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[YTSE Leukemia is one of the most common childhood malignancies. The Epstein-Barr Virus (EBV) is a
tumorigenic virus of the herpes family and causes a primary infection in young children. This study aimed
to evaluate the increase in NFKB expression following the EBV virus and its contribution to the half-life of
EBV-positive acute lymphoblastic leukemia patients.

In this case-control study, we examined blood samples of 60 patients referred to
Tabriz Children’s Hospital for 6 months, Tabriz City, Iran, in 2019. RNA extraction was performed from the
collected samples, and the quantity and quality of the extracted RNA were controlled by a NanoDrop
device and gel electrophoresis. cDNA synthesis was performed from RNA extracted from the sample.
NFKB gene expression was assessed using real-time PCR. The obtained data were analyzed using a t-test.
[FEITTE The results showed that the EBV virus decreased the expression of the NFKB gene in patients
with acute lymphoblastic leukemia. The expression of the NFKB gene in patients with acute lymphoblastic
leukemia increased significantly compared to the control group (P<0.05).

[T The NFKB gene can be used as a precursor for diagnosing acute lymphoblastic leukemia. How-
ever, further studies are required on EBV infection and acute lymphoblastic disease.
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English Version ic tissue infiltration. Common symptoms are fever, pale-
ness, petechia, ecchymosis, nausea, anorexia, and bone or
joint pain [ 1, 2]. Acute leukemia is the most common type
of malignancy in children and accounts for about 30% of
all childhood malignancies. Statistics show that 4 out of
every 100000 children under the age of 15 have acute
leukemia. About 77% of pediatric leukemia are acute
lymphoblastic, 11% are myeloblastic, and 12% are other

types of leukemia [3]. ALL is a type of white blood cell

1. Introduction

eukemia is one of the most common
childhood malignancies, affecting about
40 cases per million children under 15.
Acute Lymphoblastic Leukemia (ALL)
accounts for about 75% of these cases.

ALL is divided according to cell line into T or B. Signs
and symptoms of acute leukemia are associated with nor-
mal tissues and can lead to bone marrow failure or specif-
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leukemia or cancer. ALL damages and kills normal bone
marrow cells and spreads to other organs. Although the
disease is most common in childhood between 2 and 5,
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it can also be seen in people over 60. In ALL, the precur-
sors of B and T lymphocytes are involved. Mutations in
proto-oncogenes and their conversion to oncogenes are ef-
fective factors in causing malignancies. ALL prevalence
is higher in males than females [4, 5].

Epstein-Barr Virus (EBV) is the first DNA tumor virus
discovered and is a herpes virus family member. EBV
consists of a dual-stranded genome approximately 172 kb
in length that encodes more than 80 genes and unencoded
RNAs. It is a linear virus but forms circular as an epizome
in the nucleus of infected cells. EBV is associated with
many malignant diseases of lymphoma carcinomas, as
well as many benign diseases, such as infectious mononu-
cleosis, and is also considered a promoter factor for some
autoimmune diseases. In total, about 1%-1.5% of the can-
cers are estimated to be related to EBV worldwide [6].

The Epstein-Barr virus infects about 90% of the popula-
tion and is the primary infection in young children, and
may cause mononucleosis infection [7]. In most people,
the virus is lodged in B cells, and the health consequences
are not recognized. However, the virus has a list of as-
sociated malignant diseases of lymphoid or enveloping
origin, such as Burkitt lymphoma, post-transplant lym-
phocytic disease, B immune lymphoma, Hodgkin’s lym-
phoma, natural killer T cell lymphoma, rhinoplasty, leio-
myosarcoma in AIDS, and - * + gastric cancer subsets. In
addition, these viruses are associated with areas, such as
the chest, lungs, and prostate [8].

NF-«B is a protein complex that controls DNA tran-
scription, cytokine production, and cell half-life. Its gene
is expressed in most cells and changes its behavior un-
der the influence of various environmental factors such
as stress, viruses, and radiation. NF-«B is a major factor
in regulating the pattern of immune response to microbial
agents. Abnormal regulation of the NFKB gene has been
observed in various diseases, such as cancers [9, 10]. NF-
kB is a transcription factor that regulates the expression
of antiapoptotic genes and activates chemokines and pro-
inflammatory cytokines. NF-«B is a key mediator in car-
cinogenesis by inflammation [11]. NF-«B is widely used
by eukaryotic cells to regulate the expression of genes
involved in proliferation and survival. Therefore, many
human tumors have abnormal and unregulated NF-«B, in
which NF-kB is permanently active [12, 13]. NF-«B ac-
tivates the expression of genes that keep cell proliferation
active and, on the other hand, protects cells against apop-
tosis. This transcription factor is involved in various cel-
lular activities and plays an important role in various bio-
logical functions. Known actions of this factor include the
regulation of immune and inflammatory responses, cell
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proliferation, hematopoiesis, and NFKB apoptosis. Taka-
da et al. showed that TNF-induced apoptosis is potenti-
ated by the suppression of NF-«B in acute human Jurkat
cell leukemia [14]. Lehtinen et al. concluded that activa-
tion of maternal herpes virus infection increases the risk
of ALL in children. Only positive EBV immunoglobulin
in mothers, EBV-IgG, is associated with a significant risk
of ALL in children [15]. Previous studies have shown that
H202 is an effective inducer of NF«B pathway activation
[16]. This study aimed to evaluate the increase in NFKB
expression following the EBV virus and its participation
in the half-life of EBV-positive acute lymphoblastic leu-
kemia patients.

2. Materials and Methods

The sample size was estimated at 60 (60 healthy indi-
viduals as control and 60 patients with acute lymphoblas-
tic leukemia) using the following formula considering P
=0.1, with a 95% confidence interval and a tolerable error
rate of 0.04.

Z, ,p(1-p)
2

T

In this case-control study, we included the children aged
14 years with ALL who were referred to Tabriz Children’s
Hospital, Tabriz City, Iran, in 2019. After referral, the de-
tails of each patient were recorded with the permission
and consent of the patient. The inclusion criteria included
patients with no history of acute viral infections, auto-
immune diseases, or endocrine disorders. An oncologist
confirmed the diagnosis of ALL in children. These pa-
tients were sampled before starting chemotherapy. Two
milliliters of venous blood were taken from each individ-
ual and poured into the Falcon tubes, containing EDTA
as an anticoagulant. Then, the tubes were gently shaken
to mix and prevent blood clots from forming and eventu-
ally transferred to the laboratory and stored in a freezer
at -80°C. In addition, the blood of 60 healthy individuals
was taken as a control group.

To extract RNA, the cells were lysed with Traysol buf-
fer. The resulting cell lysates were transferred into DN-
ase/RNase-free microtubules. Then, 200 puL of chloroform
was added to the microtube and centrifuged at 12000 rpm
for 10 min. In the next step, the supernatant was discard-
ed, and 70% isopropanol was added to it. On the next day,
the tubes were centrifuged for 10 min at 12000 rpm, and
then the supernatant was discarded, and the precipitate
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Table 1. Specifications of primers used in this study

October 2021. Vol 27. Issue 4

Primer Name (Access Number) Primer Sequence Product Size PCR (bp) Tm Primer
NFKB1-F Forward CCGGCTTCAGAATGGCAGAA 59.23
NFKB1 - Reverse TATGGGCCATCTGTTGGCAG 139 59.97
NFKB1-P Primer TGGGAAGGCCTGAACAAATGTTTCA 60.32
GAPDH- Forward GAAAGCCTGCCGGTGACTAA 60.60
GAPDH-Reverse CTGCGCTCCTGCCTCGATGG 150 60.31
GAPDH-Primer AGGAAAAGCATCACCCGGAG 59.30
uarterly of

was dried at ambient temperature. Finally, the resulting
precipitate was dissolved in 1 pL. The amount of RNA
extracted by the optical method was measured using the
NanoDrop device (Wilmington, DE, USA), and the qual-
ity of RNA was evaluated by gel electrophoresis.

To evaluate the quality of the extracted RNAs, 5 sam-
ples were electrophoresed randomly on the formaldehyde
agarose gel. For this purpose, first, 0.8 gel was made.
Then, the samples were loaded on the gel after tightening
the gel and were electrophoresed at 80V for 1 hour.

Quantitative analysis of RNA was performed by Nano-
Drop device with absorption measurements at 260 and
280 nm.

The complementary DNA molecules were fabricated
with the QuantiTect Reverse Transcription kit by Kiajen.
The used primers were designed by Gene runner soft-
ware (Version 3.05) and BLASTed by the NCBI website
(www.ncbi.nlm.nih.gov). Table 1 presents the informa-
tion on the primers. The primers were synthesized by the
Takapozist Company.

A real-time PCR reaction was performed in triplicate.
Thus, in real-time PCR tubes, 1 uL of cDNA and 19 uL of
the Mastermix SYBR green, containing 1 pL of forward-
ing primer (0.2 uM), 1 pL of Primer Rivers (0.2 uM), 7
pL of DEPC, and 10 pL Mastermix 1x real-time were
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shed. Then the tubes were placed in real-time PCR, and
the device was run.

To investigate the methylation of the NFKB gene, total
DNA from the received paraffin block was isolated ac-
cording to the instructions of Bioneer, the manufacturer of
the DNA extraction kit from the paraffin block with cata-
log number 740980.50. To evaluate the methylation of
the EBV virus genome, viral DNA was first isolated from
tissue samples of EBV-positive acute lymphoblastic leu-
kemia patients as follows. First, 200 mg of homogenized
tissue was transferred into a 1.5 mL tube, then 200 pL of
lysis buffer HL was added and incubated for 5 minutes at
room temperature. Next, 20 uL of proteinase K and 20 pL.
of Carrier DNA were added and mixed. Then, the internal
control of binding buffer HL was added to the amount and
mixed. The mixture was transferred to an RTA Spin Filter
and incubated for 1 min at room temperature. The mix
was centrifuged at 2000 rpm for 2 min. The mixture was
again transferred into the RTA Spin Filter into the new
RTA Receiver.

Afterward, 500 puL of Wash Buffer I was added to the
RTA Spin Filter. The mixture was centrifuged at 11000
rpm for 1 min. The mixture was again transferred to a
new RTA Spin Filter. Next, 700 pL of Wash Buffer II was
added and centrifuged. Then, the filter was removed and
placed on the tube. The RTA Spin Filter was transferred
to a new tube. It was centrifuged at maximum speed for 4
min to remove the ethanol completely. It was transferred
to anew filter for 15 minutes. Then,100 pL of Elution Buf-
fer, previously heated to 56°C was added to the RTA Spin
Filter, and the mixture was incubated at room temperature
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Table 2. Frequency distribution of the patients and control group according to gender and Epstein-Barr Virus (EBV)
No. (%)
Variable The Chi-square Sig.

Patient Control
Female 36(58.6) 36(41.4)

5.21 0.061
Male 24(41.0) 24(59)

EBV- EBV+ EBV- EBV+
Presence of EBV 6.092 0.039
41 19 53 7
uarterly of

for 1 min, then centrifuged and the viral DNA at 4°C or
20 °C stored.

The auxiliary standards in Kit ™ (DynaBio. Takapozist,
Iran) were the same as the sample extraction method and
with the same volume.

To generate a standard curve in RotorGene ™
2000/3000/6000, all 5 standards were defined in the edit-
ing menu of RotorGene software. The same items were
used as the standards for the specified concentrations.

The following formula was applied to convert the speci-
fied values using the standard curve to IU/mL samples.

Result (IUuL) x Elution volume (uL)

Result (IU/mL) =
( / Sample volume (mL)

After completing the laboratory work, using Hardy
Weinberg’s law, the expected and observed frequencies
were calculated and entered into the SPSS. Analysis of
variance was used to compare the mean number of mu-
tant alleles in the study population. The null hypothesis
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in ANOVA is that the mean of the dependent variable is
equal at all levels of the independent variable.

3. Results

The patient group comprised 24 men (41.4%) and 36
women (58.6%), and the control group included 24 men
(41.4%) and 36 women (58.6%). The Mean+SD age in
the patient group was 8.6+1.35 years, and the mean age
in the healthy group was 7.74+1.46 years. There was no
statistical difference between the patient group and the
healthy group regarding the mean age (Table 2).

To confirm the quality of the extracted RNA, electro-
phoresis of the samples was performed on 0.8% agarose
gel, showing ribosomal 18s and 28s bands (Figure 1).
The presence and quality of ribosomal 18s and 28s bands
indicate the quality of the extracted RNA.

After treating the RNA extracted by the mentioned
method and quantifying it, spectrophotometric analysis
was performed to ensure their concentration.
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Figure 1. 18s and 28s ribosomal bands from electrophoresis of RNA samples on 0.8% agarose gel
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Figure 2. NFKB expression change in leukemia samples com-
pared to the control group

Evaluation of NFKB Gene Expression Change in Leu-
kemia Cells by Real-Time PCR

To evaluate NFKB expression change, after initial con-
figuration, we performed RNA extraction. After cDNA
synthesis, the expression pattern was examined using
primers and specific probes.

Study of NFKB Gene Expression in Leukemia Cells Com-
pared With the Control Samples by Real-Time RT-PCR

NFKB gene expression was evaluated in leukemia sam-
ples. The results showed that NFKB gene expression in-
creased significantly in the group of acute lymphoblastic
leukemia (P<0.05, Figure 2).

The result of changes in NFKB gene expression showed
that the EBV virus decreased NFKB gene expression in
EBYV positive groups (P=0.041) (Figure 3).

October 2021. Vol 27. Issue 4

Table 3 separately shows the significant pattern of the
NFKB gene using the unpaired t-test.

4. Discussion

This study showed that the expression of the NFKB
gene increased significantly in the patient group, and the
Epstein-Barr virus decreased the expression of the NFKB
gene in Acute Lymphoblastic Leukemia (ALL). ALL is a
type of cancer that affects lymphocytes and lymphocyte-
producing cells in the bone marrow. Lymphocytes are a
type of white blood cell that produces antibodies and are
vital parts of the immune system. Lymphocytes are di-
vided into subgroups based on their functions, the most
important of which are B and T cells. In ALL, an accu-
mulation of cells that make up immature lymphocytes
called blast cells is seen in the bone marrow. These cells
affect normal blood cells and eventually reduce the pro-
duction of red blood cells, white blood cells, and platelets.
Acute Lymphoblastic Leukemia (ALL) is the most com-
mon malignancy in childhood, occurring in 80% to 85%
of cases of children less than 6 years old [17]. In a 2004
study, Pui et al. found that neurological involvement was
rare in patients with leukemia [18]. Also, in the study of
Akramipour et al., who studied 5 years of children with
acute myeloid leukemia in Ahvaz Shafa Hospital, less
than 5.3% involvement of the nervous system in these
patients was reported [19].

NFKB is a transcription factor that plays an important
role in inflammation, immune responses, innate and ac-
quired immunity by regulating various aspects of the
evolution and function of functional cells, which is consis-
tent with our study [20]. A study on liver HepG cells by
Narayanan et al. revealed that in virus-infected cells, two
types of reactive oxygen species increase, thereby activat-
ing the NF-«xB pathway in the early stages of the disease.
This finding is consistent with our study [21]. The results
of Chinini’s study show that [3C and its compounds can

Table 3. Bilateral ANOVA of NFKB gene expression pattern based on fold change in leukemia patients with positive and negative EBV

Comparison of leukemia patients/healthy population

Calculated Values

Fold Change Leukemia/healthy population 1.82
p* 0.041
t 2.256
df 2
Is the difference significan? (Confidence interval= 95%) Yes
uarterly of
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Figure 3. Bilateral ANOVA of NFKB Gene expression pattern based on fold change in with positive and negative EBV leukemia

patients

induce apoptosis in various cancer cells by inhibiting the
NF-kB transcription factor, which is inconsistent with
our study [22]. Salvatore et al., in their research, stated
that following treatment of cells with doxorubicin, this
compound inhibits DNA synthesis by binding to double-
stranded DNA and stabilizing the topoisomerase I com-
plex, leading to the induction of apoptosis.

On the other hand, in addition to this process, another
pathway is activated, which, by using NF-«B and subse-
quent activation of genes involved in cell survival such as
survivin, IAP1-c, and XIAP, prevents cell death. These
results are consistent with our study [23]. The results of
a study by Adcock et al. showed that NF-kB activation
plays an important role in inflammatory processes, im-
mune responses, and cell death through binding to pro-
moters of various genes such as TNF-a, 1B-IL, and cy-
clooxygenase-2. This finding is not consistent with our
study [24]. Go et al. stated that valproate protects neurons
from oxidative stress-inducing cell death by increasing
NF-kB acetylation and has a neuroprotective effect con-
sistent with our study [25]. In the study of intermediate
proteins, 170 related protein kinases were observed from
the expressed reduced genes, of which 62 were predicted
to be specific for the expressed reduced genes, and among
62 kinases (Inhibitor of NF-kB), kinase subunit (Beta)
IKBKB received the best score. It plays an important
role in the NF-kB signaling pathway activated in DNA
damage, cytokine inflammation, bacterial and viral pro-
duction. By activating hundreds of genes, it triggers the
immune response, growth control, and protection against
apoptosis. This finding is consistent with our study [26].
Rothe stated in his research that some molecules whose
expression is regulated in EBV-infected cells might play

an indirect role in NF-«xB activation. SNK6 cells are re-
ported to produce TNF-a, which activates NF-xB in T
and NK cells [27]. Rothe stated in his study that NF-xB
could be activated downstream of CD40 and CD137.
EBV-induced CD40 or CD137 expression may be in-
volved in NF-«B activation in EBV-T/NK cells. This re-
sult is not consistent with our study [27]. Sugano et al.
reported that EBV binding initiates NF-kB activation,
which is necessary for successful cell infection. NF-xB
activity, in turn, also regulates the expression of the CD21
molecule, which may provide a positive feedback loop
to enhance cell sensitivity to EBV entry. This finding is
inconsistent with our study [28]. Cahir-McFarland et al.
showed that deletion of NF-kB activity-induced apoptosis
of EBV-infected lymphoma cell lines in vitro and mice,
indicates that this is a major pathway created by viral
oncoproteins. The findings are consistent with our $tudy
results [29, 30]. There is a relationship between NF-xB
activation and cell proliferation in cell cycle arrest based
on the relative balance between biological and biochemi-
cal functions of NF-kB, besides the important role of NF-
kB in resistance to apoptosis and hematopoietic stem cell
division control. Recently NF-kB has also been shown to
be involved in oxidative stress. NF-kB activation is re-
sponsible for activating Nitric Oxide Synthase (iNOS)
to increase Nitric Oxide (NO), described as a pro-apop-
totic function of NF-«B. Nitric oxide production pattern
may control cell survival because acute NO production
has been shown to cause apoptosis. However, chronic
NO production with active constituent NF-xB signaling
can inhibit the mechanism of apoptosis. This finding is
consistent with our study [31]. Safa et al. reported that
in human tumorigenesis, NFKB is an essential factor in
the survival of cancer cells, which is consistent with our
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study [31]. Poglio et al. reported that changes in the NF-
kB pathway are recognized, particularly in ALL and other
types of leukemia. For example, its regulation should fa-
cilitate leukemia cell apoptosis. This finding is consistent
with our study [32]. A study published by Lehtinen et al.
showed that maternal reactivation of EBV infection in the
first trimester was associated with a significant increase
in the incidence of ALL in offspring. This result is in-
consistent with our study [15]. Takada et al. showed that
TNF-induced apoptosis is amplified by the suppression of
NF-kB in acute human Jukart cell leukemia. This result is
consistent with our study [14].

5. Conclusion

The NFKB gene could be a precursor to the diagnosis
of acute lymphoblastic leukemia. However, further stud-
ies on EBV infection and acute lymphoblastic disease are
required.
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