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Expression of BART-5, BART-16 and BART-22, and NF-kB factor
in classic Hodgkin’s lymphoma in pediatric patients
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ABSTRACT

Background. Classic Hodgkin's lymphoma (CHL) is a neoplasm
in which the presence of, or infection by, the Epstein-Barr virus
(EBV) is associated with disease development. Two aspects of
this condition are currently unknown: first, whether molecular reg-
ulators such as the microRNAs of EBV are expressed and second,
if there is an association with inflammation-promoting, neoplastic
factors in pediatric CHL. The aim of the present study was to use
RT-PCR to analyze the expression of the specific microRNAs of
EBV called BARTSs, specifically BARTs-5, -16 and -22 and that of
factor NF-kB, also using RT-PCR.

Methods. A total of 24 cases were selected after meeting the in-
clusion criteria, which involved different varieties of CHL includ-
ing the nodular sclerosis (NS) and mixed cellularity (MC) types.
These resulted in being the most common ones, each with a
frequency of 41.6%.

Results. BART-5 was the one most frequently expressed in CHL,
at 83.3%. BART-22 was the second most frequent, at 33.3%, com-
pared to 0% in controls (reactive lymph nodes, RLN). In all cases,
the differences compared to RLN were significant (p <0.05). Ex-
pression of NF-kB was found in 62.5% of CHL cases and was
present in 83.3% of RLN (p <0.05). The MC type expressed it in
90% of cases, compared to only 20% for the NS variety (p <0.05).
Conclusions. BART-5 was the one most frequently expressed in
CHL cases. NF-kB factor is an important indicator of inflammation
most often expressed in RLN.

Key words: Epstein-Barr virus, Hodgkin’s lymphoma,
microRNAs, BARTs, NF-«B.

RESUMEN

Introduccion. El linfoma de Hodgkin clasico es una neoplasia cuyo
desarrollo se asocia con la presencia del virus del Epstein-Barr.
No se conoce qué reguladores moleculares (como microRNAs del
virus del Epstein-Barr) se expresan. Tampoco la asociacion con
factores proinflamatorios neoplésicos. El objetivo de este trabajo
fue analizar la expresion de los microRNAs especificos del virus del
Epstein-Barr, conocidos como BARTs (BART-5, BART-16 y BART-
22), asi como la expresion del factor NF-xB en pacientes pediatri-
cos con linfoma de Hodgkin clasico.

Métodos. Se seleccionaron 24 casos que cumplieron los criterios
de inclusion. Entre las diferentes variedades, la esclerosis nodular
y el de celularidad mixta fueron las més frecuentes.

Resultados. Los resultados mostraron que la expresion del BART-
5 fue la mas frecuente (83%) en el linfoma de Hodgkin clasico. La
expresion de BART-22 fue la segunda mas frecuente, de 33.3%
respecto a los testigos. En todos estos casos las diferencias fueron
significativas respecto a los ganglios linfaticos reactivos (p <0.05).
La expresion de NF-xB se encontr6 en 62.5% de los casos de lin-
foma de Hodgkin clasico, y se present6 en 83.3% de los ganglios
linfaticos reactivos (p <0.05). La variedad de celularidad mixta lo
expres6 en 90% de los casos, lo que contrasté con 20% que pre-
sento la variedad esclerosis nodular (p <0.05).

Conclusiones. Se puede concluir que la expresion del BART-5 fue
la mas frecuente en los casos de linfoma de Hodgkin clasico. Tam-
bién, que el factor NF-kB es un indicador importante de inflama-
cion, y presenté mayor expresion en los ganglios linfaticos activos.

Palabras clave: virus Epstein-Barr, linfoma Hodgkin clasico,
microRNAs, BARTs, NF-«B.
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INTRODUCTION

Classic Hodgkin’s lymphoma (CHL) is a monoclonal lym-
phoid neoplasm composed of mononuclear Hodgkin and
multinucleated Reed-Sternberg cells found in a context
of mixed inflammatory that includes lymphocytes, eo-
sinophils, plasma cells, neutrophils, histiocytes and fibro-
blasts.! Lymphomas are the third most common malignant
neoplasm in children after leukemias and tumors of the cen-
tral nervous system.? In nonindustrialized countries such as
Mexico, this condition is less common in the general popu-
lation, but more frequent in children.? Data obtained from
the Department of Biostatistics at the Hospital Infantil de
Meéxico Federico Gomez (HIMFG) for the year 2009 show
that HL had a morbidity rate of 35.7/1000 consultations,
establishing it as the third most common malignant neo-
plasm in that year, with an index of 118 cases/1000 treated
patients.* One important property of this condition is the
capacity of the B cells to evade apoptosis and thus sur-
vive and continue to proliferate. Several mechanisms that
contribute to the survival of HL cells have been described,
including the presence of, or infection by, the Epstein-Barr
virus (EBV) and the role of the NF-«B protein. EBV is a
herpes virus that infects almost 90% of the human popula-
tion, primarily during infancy, but that persists throughout
life. Although usually a benign infection, clinical cases
do occur in the form of infectious mononucleosis, but
this illness normally does not progress towards develop-
ment of lymphoma. Moreover, some EBV carriers never
manifest any clinical symptoms of the infection; although
with time they may develop CHL. Cases of CHL associ-
ated with EBV infection occur in patients who never mani-
fested clinical signs of the viral infection or demonstrated
deficiencies in their antiviral immune activity. These facts
clearly reveal the existence of different mechanisms of
pathogenesis on the part of EBV that operate during clini-
cal infection to induce the development of CHL and other
neoplasms.’ EBV infections are also found in association
with another type of neoplasm: Burkitt lymphoma. When
this virus infects epithelial cells it predisposes them to the
development of nasopharyngeal carcinoma and some types
of gastric cancer.® The first studies conducted with the aim
of pinpointing the mechanisms of EBV infection revealed
important differences in terms of how it infects an epithe-
lial cell in vivo, a cell from the immune system like a B
cell, and cultured cells in vitro.”

Stage I of EBV infection is the one associated with the
development of Burkitt lymphoma. It is characterized by
expression of the protein related to LMP2A latency and
the nuclear antigen 1 EBNAI, which is responsible for
the viral replication of EBV. Some lytic events may occur
during latency stage 1.8

Stage 11 of EBV infection occurs during development
of nasopharyngeal carcinoma when only some of the pro-
teins that form part of the nuclear antigen-such as EBNA1
and LMP1 and LMP2A-are expressed. It has been sug-
gested that this is how these viral proteins succeed in al-
tering the signaling routes and mechanisms that lead to
tumor development. Two non-codifying RNAs called EB-
ERs (EBV-encoded RNAs) are transcribed and, once that
is done, move towards terminal region 3’, which contains
a Bam H1 A fragment called a BART (i.e., BamH1 A right-
ward transcripts) that can be detected by Northern-blot.”!!
BARTS are small, multi-edited RNAm (microRNAs) that
were first reported in cases of nasopharyngeal carcinoma
and later in individuals infected by EBV.!?

In stage III, which is characterized by lymphoblas-
toid cells or lymphoproliferative disease, the 12 genes of
latency are expressed, including the six nuclear proteins:
EBNA-1 to -6; three membrane proteins (LMP-1, LMP-
2A and LMP-2B); the BARTs; and EBER-1 and -2.%13
However, these transcribed BARTs in lymphoblastoid
cell lines are expressed at low levels that can only be
detected by RT-PCR.'*!> The microRNAs of EBV are
codified in three “clusters”, plus a unique sequence
known as BART-2. Of these three “clusters”, two are
in the BART region. “Cluster” 1 contains BARTs-1, -3,
-4, -5, -6, 15, -16, and -17, whereas “cluster” 2 holds
BARTs-7, -8, -9, -10, -11, -12, -13, -14, -18, -19, -20 and
-22. “Cluster” 3 is located in the region called BAHRF1
(abbreviation of BamHI fragment H rightward open
reading frame 1). It contains the microRNAs labeled
BHRF1-1, BHRFI1-2 and BHRF1-3. Both the BARTs
and the cellular microRNAs are short sequences of a
mature chain with 18-22 nucleotides that bond to their
“seed” sequence at the non-translated 3" end of more
than one target RNAm, where they negatively regulate
expression of the corresponding protein.'°

The NF-kB transcription factor participates actively in
the inflammatory response and is expressed constitutively
in virtually all types of cancer.!” This family of factors
has five members: RelA/p65, c-Rel, RelB, NF-kB1 (p50)
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and NF-kB2 (p52).'® Regulation of the NF-«B route is ef-
fectuated through an association with its inhibitor, I-kB, to
NF-kB1 (p50) and RelA (p65), a trimer that normally ex-
ists in the cytoplasm. In response to diverse stimuli, [-xB
undergoes tri-phosphorylation, a signal that indicates that
it is to be broken down through the proteasome route to
release the pS0-p65 dimer, which was previously phos-
phorylated and translocated to the cell nucleus in order
to activate the corresponding genes.!® The activated di-
mer may also cooperate with other transcription factors
such as AP1, HIF-1a and STAT3.2° Mutations, primarily
in p65, are more frequent in lymphoid neoplasms, and
amplifications of p65 have even been described, mainly
in B-cell lymphomas and, although less often, in T-cell
lymphomas.?! Mutations or the deletion of I-«B have been
described for cases of CHL where they propitiate the un-
regulated activity of the active dimer of p50-p65 that, in
turn, activates transcription of the genes that participate
in proliferation and anti-apoptosis. In most cases, muta-
tions occur in NF-kB.?? The expression and high activity
of NF-kB are characteristic of the chronic inflammation
seen in certain types of cancers including CHL. It is for
this reason that administering substances that help control
inflammation produces a beneficial effect in most cases.?
The tumor-promoting effect of NF-kB consists of produc-
ing tumor-promoting cytokines through the interaction of
NF-«xB with factors such as STAT3 and AP1, which then
activate the genes that participate in proliferation, surviv-
al, angiogenesis and metastasis.’*

This study analyzed the expression of BARTs-5, -16
and -22 as well as the gene NF-kB1, in cases of CHL in
Mexican children treated at the HIMFG.

SUBJECTS AND METHODS

Characteristics of the cases

Cases of CHL were located in the records of surgical sam-
ples in the Pathology Department of the HIMFG from the
period 2000-2008. For those years, a total of 89 cases of
classic LH were found, but only 24 of these met the inclu-
sion criteria and so were analyzed experimentally. They
were classified histologically as follows: ten cases of the
nodular sclerosis variety (CHLNS), ten with mixed cel-
lularity (CHLMC), three with lymphodepletion (CHLLD)
and one rich in lymphocytes (CHLRL). All H & E-stained
slides from the selected cases were examined, and a rep-

resentative sample was selected that had a fragment of vi-
able tissue ~4 cm in diameter. The fragments were re-set
in paraffin to order to obtain the sections to be used in
the molecular studies. As tissue controls, the study used
12 biopsies from patients who had been diagnosed with
reactive lymph nodes (RLN) but had no tumorous lesions.

Immunohistochemical staining

for expression of the LMP1 protein

As part of the verification of the presence of EBV in-
fection, immunostaining of the late membrane-1 anti-
gen LMP-1 was performed using a primary anti-LMP1
(DAKO) antibody and revealed/developed using the
universal system. The antigen was recovered by per-
oxidase reaction.

RNAm Extraction and Amplification

of the BARTs and NF-xB

Two 10-pum sections in microtubes were obtained from the
paraffin blocks with the re-set tumor samples from both
LH cases and RLN. The paraffin was removed as follows:
I ml of xylene was added and the mixture was shaken
vigorously and then incubated for 5 min at 50°C before
being centrifuged for 5 min at 10,000 rpm. This step was
repeated with the same volume of xylene and then with
absolute ethanol. Finally, the paraffin-free tissues were
left to dry for 4 min at 40°C.

Next, the samples were digested in 100 ul of nucle-
ase-free water with the addition of 4 pl of proteinase-K
concentrate. They were incubated first for 15 min at 50°C
and then for an additional 15 min at 80°C. Afterwards,
they were frozen at -20°C for the later extraction of total
RNAm. Total RNAm was obtained using the AMBION
“Recoverall Total Nucleic Acid Isolation” kit following
the manufacturer’s instructions. Finally, the total RNAms
were eluted in 20 pl of nuclease-free water. Synthesis of
c¢DNA was performed using 100 ng of total RNAm in a
final volume of 7.5 pl by means of the Fermentas “First
Strand ¢cDNA Synthesis” kit, with specific initiators for
the BARTs and universal U6 microRNA as a control.
To evaluate the expression of the BARTs, the loop-stem
technique was used. The sequences of the initiators of the
BARTsS, U6, NF-kB, and GAPDH are shown in Table 1.

The next procedure involved sequence amplification
by PCR using 1.5 pl of specific cDNA in a final volume of
50 pl under the following conditions: initial denaturation
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Table 1. Names, sequences and size of the initiators

Name Sequence Size (bp)
BART-5RT 5-GTC GTATCC AGT GCA GGG TCC GAG GTATTC GCA CTG GAT ACG ACC GAT GG-3’ 50
BART-16RT 5-GTC GTATCC AGT GCA GGG TCC GAG GTATTC GCA CTG GAT ACG ACA GAG CA-3° 50
BART-22RT 5-GTC GTATCC AGT GCA GGG TCC GAG GTATTC GCA CTG GAT ACG ACA CTACT-3 50
U6RT 5-GTC GTATCC AGT GCA GGG TCC GAG GTATTC GCA CTG GAT ACG ACAAAATA-3 50
BART-5F 5-GCC AAG GTG AAT ATA GCT GC-3’ 20
BART-16F 5-GCT TAG ATA GAG TGG GTG TG-3" 20
BART-22F 5-GGC CTTACAAAG TCATGG TC-3 20
U6-F 5-GCG CGT CGT GAAGCG TT-3 17
U6-R 5-CAG TGC AGG GTC CGA GGT-3 18
NF-xB-F 5-CAACTATGT GGG ACC AGC AA-3 20
NF-kB-R 5-GCA GAT CCCATC CTCACAG-3 19
GAPDH-F 5-GTT GCAATATGATTC CAC CCA-3 21
GAPDH-R 5-CGC TCC TGG AAG ATG GTG A-3 19

bp, base pairs.

Table 2. Size of the amplified products of the BARTs
and fragments of the genes of NK-kB and GAPDH

Amplified product Size (bp)
BART-5 66
BART-16 66
BART-22 66
u6 64
NF-xB 110
GAPDH 102

bp, base pairs.

at 92°C for 5 min, then 30 cycles that consisted of denatur-
ation at 92°C for 30 sec, alignment at 58°C for 30 sec, and
elongation at 72°C for 30 sec. A final prolonged elonga-
tion at 72°C for 3 min ensued, with exit at 20°C. The size
of the amplified products is shown in Table 2.

To reveal the amplification products, electrophoretic
separations were conducted in polyacrylamide gels at
12%. Ten pl of the product from each amplification were
charged by applying 90 V for 90 min. The amplification
bands were revealed by staining with silver. The digital
images thus obtained allowed us to consider the cases as
positive for the presence of 66-base pair (bp) bands for
mBARTs-5, -16 and -22, 64 bp for U6, 110 bp for NF-kB,
and 102 bp for GAPDH.

Statistical Analysis
Because the expression of the BARTs and NF-kB was
evaluated only as presence VS. absence, contingency

Figure 1. Immunodetection of LMP1 in a case of Hodgkin's lym-
phoma showing a Reed-Sternberg positive cell in membrane and
Golgi (arrows). Brightfield microscopy (X200).

tables were elaborated for each BART and NF-kB. Dif-
ferences in the expression of each one were evaluated
using Fisher’s test; p <0.05 was considered statistically
significant.

RESULTS

Of the 89 total cases of CHL diagnosed in lymph nodes,
the most frequent histological variety was CHLNS with
54 recorded cases (60%) followed by CHLMC, with 31
cases (35%), CHLLD with three cases (3.4%), and just
one case of CHLRL (1.1%).

Of these cases, 65 (73%) were males and 24 (27%)
were females. After the initial assessment, the 24 cases
that met the inclusion criteria were selected for the study.
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Thus, the final study group was comprised of 18 cases
(75%) of males and six (25%) of females, with an age
range of 4-15 years and an average of 9 years (Table
3). Immunodetection of LMP1 was performed in all 24
cases of HL (Figure 1). Results show that 22/24 (91.6%)
cases were positive for this marker that indicates EBV
infection (Table 3).

Later, RT-PCR was conducted for BARTSs-5, -16 and
-22 in all 24 cases. Results revealed the presence of all
three BARTs. BART-5 was the most frequent and was
found in 20/24 cases (83.3%) (Table 4, Figures 2A and
2B). The frequency comparison of BART-5 between
cases of HL and controls resulted in being significant
(p <0.05) as was also the case for the other two BARTSs.
The expression of BART-5 proved that 83.3% of cases
were positive for EBV infection (Table 4) in contrast to
the 91.6% positivity found for the presence of LMP1

Figure 2. RT-PCR of BART-5,
BART-16 and BART-22 in cases
of classic Hodgkin's lymphoma:
(A) nodular sclerosis, (B) mixed
cellularity and (C) lymphodeple-
tion variety. Expression of U6sn
in each case is represented (D-F,
respectively). Left side illustrates
molecular weight (MW) in base
pairs (bp) (arrows). Acrylamide gel
electrophoresis and silver staining.

mir-BART-5

mir-BART-16

mir-BART-22 rigure 3. RT-PCR of BART-5,

BART-16 and BART-22 in three
control cases. Expression of
U6sn in each case is represent-
ed (lower panel). Left side illus-

ue trates molecular weight (MW) in
base pairs (bp) (arrows). Acryl-
amide gel electrophoresis and
silver staining.

200 bp

100 bp
200 bp

100 bp

200 bp

100 bp
200 bp

Libiobiy,

100 bp

Figure 4. RT-PCR of NF-kB in nine cases of classic Hodgkin's
lymphoma: (A) nodular sclerosis variety and (B) control cases of
reactive lymph nodes. Expression of glyceraldehyde phosphate
dehydrogenase (GAPDH) as control gene is illustrated in the
lower panel in each case. Left side illustrates molecular weight
(MW) in base pairs (bp) (arrows). Acrylamide gel electrophoresis
and silver staining.
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Table 3. Distribution of cases and percentages according to gender and
immunohistochemical positivity for the LMP1 protein

Table 5. Presence of BART-5, BART-16 and BART-22

in the different varieties of CHL and in RLN

Males Females LMP1 *BART-5
n cases (%) ncases (%)  ncases (%) - — -
Variety Positive (%) Negative (%)
CHL, n=24 18 (75) 6 (25) 22 (91.6) CHLNS, n=10 9 (90) 1(10)
CHLNS,n=10 8 (80) 2 (20) 10 (100) CHLMC,n=10 9 (90) 1(10)
CHLMC, n=10 6 (60) 4 (40) 9 (90) RLN, n=12 0(0) 12 (100)
CHLRL,n=3 2 (66.6) 1(33.4) 2 (66.6)
CHL, classic Hodgkin’s lymphoma; CHLNS, classic Hodgkin’s lymphoma nodular Tissue Positive (%) Negative (%)
sclerosis; CHLMC, classic Hodgkin's lymphoma mixed cellularity; CHLRL, classic -
Hodgkin’s lymphoma rich in lymphocytes; CHLLD, classic Hodgkin's lymphoma CHLNS, n =10 2(20) 8(80)
lymphodepletion. CHLMC, n=10 1(10) 9(90)
RLN, n=12 5 (41.6) 7(58.4)
Table 4. Presence of BART-5, BART-16 and BART-22 *BART-22
in tissues with CHL and RLN
Tissue Positive (%) Negative (%)
*BART-5 CHLNS,n=10 3(30) 7(70)
CHLMC,n=10 4 (40) 6 (60)
Tissue Positive (%) Negative (%) RLN, n =12 0(0) 12 (100)
CHL,n=24 20 (83) 4(16.7)
RLN, n=12 0(0) 12 (100) *p <0.05 for the two varieties of Hodgkin's lymphoma (HL) with respect to reactive
lymph nodes (RLN).
“BART-16 CHLNS, classic Hodgkin's lymphoma; CHLMC, classic Hodgkin's lymphoma mixed
cellularity.
Tissue Positive (%) Negative (%)
CHL, n f 24 3(12.5) 21 (87.5) Table 6. Expression of the RNAm of the NF-xB gene in the lymphoma
RLN,n=12 5(41.6) 7(584) group and the CHLNS and CHLMC varieties and in RLN
*BART-22 NF-xB
Tissue Positive (%) Negative (%) Tissue Positive (%) Negative (%)
CHL,n=24 8(33.3) 16 (66.7) CHL, n=24 15 (62.5) 9(37.5)
RLN, n =12 0(0) 12 (100) RLN, n=12 10 (83.3) 2(16.7)
*NF-xB
*p <0.05
RLN, reactive lymph nodes; CHL, classic Hodgkin's lymphoma. Tissue Positive (%) Negative (%)
CHLNS, n=10 2(20) 8 (80)
RLN, n =12 10 (83.3) 2(16.7)
(Figure 2). These differences were significant (p <0.05). NF-«xB
BART-16 was the second most frequent one found in Tissue Positive (%) Negative (%)
CHL cases, with 50% positive tests. It should be noted CHLMC,n=10 9 (90) 1(10)
that BART-16 was present in more controls than cases RLN, n =12 10 (83.3) 2(16.7)
(Table 4). These differences were also significant. On p <0.05.

the basis of these results, it can be concluded that be-
cause BART-5 is the expression found most frequently
in CHL cases, it is the best indicator of EBV infection
in such cases.

The next analysis was to detect the expression of
each BART according to the variety of LH. This proce-
dure involved only the nodular sclerosis (CHLNS) and
mixed cellularity (CHLMC) types because there were

RLN, reactive lymph nodes; CHLNS, classic Hodgkin's lymphoma nodular sclerosis;
CHLMC, classic Hodgkin’s lymphoma mixed cellularity.

ten cases of each, which allows the results to be com-
pared to the 12 controls (Table 5). As Figures 2A and
2B show, these two types of LH were 90% positive for
BART-5, a finding that contrasts with the nil result in
controls (Figure 3). Differences were significant. The
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lymphodepletion variety of LH did not express BARTSs
(Figure 2C). Another notable finding is that three and
four cases of CHLNS and CHLMC, respectively, were
positive for BART-22, although no control cases were.
These differences were also significant. On the basis
of these results, it can be concluded that expression of
BART-5 is characteristic of LH and is, at least, the one
most frequently found in the nodular sclerosis and mixed
cellularity histological varieties.

Finally, expression of the RNAm of factor NF-kB1
was analyzed separately from the BARTSs. It participates
in the onset/progression of CHL and is associated with
inflammatory responses. Table 6 shows that the fre-
quency of expression of NF-kB was higher in controls
(83.3%) than in CHL cases (62.5%). This can be seen in
Figure 4B, which compares the expression of this fac-
tor in controls with the nine cases of CHLNS in Figure
4A. Later, an analysis of the expression of NF-kB in the
nodular sclerosis and mixed cellularity varieties was car-
ried out. As can be seen, for the CHLNS variety only two
cases (20%) were positive in contrast to the nine positive
cases of CHLMC (90%). Compared to controls, these
differences were significant (Table 6). On the basis of
these results, it can be concluded that the association of
factor NF-kB with important inflammatory responses ex-
plains why its expression was the one most often found
in controls and the CHLMC variety.

DISCUSSION

The objective of this study was to analyze the expres-
sion of BARTSs-5, -16 and -22 and the expression of the
NF-kB1 gene in samples of CHL from Mexican chil-
dren treated at our Institute. The decision was made to
analyze these specific BARTs because they form part of
two of the most widely studied “clusters” and because
the RNAm of the target cell genes has been validated.?
A second reason for this selection was that there are
no reports of analyses of these factors in cases of pe-
diatric CHL. Two BARTs from the first “cluster” were
analyzed: BARTs-5 and -16. From the second “cluster”,
the study selected the expression of BART-22. It should
also be noted that these BARTSs have been reported as
genes expressed exclusively in nasopharyngeal carci-
nomas that are EBV-positive,?® and our results demon-
strate their expression in CHL cells infected with that

virus. Thus, our findings support the idea that there is
no specific pattern of cellular expression, at least in the
BARTS, from these two “clusters”. Moreover, our re-
sults demonstrate that expression of BARTSs is associ-
ated with viral latency.?¢

Each one of these BARTS carries out negative regula-
tion of some RNAm as mentioned above. These targets
may be viral or cellular.?® Thus, for example, observa-
tion of the high expression of miR-BART-5 in the CHL
cases studied implies that they are losing expression of
the PUMA protein (p53 up-regulated modulator of apop-
tosis) required for the onset of apoptosis, which depends
on the activity of the p53 protein. The RNAm of the
PUMA protein has previously been validated as the tar-
get of BART-5.23 EBV infection is an event that damages
DNA, but in order for it to achieve integration it is im-
portant that the PUMA protein be inhibited by the action
of BART-5.?7 In this study, 83.3% of the cases examined
expressed this, so it is possible that inhibiting responses
to DNA damage through negative regulation explains
why BART-5 is expressed in more cases. On the other
hand, some authors mention that another convenient
condition is the overexpression of the LMPI1 protein
because this induces inhibition of the growth and sen-
sitization to apoptosis due to stress or chemotherapy.?’
Data concerning the action of LMP1 seem contradictory
when we discover that BART-5 induces the breakdown
of the PUMA protein and affects cell death; however,
there are several routes of apoptosis induction—some in-
trinsic, others extrinsic—so it is important to determine
which of these routes is activated preferentially in such
cases. The expression of BART-5 in such a large number
of cases suggests that it is an important target from the
therapeutic perspective: i.e., for developing and apply-
ing an antagomiR-BART-5 that would induce the break-
down and expression of the PUMA protein. This sugges-
tion obliges us to follow-up on these BART-5-positive
patients and to compare them in terms of treatment re-
sponse to those who test negative as well as to compare
the survival curves of the two groups after considering a
larger number of cases. The results of the present study
demonstrate that BART-5 expression is also present in B-
cell tumors such as pediatric CHL. This finding is similar
to that reported by Edwards et al. who demonstrated the
expression of these and other BARTSs in lymphoid tumor
cells and cases of gastric cancer.?’
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With respect to the expression of BART-16, which
belongs to the same “cluster” as BART-5, we found that
it was expressed in both samples: i.e., CHL and RLN
cases, although at a high percentage only in the lat-
ter: 12.5% vs. 41.6%, respectively. What is important
in these cases is that it has been proven that the target
of this BART-16 is the RNAm of the LMP1 protein of
EBYV, i.e., it induces breakdown of the latter. What we
have described is that LMP1 has oncogenic properties
and produces signaling because it activates the TNF
receptor. In 91.6% of cases, results were positive for
LMP1 immunostaining. Of the cases that were positive
for BART-16, none corresponded to those that were
negative for LMP1. In all likelihood, this suggests that
other mechanisms that regulate the expression of LMP1
may be operating in CHL tumor cells, ones distinct
from those described for nasopharyngeal carcinoma.?®
In these CHL cases, the presentation of antigens includ-
ing LMP1 may be taking place, similar to findings re-
ported for cells in nasopharyngeal carcinoma,® although
this has not yet been proven. With respect to the RLN
group that expressed BART-16, the loss of LMP1 ex-
pression must be demonstrated because it may offer an
advantage in terms of evading the immune system and,
possibly, for tumor development through other routes.
Worse yet, they may express LMP1, thus ensuring that
cell transformation will take place along other routes.

In relation to the expression of BART-22, 33.3% of
CHL cases were positive, but none of the RLN cases. The
biological implication of this finding is that it validates the
LMP2A protein as the target of BART-22. Because this
protein is strongly immunogenic, this result suggests that
in cases that are positive for BART-22 the tumor cells can
evade the immune response and thus foster the process
of tumor development and/or affect patients’ response
to treatment. Other functions of LMP2A include inhibit-
ing the activity of the retrotranscriptase of telomerase by
shortening the telomeres of the cell chromosomes, thus
assuring their immortalization and transformation.® It is
not yet known whether these positive cases for BART-22
will manifest a poor response or show a more aggressive
behavior. What is important is that this occurred in five
of the eight cases of the CHL varieties with the poorest
prognoses; i.e., MC (mixed cellularity), LD (lymphode-
pletion), and RL (rich in lymphocytes). This finding must
be assessed by follow-up on these patients, increasing the

number of cases, and comparing the survival curves of
positive and negative cases, respectively, for BART-22 to
LMP2A in these histological varieties because these fac-
tors may be related to prognosis.

In addition, infection with any kind of virus, including
EBY, conditions the expression of a pattern of specific cel-
lular microRNAs in which, in most cases, oncogenic ac-
tivity is recognized.?® This could be another control point
through the application of therapeutic antagomirs capable
of negatively controlling the oncogenic response of the
cell’s onco-microRNA.

The expression of NF-«kB is strongly related to the
onset and maintenance of the inflammatory process in
tumors in cases of both CHL and RLN because it is an
important activator of inflammatory responses, especially
in cases of the mixed cellularity variety where 9/10 (90%)
were positive for expression of NF-«kB. In cases of CHL
and RLN, the NF-kB protein is produced as a result of the
cytokines secreted by inflammatory cells such as TNF-a
and interleukin 1B.2° Also, the processes of proliferation,
angiogenesis, migration and metastasis, among others,
can be activated and produced through the effect of the
viral protein LMP1.26

It is important to expand this study to include a larger
sample size and, above all, to focus on analyzing the expres-
sion of BART-2, which is found in only one region outside
the three “clusters” and that negatively regulates expression
of the polymerase of EBV to maintain it in the latent phase
in cases of both CHL and RLN. This fact leads us to posit the
possibility of assessing the negative regulation of BART-2
with therapeutic antagomirs that enable the transition to the
lytic cycle of EBV because it seems to evade latency once
inside the host. Finally, BARTs and cellular microRNAs are
produced and secreted in the serum, a fact that suggests the
possibility of studying these using less invasive techniques
and recognizing them as serum markers of infection or of
the response to treatment in EBV infections.
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