and Table ). The statistical 
analysis of the differences between these two groups were 
significant (p = 0.02).
•	 The HHV-6B Results in Acute Myeloid Leukemia 

specimens according to the Age Groups
The frequency percent of HHV-6B according to age groups 

(1-20 years), (21-40 years), (41-60 years) and (61-80 years) were 
12.2; 8.1; 4.2 and 4.1%, respectively. Significant differences 
(p<0.05) were found according to age groups (Table 4).
•	 The PCR HHV-6B- DNA Positive in Patients with AML 

According to the Gender.
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The highly percentage of gender of patients with AML that 
have positive HHV-6 B-DNA PCR results was males 66.7% (8 
out of 12 cases) followed by females 33.3% (4 out of 12 cases).
Statistical analysis revealed significant differences in gender 
whom are positive for HHV-6B-DNA PCR (P<0.05).
•	 Genotyping of P14 rs3731249 Among study groups 

The findings revealed that in the GE patient group, the DNA 
polymorphism distributions were 53.1% (17 out of 32 cases), 
21.9% (7 out of 32 cases), 15.6% (5 out of 45 cases), and 9.3% 
(3 out of 32 cases) according to GA, CT, AT, and AG genotypes 
of P14 rs3731249 polymorphism.However, the P14 rs3731249 
polymorphism distributions for the GA and AG genotypes were 
60% (3 out of 5 cases) and 40% (2 out of 5 cases), respectively

DISCUSSION
The most prevalent viruses that causes cancer in human 
r were previously reviewed;11 they are likely inducing 
immunosuppression, triggering oncoproteins to modify host 
cells, and altering the expression of a protein in the host cells. 
Brain tumors, as heterogeneous, complex, multifactorial, and 
non-communicable neurological diseases, arise in the brain 
parenchyma and affect both adults and children.12 

It was shown that HHV-6 has infected over 90% of children 
before their 3 years of age, where it established viral latency is 
present in lymphocytes and is highly potent to trigger chronic 
inflammation and /or immunosuppression pathways.13,14 It 
was reported that the natural HHV-6 infection among those 
infected healthy adults is clinically either asymptomatic or has 
presented with non-specific symptoms.15

A small significant relationship between elevated HHV-
6seropositivity and with AML, 95% CI 1.07-1.33) was seen in 
the biggest case control using a serology study undertaken on 
individuals with haematologic malignancies who had not yet 
received immunosuppressive treatment. The findings provided 
here are consistent with case control research, in which AML 

Table 1: The age of patients with acute myeloid leukemia

Range(years)
S. E S. D Mean of age 

(years) No. Study 
groupsMaximum Minimum

80 6 1.97 11.5 51.6 100 AML

66 8 2.43 12.4 49.5 100 AHC

P-value = 0.3 No. sign. (P<0.05) 200 Total

Table 2: Viral genome detection in blood specimens

Viral Genome AML group AHC group⁺ Pearson Chi-Square 
(p-value)

Positive N 42 5 P=0.01
Hig.sign.
(P>0.05)

% 42% 5%
Negative N 58 95

% 58% 95%
Total N 100 100

% 100% 100%

⁺AHC means apparently health control

Table 3: Results of HHV-6 B- DNA in AML specimens among study groups

AML N/ % AHC* N/ %
Positive 12 ( 28.6%) 0\00
Negative 32 (71.4%) 5(100%)
Total 42 (100%) 5 (100%)

AHC* means apparently health control

Figure 1: Detection of HHV-6 B from patients with acute myeloid leukemia, 
Lanes 1.5% agarose gel electrophoresis, TBX 1X , at voltage 85 Volt for 1h , 

lanse( 480bp ) were positive

Table 4: Frequency of HHV-6B-DNA positive among according to their age 
groups patients with acute myeloid leukemia.

Patient HHV6-B p-value

Age (1-20) 12.2% Anova test
P=0.04
(P<0.05)Age (21-40) 8.1%

Age (41-60) 4.2%

Age (61-80) 4.1%

Table 5: PCR results of HHV-6B- DNA in AML based on the gender of 
patients

HHV-6- Infected AML
Gender of Patients

 %No.

66.78Men

33.34Women

(P<0.05)= 0.04The analysis Statistical

Figure 2: P14 rs3731249 from patients with acute myeloid leukemia, Lanes 
1.5% agarose gel electrophoresis, TBX 1X , at voltage 85 Volt for 1h , lanse 

( 525 bp ) were positive
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patients had a greater prevalence of HHV-6 antibodies than 
the control group (95% CI 1.90-3.74)16

In addition, malignant cells in two cases of monoblastic 
leukemia were shown to have HHV-6 DNA, immature viral 
particles,and antigens,17

whereas ten AML patients in another research had 
undetectable HHV-6 DNA upon blot hybridization.18 
According to several investigations done on healthy persons,the 
prevalence of HHV6 might be affected by age, sex, region and 
ethnicity, with titres being higher in children than in adults, 
in females than in men, and in Ghanaians compared to Asians 
and White Americans.(19-21) In our investigation, neither age 
nor sex-based differences in seropositivity were found

The (CDKN2A/B) genes’ inactivation is a major factor in 
the etiology and medication resistance of ALL and can result 
in the malignant proliferation of tumor cells(.CDKN2A/B) 
inactivation was found to increase pre-B cells’ capacity for 
self-renewal, ensure the development of their full leukemic 
potential, and amplify the resistance pcr ABL1 positive ALL 
mouse models treated with tyrosine kinase inhibitors (TKIs), 
according to in vitro and in vivo studies.22,23 In both childhood 
and adult ALL, deletions of CDKN2A/B occur commonly 
(30–50%). Numerous research have looked at the prognostic 
significance of CDKN2A/B deletions, although the findings 
are still debatable.24

Previous studies have linked two SNPs at the CDKN2A 
gene to ALL risk. first SNP, rs3731249 C>T, is found in exon 
2 of the( CDKN2A0 gene and causes Ala148Tr (Alanine to 
Treonine) alteration that affects the function of the p16INK4A 
and p14ARF proteins as well as the reduction in gene 
expression25,26 This study discovered a significant correlation 
between ALL and the genotype and allele frequency of the 
rs3731249 gene. Similar results were found in a research by 
Gutierrez-Camino et al. that showed rs3731249 increased 
incidence of B-ALL in Spanish population.27 Another study 
found that this SNP tripled ALL incidence in children from 
European countries.28

Additionally, according to Vijayakrishnan et al.,29 the link 
between rs3731249 and ALL was not limited to a particular 
subgroup of B-cell ALL.

REFERENCES 
1.	 Lazarevic V, Orsmark-Pietras C, Lilljebjorn H, et al. Isolated 

myelosarcoma is characterized by recurrent NFE2 mutations and 
concurrent preleukemic clones in the bone marrow. Blood. 2018;131:577-
581.

2.	 Arbuckle JH, Medveczky MM, Luka J, Hadley SH, Luegmayr A, et al. 
(2010) The latent human herpesvirus-6A genome specifically integrates 
in telomeres of human chromosomes in vivo and in vitro. Proc Natl Acad 
Sci USA 107: 5563–5568.

3.	 Luppi M, Barozzi P, Morris CM, Merelli E, Torelli G (1998) Integration 
of human herpesvirus 6 genome in human chromosomes. Lancet 352: 
1707–1708.

4.	 Torelli G, Barozzi P, Marasca R, Cocconcelli P, Merelli E, et al. (1995) 
Targeted integration of human herpesvirus 6 in the p arm of chromosome 
17 of human peripheral blood mononuclear cells in vivo. J Med Virol 
46: 178–188.

5.	 Daibata M, Taguchi T, Nemoto Y, Taguchi H, Miyoshi I (1999) 
Inheritance of chromosomally integrated human herpesvirus 6 DNA. 
Blood 94: 1545–1549.

6.	 Yamanishi K, Okuno T, Shiraki K, Takahashi M, Kondo T, et al. (1988) 
Identification of human herpesvirus-6 as a causal agent for exanthem 
subitum [see comments]. Lancet 1: 1065–1067.

7.	 Bates M, Monze M, Bima H, Kapambwe M, Clark D, et al. (2009) 
Predominant human herpesvirus 6 variant A infant infections in an 
HIV-1 endemic region of Sub-Saharan Africa. J Med Virol 81: 779–789.

8.	 Eliassen E, Lum E, Pritchett J, Ongradi J, Krueger G, Crawford JR, 
Phan TL, Ablashi D and Hudnall SD (2018) Human Herpesvirus 
6 and Malignancy: A Review. Front. Oncol. 8:512. doi: 10.3389/
fonc.2018.00512.

9.	 Allahbakhshian Farsani M, Rafiee M, Aghaee Nezhad H, Salari 
S, Gharehbaghian A, Mohammadi MH. The Expression of P53, 
MDM2, c-myc, and P14ARF Genes in Newly Diagnosed Acute 
Lymphoblastic Leukemia Patients. Indian J Hematol Blood Transfus. 
2020 Apr;36(2):277-283. doi: 10.1007/s12288-019-01214-6. Epub 2019 
Oct 16. PMID: 32425378; PMCID: PMC7229094. 

10.	Mahla Sattarzadeh Bardsiri1, , Shahrzad Zehtab , Najibe Karami , Alireza 
Farsinejad, Mohsen Ehsan, and Ahmad Fatem. Association of IKZF1 
and CDKN2A gene polymorphisms with childhood acute lymphoblastic 
leukemia: a high-resolution melting analysis. BMC Medical Genomics 
(2022) 15:171 https://doi.org/10.1186/s12920-022-01325-6.

11.	White MK, Pagano JS, Khalili K. Viruses and human cancers: a long 
road of discovery of molecular paradigms. Clin Microbiol Rev. 2014 
Jul;27(3):463-81. doi: 10.1128/CMR.00124-13. PMID: 24982317; PMCID: 
PMC4135891.

12.	Ostrom QT, Adel Fahmideh M, Cote DJ, Muskens IS, Schraw JM, 
Scheurer ME, Bondy ML. Risk factors for childhood and adult primary 
brain tumors. Neuro Oncol. 2019 Nov 4;21(11):1357-1375. doi: 10.1093/
neuonc/noz123. PMID: 31301133; PMCID: PMC6827837.

13.	Eliassen E, Lum E, Pritchett J, Ongradi J, Krueger G, Crawford JR, Phan 
TL, Ablashi D, Hudnall SD. Human Herpesvirus 6 and Malignancy: A 
Review. Front Oncol. 2018 Nov 13;8:512. doi: 10.3389/fonc.2018.00512. 
PMID: 30542640; PMCID: PMC6277865.

14.	Michael L Wood ,Colin D Veal, Rita Neumann, Nicolás M Suárez,Jenna 
Nichols et al.(2021) Variation in human herpesvirus 6B telomeric 
integration, excision, and transmission between tissues and individuals 
eLife 10:e70452.

15.	Santpere G, Telford M, Andrés-Benito P, Navarro A, Ferrer I. The 
Presence of Human Herpes virus 6 in the Brain in Health and Disease. 
Biomolecules. 2020 Nov 6;10(11):1520. doi: 10.3390/biom10111520. 
PMID: 33172107; PMCID: PMC7694807.

16.	Clark DA, Alexander FE, McKinney PA, Roberts BE, O’Brien C, Jarrett 
RF, Cartwright RA and Onions DE (1990) The seroepidemiology of 

Table 6: the Comparison between patient with AML and AHC on percentages of P14 rs3731249 expressed gene polymorphism

Polymorphism of 
P14 rs3731249 Type of Mutation

Study group OR
[Patients]

OR
[Control] p-value 95% C.I for OR 

[Patients]HC NO.(50) GE NO.(150)

lower Upper

G\A Transtion 60% 53.2% 0.8 1.7 0.001 0.83 0.99

C\T Transversion 0.0% 21.8% 0.7 1.4 0.008 0.77 0.97

A\T Transversion 0.0% 15.5% 0.6 1.3 0.006 0.80 0.96

A\G Transtion 40% 9.4% 0.8 1.1 0.003 0.88 0.95



Please provide short title

Query Report
Q1	Article Type is missing 	
Q2	Kindly provide table 3 and 5,6 in-text citation	
Q3	Kindly provide Figure 1 and 2 in-text citation	
Q4	Cross-check and verify for accuracy/data/format, correct, and provide all references in consistent Vancouver format.	
Sample reference formatted to act as an example and to maintain consistency of format (Vancouver) required	
Kumar RA, Sridevi K, Kumar NV, Nanduri S, Rajagopal S. Anticancer and immunostimulatory compounds from Andrographis 
paniculata. Journal of Ethnopharmacology. 2004;92:291-295. Available from: doi.org/10.1016/j.jep.2004.03.004

Sci. J. Med. Res. Vol. 7, Issue 25, pp 25-29, 2023	 29.

human herpesvirus-6 (HHV-6) from a case-control study of leukemia 
and lymphoma. Int J Cancer 45: 829–833

17.	 Krueger GRF, Klueppelberg U, Hoffmann A and Ablashi DV (1994) 
Clinical correlates of infection with human herpesvirus-6. In Vivo 8: 
457–486

18.	Josephs SF, Buchbinder A, Streicher HZ, Ablashi DV, Salahuddin SZ, 
Guo H-G, Wong-Staal F, Cossman J, Raffeld M, Sundeen J, Levine 
P, Biggar R, Krueger GRF, Fox RI and Gallo RC (1988) Detection of 
human B-lymphotropic virus (human herpesvirus 6) sequences in B cell 
lymphoma tissues of three patients. Leukemia 2: 132–135

19.	Levine PH, Neequaye J, Yadav M and Connelly R (1992b) Geographic/
ethnic differences in human herpesvirus-6 antibody patterns. Microbiol 
Immunol 36: 169–172

20.	Ragona G, Calogero A, Cirone M, Cuomo L, Gonnella R, Zompetta 
C, Gentile G, Martino P, Menichella D, Frati L and Faggioni A (1994) 
HHV-6 infection in Italy: characterization of an endemic isolate and 
seroepidemiologic analysis. Clin Diagn Virol 1: 261–270

21.	Braun DK, Dominguez G and Pellet PE (1997) Human herpes virus 6. 
Clin Microbiol Rev 10: 521–567

22.	Xu N, Li YL, Zhou X, et al. CDKN2 gene deletion as poor prognosis 
predictor involved in the progression of adult B-lineage acute 
lymphoblastic leukemia patients. J Cancer. 2015; 6:1114–1120.

23.	Moorman AV, Enshaei A, Schwab C, et al. A novel integrated cytogenetic 
and genomic classification refines risk stratification in pediatric acute 
lymphoblastic leukemia. Blood. 2014;124:1434–1444. 

24.	Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 

systematic reviews and meta-analyses: the PRISMA statement. PLoS 
Med. 2009;6:e1000097. 

25.	Xu H, Zhang H, Yang W, Yadav R, Morrison AC, Qian M, Devidas 
M, Liu Y, Perez-Andreu V, Zhao X. Gastier-foster JM (2015) inherited 
coding variants at the CDKN2A locus infuence susceptibility to acute 
lymphoblastic leukemia in children. Nat Commun. 2015;6:1–7. https://
doi.org/10.1038/ ncomms8553.

26.	Mahjoub S, Ghali R, Chaeib V, Achour B, Megdich F. CDKN2A and 
CDKN2B gene variants in acute lymphoblastic leukemia in tunisian 
population. J Leuk. 2018;6:2. https://doi.org/10.4172/2329-6917.1000247.

27.	Gutierrez-Camino A, Martin-Guerrero I, de Andoin NG, Sastre A, 
Baneres AC, Astigarraga I, Navajas A, Garcia-Orad A. Confrmation 
of involvement of new variants at CDKN2A/B in pediatric acute 
lymphoblastic leukemia susceptibility in the Spanish population. PLoS 
ONE. 2017. https://doi.org/ 10.1371/journal.pone.0177421

28.	Walsh KM, De Smith AJ, Hansen HM, Smirnov IV, Gonseth S, Endicott 
AA, Xiao J, Rice T, Fu CH, McCoy LS, Lachance DH. A heritable 
missense polymorphism in CDKN2A confers a strong risk of childhood 
acute lymphoblastic leukemia and is preferentially selected during clonal 
evolution. Cancer Res. 2015;75:4884–94. https://doi.org/10.1158/0008-
5472. CAN-15-1105. 

29.	Vijayakrishnan J, Henrion M, Moorman AV, Fiege B, Kumar R, da Silva 
Filho MI, Holroyd A, Koehler R, Thomsen H, Irving JA, Allan JM. The 
9p21. 3 risk of childhood acute lymphoblastic leukemia is explained by 
a rare high-impact variant in CDKN2A. Sci Rep. 2015;5:15065. https://
doi.org/10. 1038/srep15065.


	Introduction
	Materials and Methods
	Materials
	Methods


