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Abstract

Introduction: Epstein-Barr Virus (EBV) is associated with several B-cell non-Hodgkin’s lymphoma
(NHL), but the role of EBV in diffuse large B-cell lymphoma (DLBCL) is poorly defined. Several
studies indicated the expression of phosphorylated STAT3 (pSTAT3) is predominant in EBV(+)-
DLBCL, of which its activated form can promote the downstream oncogenes expression such as
¢-MYC. c-MYC gene rearrangements are frequently found in aggressive lymphoma with inferior
prognosis. Furthermore, EBV is a co-factor of MYC dysregulation. JAK1/STAT3 could be the
downstream pathway of EBV and deregulates MYC. To confirm the involvement of EBV in JAK1/
STAT3 activation and MYC deregulation, association of EBV, pSTAT3 and MYC in EBV(+)-
DLBCL cases were studied. The presence of pSTAT3 and its upstream proteins: pJAKI1 is identify
to delineate the role of EBV in JAK1/STAT3 pathway. Materials and Methods:51 cases of DLBCL
paraffin-embedded tissue samples were retrieved from a single private hospital in Kuala Lumpur,
Malaysia. EBER-ISH was performed to identify the EBV expression; ten EBV(+)-DLBCL cases
subjected to immunohistochemistry for LMP1, pJAK1, pSTAT3 and MYC; FISH assay for c-MYC
gene rearrangement. Results: Among 10 cases of EBV(+)-DLBCL, 90% were non-GCB subtype
(p=0.011), 88.9% expressed LMP1. 40% EBV(+)-DLBCL had pJAK1 expression. Conclusion:
66.7% EBV(+)-DLBCL showed the positivity of pSTAT3, which implies the involvement of EBV
in constitutive JAK/STAT pathway. 44.5% EBV(+)-DLBCL have co-expression of pSTAT3 and
MYC, but all EBV(+)-DLBCL was absence with c-MYC gene rearrangement. The finding of clinical
samples might shed lights to the lymphomagenesis of EBV associated with non-GCB subtypes, and
the potential therapy for pSTAT3-mediated pathway.
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INTRODUCTION

Epstein-Barr virus-positive diffuse large B-cell
lymphoma (EBV(+)-DLBCL) is one of the
EBV-associated lymphoproliferative disease,
defined as EBV(+)-DLBCL,NOS in 2016 WHO
classification. Majority of EBV(+)-DLBCL
patients are elderly due to their senescence
of immune system, but young adults cases
also been reported. The incidence of EBV(+)-
DLBCL is various ranging from 5% to 15%.
For Asian countries, it was reported to have
higher frequency (9-15%), whereas less than
5% in western countries."> EBV(+)-DLBCL

also possess poor prognosis when compared to
EBV(-)-DLBCL patients, but in western
countries, the outcome is controversial .}
EBV(+)-DLBCL is categorised in latency
type III when the board spectrum viral genome
is expressed. Latency type III also known as a
growth program, where EBV infected primary B
cells and drives them to the proliferation cycle.
One of the EBV latent genome latent membrane
protein-1 (LMP1), is an oncoprotein where
activates multiple signaling pathways. Several
studies indicate LMP1 up-regulates cytokines
interleukin 6 (IL6), and subsequently induce the
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JAK/STAT3 signaling pathway. Activation of
STAT3 translocates to the nucleus and promotes
the regulation of ¢-MYC gene. Furthermore,
EBV viral genome can render the activation of
the c-MYC gene rearrangements. In the study
of ¢-MYC gene rearrangement in DLBCL,
poor prognosis of regimen R-CHOP treatment
was discovered for the patients in conjunction
with BCL2 and/or BCL6 translocation (Double-
hit and Triple-hit lymphoma).* ¢-MYC gene
rearrangement also found in 7-15% of de novo
DLBCL, and 8% of post-transformation DLBCL,
this has supported that c-MYC genes have highly
occurred in high-grade lymphoma. Moreover,
higher incidence of c-MYC gene rearrangement
and Double-hit lymphoma were observed in
EBV(+) cases in Asian countries.>”’

STAT3 is an upstream receptor of MYC. It
also known as a transcription factor in response
to cytokines and growth factors. Studies
found that phosphorylated STAT3 (pSTAT3)
is predominantly actives in EBV(+)-DLBCL.
pSTAT3 form homo- or heterodimers and
translocate to nucleus, involve in the cell survival
and proliferation. Constitutively active STAT3-
mediated pathway can regulate downstream
oncoproteins, such as MYC.** NF-kB and
STAT3 are activated in EBV related tumours.'°
Therefore, it was hypothesised in this study
that the aberration of STAT3 was caused by the
viral latent protein LMP1 and resultsed in MYC
upregulation.

MYC is frequently found in aggressive
lymphoma phenotype. In B-cell aggressive NHL,
MYC is the hallmark of BL. MYC expression
is commonly associated with EBV infection
in BL, but studies on the association between
EBV and MYC in aggressive DLBCL have
been limited. For MYC expression in DLBCL,
newly defined high grade B-cell lymphoma in
2016 WHO classification with concurrent genes
alteration of ¢c-MYC, BCL2 and BCL6 were also
reported to have worse outcome, especially for
the patients with ¢-MYC translocation."

An association study between EBV, JAK1/
STAT3 and c¢-MYC gene and protein may
suggest the involvement of the JAK1/STAT3
pathway in EBV(+)-DLBCL has caused the
MYC deregulation. Immunohistochemistry
staining is by far still the more economic and
rapid diagnostic tools in clinical labs, and our
finding can throw light on the utility of this test
in targeting pSTAT?3 in therapeutic agent, as well
as the studies of EBV in B-cell pathogenesis.
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MATERIALS AND METHODS

An archival of 51 DLBCL cases diagnosed
between 2011 and 2015 were retrieved from
Pantai Premier Pathology in Kuala Lumpur,
Malaysia with UCSI University Faculty of
Medicine and Health Science Ethics Committee
approval and complied with the Helsinki
Declaration 2008. 3um sectioned samples by
Leica microtome from formalin-fixed paraffin-
embedded (FFPE) tissue block, was subjected
to EBER-ISH, THC and 2um of sectioned for
FISH assay.

EBER In Situ Hybridization (EBER-ISH)
FFPE tissue were sectioned at 3um, baked and
mounted on Leica BOND Plus Slide (Leica
Biosystems Richmon, Illinois, USA). EBV
RNA in nucleus was detected by fluorescein-
conjugated oligonucleotide probe supplied in
hybridisation solution (BOND™ Ready-to-Use
ISH, Leica). Slides were hybridised with the
probe for 5 hours and amplified with BOND™
Polymer Refine Detection kit. The procedure
was carried out as suggested by the manufacturer
of the automatic Leica BOND MAX system
immunostainer. RNA-positive and RNA-
negative control probe were used to ensure the
quality of mRNA.RNA-positive control probe is
an oligonucleotide aim to hybridise Poly-A tail
of mRNA for detection of preserved mRNA. All
results were examined under 100X magnification
Olympus microscope for scoring by experienced
pathologist. Positive scoring was given if =250%
of EBER expression detected in tumour cells.

Immunohistochemistry (IHC)

Tissue slides were de-paraffinised and rehydrated
accordingly. Prior to the staining procedure, the
slides were applied on Leica BOND MAX system
immunostainer according to the manufacturer’s
procedure. A series of primary antibodies: CD10
Ab2 (56C6; dil 1:30; Thermo Fisher Scientific,
UK), CD20 (L26; dil 1:200; Dako, Denmark),
MUM-1 (MUMI1p;dil 1:25; Dako, Denmark), Ki-
67 (MIB-1; dil 1:75; Dako, Denmark), C-MYC
(Y69; dil 1:500; Ventana, Arizona), BCL2 (100/
D5; dil 1:50; Thermo Fisher Scientific, UK),
BCL6 Ab2 (BL6.02; dil 1:20; Thermo Fisher
Scientific, UK), Anti-STAT3 (phospho Y705)
(1:50, Abcam, USA), Anti-JAK1 (phospho
Y1022+ Y1023) (1:50, Abcam, USA), LMPI
(1:100, Dako, Denmark) were then incubated
for 15 minutes at room temperature. Enzyme-
conjugated secondary antibody was applied



after the slides wash by Bond wash solution
(Leica). 3,3’-Diaminobenzidine (DAB) stained
slides resulted in brown precipitation and finally
counterstained with Hematoxylin. All slides were
mounted and viewed under Olympus microscope
for scoring under 100X magnification. The
immunostaining for immunomarkers is robust
and hence, the reproducibility cut-off values
were accessed as below: (i) 30% for pSTAT3;
(i) 10% for pJAKI; (iii) 40% for MYC; (iv)
50% for BCL2; (v) 70% for BCL6; (vi) 10%
for LMP1.">14

Fluorescence In Situ Hybridisation (FISH)
All FFPE tissue was sectioned at 2 ym for
interphase FISH assay. c-MYC gene was labelled
by break-apart probes. FISH DNA split probe
and FISH Accessory Kit (Dako, Glostrup,
Denmark) were used in this experiment. The
method was carried out as suggested by the
manufacturer. Briefly, de-paraffinisation and
rehydration were carried out prior to the
staining procedure. After digestion with pepsin
solution for 30 minutes at 37°C in Dako
hybridiser. Denaturation and hybridisation with
probe ¢-MYC FISH DNA Probe, Split Signal
(Dako, Glostrup, Denmark) for the detection
of translocations involving the ¢-MYC locus at
chromosome 8q24 by FISH. The slides were
subsequently mounted and viewed under the
Zeiss Axioimager Fluorescent microscope with
the Metasystem’s ISIS Metafer software at 630X
magnificent for scoring and localisation purpose.
Using break-apart probes, a translocation is
identified if: (i) one pair of red and green signals
is fused while the other pair is two or three
signals widths apart, (ii) red and green signals
are seen but none of them are fused, (iii) one
pair of red and green signals is fused while either
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red or green signal of the other pair is gone, or
(iv) deleted. Translocation must be evident in at
least 20% of the tumour cells. No translocation
is identified if there are: (i) two pairs of fused
red and green signals in a nucleus, and/or (ii)
all signals seen within the nucleus are paired
and no extra signal is visible. A gain of signals
is defined if extra pairs of signals are observed
in =50% of cells. The cut-off values are based
on a controlled study done in the normal tonsil.

Statistical analysis

Results were expressed in means value +
standard deviation (SD). Statistical analysis with
Chi-squared and Fisher’s exact test to identify
between-group differences using IBM SPSS
Statistics (version 23; SPSS Inc., Chicago, IL,
USA). Statistical significance expressed as ***P
<0.001; **P <0.01; *P <0.05.

RESULTS

Among the 51 DLBCL cases, 19.6% (10/51)
cases had EBER expression. The median age
of EBV(+)-DLBCL patients was 56.0, range
from 35-81. Male had higher prevalence which
consists of 70%. 60% EBV(+)-DLBCL present
in the nodal site. Immunophenotyping of ten
cases EBV(+)-DLBCL was listed in Table 1. All
cases had CD20+ of B-cell expression. Markers
of CD10, BCL6 and MUMI1 according to Hans
algorithm was used to categorise the 51 DLBCL
cases into the germinal centre (GCB) and non-
GCB." The presence of EBV determined by
EBER-ISH assay (Fig. 1a). Out of ten cases of
EBV(+)-DLBCL, 90% were non-GCB subtype
(p=0.011), non-GCB subtype consisting of ABC-
DLBCL. Besides, to investigate the protein and
gene expression in ten cases of EBV(+)-DLBCL,

TABLE 1: Immunophenotyping and genotyping of EBV-positive DLBCL

Cases Site Age Gender COO  LMP1 L”t‘;;’fy PIAKL o ‘ﬁ:ﬁ;ﬂm % ei’;‘r{gsmm ”l;g{f
1 extra-nodal tonsil 72 M nGCB Jusains - -
2 extra-nodal lumbar 55 M GCB i - - +(40) ND
3 nodal cervical 57 M nGCB + WL B +(50)

node —

4 extra-nodal tonsil 39 M nGCB ND ND + +(50) -
5 nodal lymph node 81 F nGCB + I/ - +(80) +(60)
6 extra-nodal  nasopharynx 35 F nGCB + I + ND +(90) ND
7 nodal neck node 59 M nGCB + Jusiins - - - ND
8 nodal lymph node 55 M nGCB + III + +(80) +(80) -
9 nodal lymph node 53 M nGCB I + +(60-70) +(40) -
10 nodal pelvic node 58 F nGCB + III - +(35-40) +(50) ND

p-value

against - - - - 0.011* 0.527 0.678 0.527

EBV

F=Female, M=Male; COO: cell of origin; GCB: Germinal-centre like; nGCB: non-GCB; ND: Not Detected due to insufficient tissue
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FIG. 1: (A) EBER-ISH Assay Staining of EBER latent gene in nuclear to detect the infected cells. Figure
shows >80% expression in tumour nuclear cells. (cut-off: =50%). Magnification: 630x. (B) LMP1 Im-
munophenotyping EBV latent membrane protein localise to cells membrane and cytoplasm. Figure shows
>30% expression in tumour cells. (cut-off: =210%). Magnification: 400x

IHC for LMP1, pJAK1, pSTAT3 and MYC;
FISH assay for c-MYC gene rearrangement were
carried out. To determine the latency phenotype,
LMP1 expression was performed and 88.9%
were found to be under latency type II or type
I (Fig. 1b).

To investigate the JAK/STAT activity in
DLBCL, the presence of pSTAT3(Ty-705) was
examined through IHC assay (Fig. 2a). A total of
66.7% (6/9) EBV(+)-DLBCL showed positivity
of pSTAT3, majority (5/9) of immunotype
showed 50% and above expression. Among the
positive expression of pSTAT3, all were non-
GCB subtype. pJAK1 expression, which is the
up-stream receptor of STAT3 was examined, to
elucidate the pathological role of JAK1 in JAK/
STAT pathway in pSTAT3(+) cases. In EBV(+)-
DLBCL cases, 40% (4/10) had pJAK1 positive
expression (Fig. 2¢)

To determine the association between pSTAT3
and MYC, FISH and IHC experiments were
carried out to observe c-MYC gene and protein
expression (Fig. 3). None of EBV(+)-DLBCL
had ¢-MYC gene rearrangement, while 60%
EBV(+)-DLBCL cases showed MYC positive
protein expression. No significant association
between EBV and MYC protein expression
(p=0.527). c-MYC rearrangement negatively
shown in EBV(+)-DLBCL may indicated that
the interference of EBV latent genes have no
impact on the c-MYC rearrangement in DLBCL.

InEBV(+)-DLBCL, 80% of positive pSTAT3
cases expressed LMPI1 (4/5). Although it is
difficult to conclude LMP1 and the role of STAT3-
mediated pathway has deregulated MYC based
on the protein expression, immunophenotyping
of clinical cases in this study had successfully
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shown the high frequency of co-expressions
of both LMP1 and pSTAT3. For the upstream
receptor of pSTAT3, all pJAK1 showed positive
expression in non-GCB subtypes of EBV(+)-
DLBCL, but not associated with the EBER
(p=0.527) and LMP1 expression (p=0.375) (Data
not shown).

Several patterns listed as Pattern I-VI were
observed to delineate the MYC expression and
pJAK1/pSTAT3 in EBV(+)-DLBCL (Table 2).
Among the upregulated MYC protein positive
cases, high level of pSTAT3 concurrently
expressed (Pattern I and II), of which 80%
(4/5) cases had pSTAT3 positivity. For pJAK1
expression, only 40% (2/5) was observed in
Pattern II. For MYC protein negative cases
(Pattern IV to VI), only 50% (2/4) pSTAT3 was
positively expressed in each Pattern IV and V.
No activation of JAK1/STAT3 in Pattern III and
VI that only consist of one case for each. In a
nutshell, pJAK1 was independently expressed,
STAT3 was not canonically phosphorylated by
JAK1, suggested JAK1 was not imposed on the
MYC deregulation in EBV(+)-DLBCL.

DISCUSSION

EBV(+)-DLBCL is predominantly showed with
non-GCB immunophenotype and characterised
by NF-kB activation,!''¢ whereby our EBV(+)-
DLBCL cases were significantly associated with
non-GCB subtype (p=0.011). ABC-DLBCL
subtype in non-GCB is linked to NF-xB
signalling pathways, constitutive activation of
NF-kB pathway contributes to the secretion of the
IL6 or IL10. The cytokines thereafter stimulate
the JAK/STAT pathway and activate the STAT3
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FIG. 2: (A) pSTAT3 Immunophenotyping DAB-staining of pSTAT3, brownish precipitation indicates the pSTAT3
protein expression (cut-off: =230%). pSTAT3(+)-EBV(+)-DLBCL with >85% expression. (B) pSTAT3(-)-
EBV(+)-DLBCL. (C) pJAK! Immunophenotyping DAB-staining of pJAK1, brownish precipitation
indicates the pJAKI protein expression (cut-off: =10%). pJAK1(+)-EBV(+)-DLBCL with >60%
expression. (D) pJAK1(-)-EBV(+)-DLBCL. Magnification: 400x.
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FIG. 3: MYC Immunophenotyping (cut-off: =40%) More than 40% tumours cells show the MYC protein
expression. The result has been evaluated in FFPE tissue by immunohistochemistry assay, brownish
precipitation indicates the expression of MYC protein in tumour cells. Magnification: 400x.
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TABLE 2: Expression of MYC, pJAK1 and pSTAT3 in EBV-positive DLBCL
No. of case for .
MYC pJAK1 pSTAT3 No. of The possible
. . . MYC and pSTAT3
Patterns Expression Expression Expression Case . pathway
Expression
n (%)
STAT3-
I MYC(+)  pJAKI(-) pSTAT3(+) 2 mediated
4 (80)
JAK1/STAT3
I MYC(+) pJAKI(+) pSTAT3(+) 2 pathway
No activation of
I MYC(+) pJAKI(-)  pSTAT3(-) 1 1 (20) JAK1/STAT3
pathway
No activation of
v MYC(-) pJAKI1(-)  pSTAT3(-) 2 2 (50) JAK1/STAT3
pathway
STAT3-
v MYC(-) pJAKI1(-)  pSTAT3(+) 1 mediated
2 (50)
JAK1/STAT3
VI MYC(-) pJAKI(+) pSTAT3(+) 1 pathway

Note: Case 6 was excluded in this table due to insufficient tissue.

proteins. Gene Expression Profiling (GEP)
revealed the latent genes of EBV has induced
the NF-xB and JAK/STAT pathways, furthermore
higher percentage of clinical samples has pSTAT3
protein expression for cases EBV(+)-DLBCL-E
and EBV(+)-DLBCL with results 80% and 39%
respectively.'® STAT3 is relevant to the EBNA1-
Qp regulation, and the expression of LMP1 is
controlled by the JAK/STAT pathway.!”

pSTAT3 and pJAK1

pSTAT3 expression can be found in both GCB
and non-GCB DLBCL, the expression on the
DLBCL is dominance to non-GCB subtype,
while percentage of pSTAT3 positive cases
among GCB and non-GCB subtypes varies.
Gupta et al. observed 27% and 58% pSTAT3
expression in GCB and non-GCB respectively.
Higher frequency was observed by Ding et
al., which is 70% pSTAT3 expression in non-
GCB subtype.'>!® Furthermore, DLBCL with
pSTAT3 expression reported to have inferior
event-free survival (EFS). Ok et al. observed
16% expression in de novo DLBCL and was
more associated to ABC subtype with MYC
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expression.”” ZL et al. (2011) finding also
concurred to the association conclusion, and
32.4% with strong nuclear expression has been
reported.'

66.7% of EBV(+)-DLBCL carried pSTAT3
positivity (Table 1). In Hodgkin’s disease tissue,
expression of LMP1 is relevant to STAT3
regulation. LMP1 mimics CD40 signal and
activate NF-xB pathway, up-regulate IL6 and
subsequently induced the JAK/STAT signalling
pathway.?® Constitutive NF-xkB pathway is
usually activated in ABC-DLBCL, forming
CARDI11/ BCL10/MALT! complex and
activate IKK@, results in secretion of IL6 and/
or IL10.*' Cytokines IL6 and/or IL10 induce the
phosphorylation of STAT3, results in the homo-
or heterodimer formation of STAT?3. Of note, the
stimulation of IL6 can be regulated by NF-xB
or LMP1-mediated and therefore triggered the
STAT3 dimerisation.

In contrast to JAK2, JAK1/STAT3 pathway
frequently occurred in non-GCB of DLBCL,
ABC subtype. ABC-DLBCL of which associated
with the constitutive NF-xB pathway been
reported.”*? Since JAK?2 is not activated in the



ABC-DLBCL cells, therefore JAK1 activation
was focused in this study. In our hypothesis, the
aberration of JAK1/STAT3 pathway translocates
to the nucleus, results in up-regulation of MYC
expression in DLBCL. Past studies revealed that
JAKT contributes to the cell survival of ABC-
DLBCL, regulates IRF4, MYD88 and MYC. A
constitutive JAK1/STAT3 signalling pathway
is activated in ABC-DLBCL. However, not all
JAKI1 involved in the STAT3-mediated pathway.
JAK1-dependent H3Y41 phosphorylation
involves nearly 3,000 genes in chromatin and
regulates IRF4, MYD88 and MYC expression
in ABC-DLBCL.** In EBV(+)-DLBCL, pJAK1
immunophenotyping was not significantly
present in DLBCL tumour cells, suggesting
that pJAK1 was not involve in LMP1-mediated
pathway, consistent with the report by Gires et
al®

The 88.9% LMP1 positivity rate (Table 1) in
EBV(+)-DLBCL highlighted that LMP1 induced
the tumour development, which may throw light
on the role of EBV genome in STAT3-mediated
pathway. For JAK1/STAT3 pathway, the pJAK1
result did not meet the initial hypothesis.
Although JAK1 is the upstream regulator of
STAT3 in DLBCL non-GCB subtype, STAT3
activation was more likely to be regulated by
other receptors in MYC mechanism, which
means JAK1 was not imposed on the MYC
deregulation. The concurrent expression of
pSTAT3 and MYC denote the STAT3-mediated
involved in the regulation mechanism.

MYC deregulation

In the ten EBV(+)-DLBCL cases, whether EBV
has a role in MYC deregulation mechanism is
rather interesting. In the current finding, more
than half of the cases (60%, 6/10) had MYC
protein expression (Table 1). Interestingly, none
of the EBV(+)-DLBCL cases showed ¢-MYC
gene rearrangement even though they had MYC
positive protein expression. It was speculated
that MY C deregulation is not initiated or limited
from the c-MYC gene, but rather complex events
or an alternative transcriptional mechanism may
have occurred.

Deregulation of MYC can be caused by
several mechanisms, both directly or indirectly.
Three novel mechanisms for activation of
c-MYC genes have been illustrated which
are insertional mutagenesis, chromosomal
translocation and gene amplification.?® The
deregulation of MYC can either be initiated by
the genes alterations or independently controlled

PROTEIN EXPRESSION IN EBV-POSITIVE DLBCL

by the activation of hormones and growth
factors, their receptors, second messengers and
transcriptional effectors. MYC expression is the
hallmark of BL, performed simple karyotype
with Ig-MYC rearrangement, whereas in high-
grade B-cell lymphoma, or intermediate BL/
DLBCL have complex karyotype with Ig light
chain or non-Ig-MYC rearrangement such as
BCL6, BCLIIA, PAXS5 or ICAROS49.2% Both
BL and high grade B-cell lymphoma have a very
aggressive manner, with proliferation marker
Ki-67 >90%. EBV latency type III program,
TLRY and CD40 in the NF-kB pathway were
the three different inducers for the upregulation
of MYC. Deregulation of MYC in NF-«B
activated B cell by the three inducers would
constantly increase the proliferation rate and
aggressiveness of tumour cells. Through CD40
activation, the deregulation of MYC transformed
indolent lymphoma to aggressive status. c-MYC
is an NF-kB co-transforming event in aggressive
ABC-DLBCL.?” In this study, strong and
concurrently expression of pSTAT3 and MYC
indicated instead of c¢-MYC rearrangement,
pSTAT3-mediated is the transcription factor of
MYC deregulation in EBV(+)-DLBCL (Fig. 4).

MYC is the hallmark of BL, however,
recent studies had been reported not all BL
with MYC protein expression has c-MYC gene
rearrangement. EBV microRNA (miRNAs)
might be an alternative agent to involve in
the deregulation of MYC. EBV expressed 25
miRNAs and is involved in the viral pathogenesis
and lymphogenesis. EBV miRNAs target cellular
transcripts during latent infection thereby
regulates the host environment. The miRNA can
be targeted by host c-MYC miRNA and results
in MYC deregulation. Via numerous miRNA,
an oncomiR, miR-155 is induced by LMP1 in
NF-kB pathway and results in cells survival .23
In this study, no ¢c-MYC gene rearrangement
occurred in EBV(+)-DLBCL. Therefore, EBV
miRNA might potentially play a role in the
pathogenesis of the malignancies. More studies
about the EBV miRNAs are needed to explore
the association of EBV and MYC expression in
the possibilities of the neoplasia.

In conclusion, none of the EBV(+)-DLBCL
cases showed c-MYC gene rearrangement,
whereas 60% of EBV(+)-DLBCL had MYC
protein expression, implying that a direct event
that initiated by ¢-MYC gene did not occur in
the MYC deregulation, an alternative mechanism
such as secondary or tertiary event has emerged
in EBV(+)-DLBCL. Furthermore, MYC protein
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or other regulators ??
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FIG. 4: Expression of EBV, pJAK1/pSTAT3 and MYC. JAK/STAT is cytokines (IL2, IL6 and etc.) and hormone
regulatory pathway. (Grey arrows) LMP1 mimic CD40 signal and results in NF-xB signalling pathway.
Constitutive NF-xB eventually induce IL6 and stimulate JAK/STAT pathway. In other words, a cross-
talk mechanism is occurred, LMP1 triggered the signalling pathway and activates STAT3. Red arrows
indicates our hypothesis) STAT3 up-regulated MYC protein expression in EBV(+)-DLBCL. Besides
JAK1, we speculated other regulators involved in this mechanism.

expression with a frequency of 80% also
concurrently expressed pSTAT?3 (Pattern I and IT)
implies that MYC was up-regulated by STAT3
regulatory (Table 2). From the expression of
pJAKI, not all STAT3 was activated by JAK1,
implied that others tyrosine kinase or protein
regulators may be involved. The result points
that STAT3 was the key protein in the regulation,
therefore, we suggested pSTAT3 is a potential
target for therapeutic agents in EBV(+)-DLBCL.

In EBV(+)-DLBCL, there is no association
between LMP1 and pSTAT3 although LMP1 is
frequently observed in the EBV(+)-DLBCL with
pSTATS3 positivity (80%, 4/5), co-expression of
pSTAT3 and MYC indicated that MYC protein
was up-regulated by STAT3 in EBV(+)-DLBCL
cases. However, pJAK1 and pSTAT3 not always
concurrently expressed. Therefore, instead of
JAK1/STAT3 signalling, it is suggested that
STAT3-mediated pathway is involved in MYC
deregulation in EBV(+)-DLBCL and the viral
infection or its latent protein LMP1 may play a
role in the MYC deregulation mechanism.
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