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Abstract

T(14;18)(q32;921) led to BCL2/IGH fusion, is a common genetic aberration
in Follicular Lymphoma (FL) and some high grade B cell lymphomas. This
rearrangement can only be envisaged as a primary step in the transformation of
a normal B-cell into a malignant cell, more secondary hits are also necessary.
Thus t(14;18) translocation might be present in B cells of a percent of healthy
individuals, waiting for second hit to get transformed. The aim of this study was
to analyze the age-dependent frequency of t(14;18) in the peripheral blood/
lymphoid tissue of a healthy Iranian population to see whether primary or
secondary hits were underlying cause of low frequency of FL in Iran. In this
study 146 normal samples (peripheral blood/FFPE tissue) examined. Ten
positive and 10 negative controls also included. A nested PCR assay was used
to investigate BCL2/IGH fusion. Tissue samples with fusion gene detected in
them, investigated more deeply by H&E and immunohistochemistry to exclude
FL. SPSS version 22 was used for all statistical analysis. Among110 peripheral
blood samples, only one showed t(14;18) (0.1%) and two out of 36 FFPE tissue
samples were translocation-positive (5.5%). The prevalence of t(14;18)IGH/
BCL2 fusion in Iranian healthy individuals is lower than other populations. It
seems that the low frequency of it, as the initial step of carcinogenesis, explains
low incidence of FL in Iran. Secondary hits are probably less important in this
difference.

Keywords: Follicular ymphoma; Chromosomal translocation t(14;18); IGH/
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Introduction

It is evident that chromosomal translocations are of prime
importance in the genesis of B-cell lymphomas [1]. Non-Hodgkin
lymphoma (NHL) is a tumor of B-lymphocyte origin. Follicular
lymphoma (FL) accounts for 20-25% of all NHL and is generally
characterized by an indolent clinical behavior with an overall median
survival of 8 to 10 years. It is recognized as one single entity in the
World Health Organization (WHO) classification [2,3]. The t(14;18)
(932;q21) translocation is a common genetic aberration that can
be seen as an early step in pathogenesis of FL [4]. It involves the
immunoglobulin heavy chain (IgH) gene on chromosome 14q32
and the bcl2 (B cell leukemia/lymphoma 2) gene on chromosome
18q21 and can be detected cytogenetically in about 85-90% of
FLs. In other words, the t(14;18)-translocation is not present in all
FL cases. Almost 60% of the t(14;18)-translocations are clustered
within major breakpoint region (MBR) located in the 3" untranslated
region of the second exon of the bcl2 gene on chromosome 18q21.
Another 8-15% of the breakpoints cluster within minor cluster region
(mcr) located 25 kb downstream of the MBR [1,5,6]. Nevertheless,
breakpoints at bcl- 2 locus are not always located within either
the MBR or the mcr, and to their detection need to apply specific
methods [7,8]. The breakpoints on chromosome 14q32 are mainly
found within the joining elements (JH) of the IgH locus. The
location of the breakpoints indicate an aberrant recombination

process at a primary stage of pre-B-cell differentiation when the D
and ] gene elements of the IgH chain locus are rearranged [9]. Of
course the origin of these breakpoints is predominantly unknown.
In t(14;18)- translocation the anti-apoptotic bcl2 gene comes under
the control of the IgH chain enhancer which leads to a constitutive
expression of a structural intact, functional bcl2 protein. Therefore,
this rearrangement confers a survival advantage to the affected cells
by delaying programmed cell death, especially during the follicle
center reaction [10-12]. Nonetheless, deregulation of bcl2 alone
seems to be insufficient to establish a fully malignant phenotype.
This is supported by experiments with transfected cell lines and data
obtained from transgenic mice. Therefore, the t(14;18)-translocation
can only be envisaged as a primary step in the transformation of a
normal B-cell into a malignant cell. Thus, the t(14;18) translocation
might be present in blood B cells of healthy individuals [13]. More
than 50% of western European and North American normal
individuals have circulating B-cells that carry this rearrangement. The
frequency of these cells seems to be increased with age and smoking
habits measured in pack years. The prevalence in Asian (Japanese)
individuals appears to be lower than in Caucasians [14-16]. Follicular
lymphoma is uncommon in Iran [17]. The t(14;18)-translocation in
cells of normal individuals are indiscernible from those found in FL,
and the strongly conserved breakpoints within the bcl2 gene and the
igH locus make this aberration a initial target for highly sensitive
DNA-PCR techniques [4]. Our aim of this study was to analyze
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Figure 1: The results of t(14;18)- translocation analysis on agarose gel.
Samples 1-4 and 6: Peripheral blood/translocation-negative. Sample 5:
Peripheral blood/translocation-positive. Samples 7-9 and 17: FFPE tissues/
translocation-negative. Samples 10 &11: FFPE tissues/translocation-positive.
Samples 13&14: positive controls. Samples 15&16: negative controls.
Sample 12: ladder (50bp).

Figure 3: Pax5 staining for the diagnosis of FL with magnification x40.

the age-dependent frequency of the t(14;18)- translocation in the
peripheral blood/tissue of a healthy Iranian population.

Methods
Study design

This cross-sectional study was done from 2016 to 2017 in the
molecular pathology ward of Shiraz Medical University, Shiraz,
Iran. The study included 146 healthy samples: One hundred ten
peripheral blood samples from live persons and 36 lymphoma tissues
from autopsies. Blood and tissue samples of healthy individuals
were collected respectively at the affiliated hospital of Shiraz Medical
University and forensic medicine, Shiraz, Iran. All live persons and
families of deceased persons provided informed consent and the
study was approved by the local ethics committee of affiliated hospital
of Shiraz Medical University. This study was approved at the Islamic
Azad university, Arsanjan, Shiraz. A description of the study healthy
population, by gender and age is shown in Table 1.

Also, in this study 10 formalin-fixed, paraffin-embedded (FFPE)
tissue samples of FL as positive controls and 5 bone marrow samples
of childs that were referred to hospital of shiraz medical university

Table 1: Healthy individuals information.

Variables Live persons Deceased persons
Gender
Female 53 12
Male 57 24
Mean of age + SD 91/10 +53/59 8712 +86/52
Range of age 40-89 40-85
“Chi-square test.
Table 2: Primer sequences of actin gene.

Gene Sequence (5'—3') Product size(bp)

Actin F: CATCTCTTGCTCGAAGTCCA 318

R: ATCATGTTTGAGACCTTCAA
Table 3: The primer sequences used in the nested PCR.
Sequence (5'>3') Product size(bp)
outer | PALAGTTATGGCCTATACACTATTTGT :
Primers b4 ACCTGAGGAGACGGTGACCAGGGT
pmgs PA2TTGTGAGCAAAGGTGATCGT *
P3:CAGGGTCCCTTGGCCCCAG

“There are different junction fragment sizes [6].

because of other problems not blood disorders as negative controls,
have been used. FFPE tissue samples was obtained from archive of
pathology ward of shiraz medical university. Blood samples were kept
at 4°C until DNA extraction. Autopsy specimens were fixed with 10%
formalin and embedded in paraffin blocks.

DNA extraction,
immunohistochemistry

nested PCR assay and

Genomic DNA was extracted from blood and FFPE samples
using the Blood/Cultured cell Genomic DNA Extraction Mini Kit
(YTA, cat#YT9040) and Parrafin-fixed Tissue DNA Extraction micro
Kit (YTA, cat#YT9035) respectively, according to the supplier’s
protocols. Then, The basic PCR amplification was set as follows: 1
cycle at 94°C for 5 min; 30 cycles at 94°C for 30 s, 55°C for 30 s and
72°C for 40 s; and finally 1 cycle at 72°C for 10 min for extension, to
confirm all DNA samples using the actin gene as internal control. The
primer sequenses of actin gene are shown in Table 2.

Next, the nested PCR assay was done to investigation of bcl2/
IgH junction. The first PCR reaction of nested PCR contained 2 pL
of DNA in a final volume of 25 pL including 12.5 ul of Master mix
enzyme (AMPLIQUN,Denmark), 9.5 pl of RNase free double distilled
water and 0.5 pl each of outer primer (10 pmol/L).

Then, 0.4 pl of this first 30-cycle PCR product was amplified
in a final volume of 25 pL including 12.5 pl of Master mix enzyme
(AMPLIQUN,Denmark), 11.1 ul of RNase free double distilled water
and 0.5 ul each of inner primer (10 pmol/L) for the second PCR
reaction of nested PCR. PCR conditions were as follows: 1 cycle at
94°C for 5 min for denaturation, 30 cycles at 94°C for 30 sec and 55°C
for 30 sec, and finally 1 cycle at 72°C for 10 min for extension. Primers
PA1/PA2 is homologous to the 5" sequence of the MBR and P3/P4 are
homologous to the consensus sequence of J1 through J6. The outer
and inner primer sequences are summarized in Table 3. The PCR
products were analyzed by electrophoresis on a 1.5% agarose gel and
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Figure 4: Pax5 staining for the diagnosis of FL with magnification X200.

Figure 6: Bcl-2 staining for the diagnosis of FL.

Figure 5: Ki-67 staining for the diagnosis of FL.

by ethidium bromide staining.

Aswellas, the normal FFPE tissue samples (translocation-positive)
were stained immunohistochemically. The primary antibodies used
for this study were bcl2, pax5 and ki-67. Therefore, prepared slides
of FFPE sections were incubated with primary antibody overnight
(18 hours) in a humid chamber followed by secondary antibody
incubation for 30 minutes. Finally, DAB chromagen was added.
Brown/Red color on slides means the relevant antigen.

Statistical analysis

SPSSversion 22 (SSPS, Inc.) was used for all statistical analysis. The
categorical data were tested using Pearson’s x* test. The significance
level was set at P <0.05.

Results

Among the 110 healthy individuals whose blood samples were
analyzed, 57 were men and 53 were women, and mean of their age
was 91/10+53/59 years (range, 40-89 years). Among the 36 deceased
whose tissue samples were analyzed, 24 were men and 12 were
women, and mean of their age was 8712 +86/52 years (range, 40-85
years).

Investigation of
individuals

t(14;18)-translocation in healthy

The frequency of t(14;18)-translocation in healthy individuals
are shown in Table 4. Among the 110 samples of peripheral blood,
only one sample showed the t(14;18)-translocation and two samples
of 36 FFPE tissue samples were translocation-positive. The results of
t(14;18)- translocation analysis on agarose gel are shown in Figurel.
Based on previous studies, specific band of the t(14;18)- translocation
is between 200 to 1 kb. The reason of difference in length of this band,
is at igH locus that has 6 subexons. Therefore, it is possible each of the
6 segments be exist in the t(14;18)- translocation[18]. In this study,
the length of observed band was between 400 to 450 bp. It is clear
in Figure 1 that samples 5,10,11,13 and 14 are translocation-positive.

The samples 1-4,6-9 and 15 are negative translocation and sample 16
is negative control. Also, the results of PCR analysis of actin gene to
confirm the presence of DNA in the extracted samples, on agarose gel
are shown in Figure2.

Investigation of risk factors associated with t(14;18)-
translocation

According to information obtained from the participants in the
study, The relationship were investigated between risk factors and
t(14;18)-translocation. Based on studies, the risk factors are including
age, tobacco and etc. The study found no significant association
between t(14;18)-translocation and smoking. Also, this translocation
did not show a significant correlation with age. The results of this
analysis are summarized in Table 5.

Investigation the diagnosis of FL by IHC in normal FFPE
tissue samples (translocation-positive)

As mentioned earlier (Table 4), two samples of normal FFPE
tissues were translocation-positive. Because one of the exclusion
criteria of this study was existence of various diseases specially FL,
the samples were analyzed using THC test. Investigation of samples
using IHC different Indicators for FL, were shown in figures 3-6.
In Figure 3 and 4, the tissues for the pax5 staining were analyzed
with magnification x40 and x200 respectively. It is notable the pax5
staining causes B cell staining. This staining uses for foundation of B
cells location in the lymphatic follicles.

In Figure 4, the larger microscopic view of lymph follicles has
been shown that the core of B cells is brown. By this method, B
lymphoid follicles and their germinal centers was determined.

In Figure 5, the proliferation cells has been shown in the
germinal center of one of the lymph follicles. It should be noted
that the proliferation cells are brown. As is known, the Power of cell

Table 4: The frequency of t(14;18)-translocation in healthy individuals.
Translocation-positive | Translocation-negative

Samples N(%) N(%)
Peripheral blood(N=110) 1(0.91) 109(99.09)
FFPE tissues(N=36) 2(5.55) 34(94.5)

Total 3(2.05) 143(97.95)

Table 5: The relationship between t(14;18)-translocation and tobacco in blood
donors.

Translocation- Translocation- P_value
positive N(%) negative N(%)
People who use tobacco 0 19(100)
Peop 0.999
People who don't use .
tobacco N=91 1(1.1) 90(98.9)
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proliferation is high and it is in the interest of follicle hyperplasia. It
can not be seen in follicular lymphoma (magnification of x200).

In Figure 6, one of the lymph follicles have been shown that its cells
colored for the expression of Bcl-2. The germinal center cells do not
Bcl-2 expression, while the margin cells are Bcl-2-positive. It is against
follicular lymphoma. It should be noted that center cells should be
color for Bcl-2 in follicular lymphoma (Figure magnification x200).

Discussion

Chromosomal translocations involving an oncogene and one of
the Ig genes are characteristically found in human B cell lymphomas.
Deregulation of the involved oncogene is supposed to be an essential
mechanism in the genesis of these tumors. However, similar to solid
cancer, malignant lymphomas are likely caused by the occurrence
of a series of various oncogenic events. Theoretically, this multistep
mechanism might permit us to find Bcells that have accumulated
only one or a few but not all hits necessary to establish the malignant
phenotype [1]. In the present study, we show that such cells with
translocation t(14;18) can be identified in normal individuals. In this
study, for the first time the prevalence of t(14;18)-translocation is
measured in iran by investigation of lymphatic tissue and the blood.
In the current study, the frequency of the t(14;18)- displacement in
blood samples and lymph tissues of healthy individuals were 0.91%
and 5.5% respectively. Although this study did not show relationship
between age and t(14;18), but various studies have noted that the low
age can contribute in increasing of the translocation [18]. probably,
one of the reasons of this view is the stronger immune system of
young people than the elderly. The recombination activating gene
(RAG) complex as a nuclease plays an important role in t(14;18)-
translocation, and the stronger the immune system can increase the
performance of these complex [19-21]. Carsten Hirt, and et al. used
epidemiological data and blood samples of the population-based
Study of Health in Pomerania (SHIP) to analyze associations of FL
risk factors and t(14;18)-positive cells in healthy individuals. Their
analyses of t(14;18)-frequency showed a positive association with age
but not with sex or smoking [22].The present study also examined
the effect of smoking on the incidence of t(14;18)-translocation
that significant results was not achieved. It should be noted that the
incidence of the t(14;18)-translocation in the western countries is
very high. The frequency of this displacement in the western countries
has been observed from 50 to 80% [5,23]. For example, in Germany
the t(14;18)-translocation can be seen in 52% of normal individuals.
Although in another study, which was also conducted in Germany,
the t(14;18)- translocation frequency was 46% in healthy individuals
[5]. The prevalence of this translocation was mentioned 34% in India
[18]. Fuscoe JC, and et al. reported the Prevalence of this displacement
88% (30 of 34) in America [24]. It seems that in communities where
the prevalence of follicular lymphoma is high, the prevalence of
first hit-t(14;18)-translocation- is also high but in societies like ours
the first hit is probably uncommon. Limpens ] demonstrated the
presence of bcl-2/JH rearrangements in lymph nodes and tonsils with
follicular hyperplasia in 13 of 24 cases (54%) [25]. However, in the
Asian countries the frequency of this translocation is shown lower (in
Japan about 14%) [26]. The present study showed that the frequency
of t(14:18)-translocation in the iranian population is much less than
the elsewhere in the world. As shown in the results, The frequency of

t(14;18)-translocation in the blood and lymphoid tissues is 0.1% and
5.5% respectively. One of the reasons for low frequency of t(14;18)-
translocation in iranian healthy individuals is low frequency of FL in
this country. Another reason can be the role of secondary factorsin
formation of FL. Besides, more frequency of t(14;18)-translocation
in lymphoid tissues than blood samples is high frequency of Bcells
in lymphoid tissues. As previously mentioned, chromosomal
translocations can be used as a marker for hematologic malignancies
and, most importantly, leukemia and lymphoma. However the
t(14;18)-translocation alone is not sufficient to transform a normal B
cell into a malignant lymphoma cell. But such translocation can lead
to more cell survival that this advantage occurs with over expression
of anti-apoptotic Bcl-2 gene. Then, thereby creating of next hits, the
cell may lead to cancerous cell [22]. Therefore, healthy individuals
with t(14;18)-translocation can serve as an excellent model to explain
lymphomagenesis mechanism.
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