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What keeps the power on in lymphomas?
----------------------------------------------------------------------------------------------------------------

Wolfgang Hammerschmidt HELMHOLTZ ZENTRUM MÜNCHEN/GERMAN CENTER FOR ENVIRONMENTAL
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More than 45 years ago, in cells cultured from Burkitt lymphoma (BL), the first
human tumor virus—Epstein-Barr virus (EBV)—was discovered. We know now
that this human herpes virus is associated with an unusually wide range of different
malignancies including Hodgkin and posttransplantation lymphomas as well as
different carcinomas. The correlative link between this virus and common malig-
nancies has fueled the field of viral tumorigenesis and revealed a rich biology of
EBV’s oncogenes but a systematic comparison of EBV-positive lymphomas and
this virus’ contribution to their transformed phenotype has been lacking.

In this issue of Blood, Vereide and Sugden
counterselect EBV and then study different

lymphoma cell lines upon EBV’s induced
loss.1 Their findings support an interesting
novel perspective: few viral oncogenes includ-
ing viral miRNAs likely drive cellular trans-
formation in canonical, endemic BLs but other
lymphomas have not evolved that far; their
survival and growth still depend on several
additional viral functions.

EBV is an unusual pathogen which infects
quiescent cells, establishes a latent infection
precluding virus de novo synthesis, protects
the latently infected cells from apoptosis, and
drives them to proliferate. EBV’s viral DNA
genome does not integrate into the host chro-
mosome but is maintained extrachromosoma-
lly as several plasmid copies in the nucleus of
the latently infected cell. Plasmid maintenance

is an operational term that includes synchro-
nous replication of viral plasmids during
S phase as well as their nuclear retention dur-
ing interphase and mitosis of the host cell.

Plasmid maintenance of EBV DNA relies
on a viral protein, EBNA1, which is essential
to tether the viral genomes to the machinery of
the host cell. EBNA1 also acts as a transcrip-
tion factor, regulating its own expression and
5 additional latent EBNA genes.2 Beyond the
class of 6 EBNAs, 3 latent membrane proteins,
numerous micro-RNAs (miRNAs), other
noncoding RNA species, and, occasionally,
the viral BHRF1 protein (a viral homologue of
the large BCL-2 family), score as latent gene
products.3-5

Extrachromosomal maintenance of the
EBV’s plasmid DNA comes at a cost because it
can be lost from infected, proliferating cells

and is only maintained efficiently if it provides
them a selective advantage. Sugden and col-
leagues have engineered a conditional mutant
of EBNA1, which is dominant-negative and
mediates the induced loss of EBV genomes in
EBV-positive cells at will.1 In this issue,
Vereide and Sugden introduced this condi-
tional EBNA1 mutant into members of 3 dif-
ferent classes of EBV-positive lymphomas:
canonical BL lymphomas, which express only
EBNA1, miRNAs, and other noncoding
RNAs; noncanonical Wp-restricted BL lym-
phomas, which express additional viral latent
genes such as BHRF1 and members of the
EBNA3 gene family from the viral Wp pro-
moter6; and posttransplantation lymphoprolif-
erative disorder lymphomas (PTLDs), which
can express all known latent genes of EBV.

Vereide and Sugden study the resulting
phenotypes and substitute cellular candidate
genes, such as c-myc and bcl-xL, to compensate
for EBV’s induced loss. They find that cells
derived from PTLDs entirely depend on
EBV’s functions: Wp-restricted noncanonical
lymphoma cells are intermediate, and canoni-
cal BL cells are least affected by ridding the
cells of EBV. The authors conclude that the
dependence on EBV of the different classes of
EBV-positive lymphoma correlates with the
extent of viral gene expression. Their findings
strongly suggest that viral gene expression in
lymphomas evolves from in vivo selection for
specific viral functions to support tumorigen-
esis and evade selective pressure imposed by
the immune system (see figure). Thus, viral
gene expression does not reflect different viral
programs of latent gene expression as thought
previously5 but the cells are selected in vivo to
acquire compensating cellular mutations that
reduce their dependence on the virus. Ulti-
mately, EBV-negative B-cell lymphomas
might stem from cells that have gone even
further in vivo and evolved to become entirely
independent of the virus.

It is clear now that EBV contributes selec-
tively to the survival and proliferation of dif-
ferent stages of B-cell lymphomas. In canoni-
cal BL cells, the likely viral candidates are
EBNA1, BHRF1, and EBV’s noncoding
RNAs. For example, EBNA1 regulates few
viral genes and hundreds of cellular genes at
the transcriptional level but its role in prevent-
ing apoptosis in EBV-positive lymphomas,
which are the focus of this article, remains to
be demonstrated.7,8

A hypothesis for EBV-induced lymphomagenesis. EBV transforms B lymphocytes, providing cells with much
potentially oncogenic information. However, the viral genes these EBV-positive “proto” tumor cells express are
immunogenic, placing the cells under strong negative selection by the immune system. In response, tumor
cells evolve to express fewer viral genes by gaining cellular mutations that replace the functions of viral
oncogenes. Different tumor cells express distinct sets of latent viral genes reflecting their in vivo evolution
away from dependence on the virus and toward dependence on cellular mutations. The lengths of the lines for
each tumor cell line reflect the hypothesized extent of this evolution. See the complete figure in the article
beginning on page 1977.
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It is still debatable whether BHRF1, a viral
homologue and antiapoptotic member of the
BCL-2 family, is expressed in BL cells.3 The
BHRF1 gene product has been found to inter-
fere with the proapoptotic Bim protein, pre-
venting apoptosis in newly infected human
B cells, and is a likely viral contribution in all
EBV-positive lymphomas.1

Interesting and promising candidates are
EBV’s miRNAs that may play a decisive role
in lymphomagenesis. Presumably, they fine-
tune the expression of many hundreds of cel-
lular target genes with mostly unknown func-
tions9 but a recent report suggests that this
virus’ 44 miRNAs might directly contribute to
cellular survival, promotion of cell-cycle en-
try, and proliferation of human B cells
invitro.10

The findings by Vereide and Sugden do
not provide the ultimate explanations but the
implication of their findings is clear. The in-
duced loss of EBV from canonical BLs, which
have progressed to depend on few viral genes
only, will provide a promising assay to identify
those genes that complement cellular survival
and/or proliferation in the absence of viral
functions. The smart approach by these au-
thors has gone a long way in revealing this fun-
damental option, which will have important
basic and clinical implications in the future.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ■

REFERENCES
1. Vereide DT, Sugden B. Lymphomas differ in their de-
pendence on Epstein-Barr virus. Blood. 2011;117(6):
1977-1985.

2. Altmann M, Pich D, Ruiss R, Wang J, Sugden B,
Hammerschmidt W. Transcriptional activation by EBV
nuclear antigen 1 is essential for the expression of EBV’s
transforming genes. Proc Natl Acad Sci U S A. 2006;
103(38):14188-14193.

3. Kelly GL, Long HM, Stylianou J, et al. An Epstein-
Barr virus anti-apoptotic protein constitutively expressed in
transformed cells and implicated in Burkitt lymphomagen-
esis: the Wp/BHRF1 link. PLoS Pathog. 2009;5(3):
e1000341.

4. Watanabe A, Maruo S, Ito T, Ito M, Katsumura KR,
Takada K. Epstein-Barr virus-encoded Bcl-2 homologue
functions as a survival factor in Wp-restricted Burkitt lym-
phoma cell line P3HR-1. J Virol. 2010;84(6):2893-2901.

5. Young LS, Rickinson AB. Epstein-Barr virus: 40 years
on. Nat Rev Cancer. 2004;4(10):757-768.

6. Kelly G, Bell A, Rickinson A. Epstein-Barr virus-
associated Burkitt lymphomagenesis selects for downregu-
lation of the nuclear antigen EBNA2. Nat Med. 2002;8(10):
1098-1104.

7. Canaan A, Haviv I, Urban AE, et al. EBNA1 regulates
cellular gene expression by binding cellular promoters. Proc
Natl Acad Sci U S A. 2009;106(52):22421-22426.

8. Dresang LR, Vereide DT, Sugden B. Identifying sites
bound by Epstein-Barr virus nuclear antigen 1 (EBNA1) in
the human genome: defining a position-weighted matrix to
predict sites bound by EBNA1 in viral genomes. J Virol.
2009;83(7):2930-2940.

9. Dolken L, Malterer G, Erhard F, et al. Systematic anal-
ysis of viral and cellular microRNA targets in cells latently
infected with human gamma-herpesviruses by RISC immu-
noprecipitation assay. Cell Host Microbe. 2010;7(4):324-334.

10. Seto E, Moosmann A, Gromminger S, Walz N,
Grundhoff A, Hammerschmidt W. Micro RNAs of
Epstein-Barr virus promote cell cycle progression and pre-
vent apoptosis of primary human B cells. PLoS Pathog.
2010;6(8):e1001063.

● ● ● THROMBOSIS & HEMOSTASIS

Comment on Lisman et al, page 2070

Who controls the controllers?
----------------------------------------------------------------------------------------------------------------

Paul Monagle ROYAL CHILDREN	S HOSPITAL MELBOURNE

In a novel study of children who received livers transplanted from adult donors,
Lisman and colleagues describe how plasma levels of coagulation proteins remain
at pediatric levels posttransplantation, suggesting that control of the plasma levels
is not primarily driven by the liver itself.1 This study raises numerous important
questions about the biology and regulation of the coagulation system, a key control
system in our bodies, and should be the stimulus for much further research.

The concept that the coagulation system in
children is quantitatively different from

adults was introduced only 20 years ago, when
Maureen Andrew coined the phrase “develop-
mental hemostasis.”2 Andrew’s landmark
studies, published in Blood, demonstrated that
on functional testing (assays that use clot for-
mation or chromogenic endpoints), the plasma
levels of many coagulation proteins change
with age, not reaching steady-state adult levels

until the late teenage years.2-4 Subsequent
studies of centenarians suggest that age-
related changes continue through the spec-
trum of adult life.5 Interestingly, there are no
published studies comparing immunologic
levels of most of these proteins. The possibil-
ity of qualitative differences in the relevant
proteins has been raised recently.6 Thus, while
many questions remain about the true nature
of the age-related differences in the proteins

themselves, how these differences are regu-
lated has remained a total mystery. Perhaps
even more important is the question, “Why?”

Possible mechanisms involved in controlling
the plasma levels of coagulation proteins in chil-
dren include: regulation at the gene level; post-
translational modifications that affect protein
function, delivery, or release; or differences in
protein clearance. Given that the liver is the site
of production for most coagulation proteins,
many had been assumed that the liver was in-
volved in this regulation. However, by demon-
strating that even with a transplanted adult liver
in situ, children maintain plasma levels of certain
coagulation proteins at their expected age-
related levels, Lisman and colleagues suggest the
liver is not the primary regulator of plasma co-
agulation protein levels.1 This should not really
come as a surprise, as the body is full of remote
sensor/regulator systems. Lisman et al propose
explanations that include hormonal control,
vascular endothelial control via an as yet uniden-
tified mechanism, or control via variable clear-
ance.1 The vascular endothelium seems the most
likely candidate. The endothelium is intimately
involved with the function of the coagulation
proteins,7 and vascular endothelial dysfunction,
as seen in disseminated intravascular coagula-
tion, is usually measured by the degree of distur-
bance in coagulation proteins, even though it is
not a primary disorder of coagulation.8

The fundamental question remains: why do
the plasma levels of coagulation proteins differ
with age? Potentially, this has nothing to do with
coagulation. Coagulation proteins are examples
of broad-acting proteins, such as serpins. Many
of these proteins have been shown to have actions
in multiple key biologic processes such as inflam-
mation, wound repair, and angiogenesis.6,8

Whether it is the requirements of one or many of
these basic systems of survival that drive the
plasma levels of these multifunctional proteins
must still be determined. Regardless, the endo-
thelium is a likely regulator for many of these
systems. This question has real clinical rel-
evance, as when we treat coagulopathic children
with plasma proteins, we invariably use plasma
collected from adults, or recombinant products
that likely have subtle tertiary differences in
structure from the native protein due to viral
inactivation processes in manufacturing. Thus,
the potential for these exogenous proteins to
have adverse effects mediated by a biologic sys-
tem outside of coagulation cannot be ignored.6

By extension, the use of anticoagulant drugs in
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