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ABSTRACT

Epstein Barr virus (EBV) is a virus known to cause not less than five human malignancies.
Its contribution and relationship towards these carcinomas are still not known. Our
research showed that a viral protein found in all malignancies associated with
Epstein Barr virus. This protein is Epstein Bar nuclear antigen 1 (EBNA-1) and its
needed for survival of one of these cancers; EBV-positive Burkitt Lymphoma.
When EBNA-1 is inhibited, these tumor cells survival is decreased by inducing
apoptosis. In the absence of EBV genome, apoptosis induced by the expression of
p53 can be inhibited by expression of EBNA-1. Our study show that this antigen
EBNA-1 is critical for EBV-associated Lymphoma survival continuation. Same
with other B cell tumors associated with EBV. In understanding any possible therapy
against EBV-associated malignancies, efficient inhibitors of EBNA-1 are useful. The
main factors believed to play vital roles in the pathogenesis of BL are Genetic instability
imposed by activation induced deaminase (AID), Antigenic and/or Polyclonal stimulation
of B cell receptor, viral gene products of EBNA-1 and many small non-coding nonpolyadenylated RNAs. The role of this virus is difficult to describe despite its related
intensives researches. Although positive expectations are raised because of the discovery
of two viral microRNA clusters expressed in EBV associated tumors, including Burkitt
Lymphoma. This mystery may be solved soon. The main objective of this review is to
understand the interplay between viral and cellular factors associated with BL and
emphasis is laid on mouse models and cell culture experiment that direct towards these
points..
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INTRODUCTION:
Initially Burkitt’s Lymphoma (BL) was
pathogenesis remains elusive. BL is high
described as a clinical entity seen in Central
aggressive and Fast proliferating which may be
African children in 1958, by Denis Burkitt. This
fatal within few months if not treated
tumor has some epidemiological features which
immediately5-8. C-myc is juxtaposed to one of
raised the search for its causative virus leading to
the Ig loci which characterizes BL by the
the discovery of Epstein Barr virus (EBV) by
activation of the c-myc oncogene, through
Epstein et al in 1964. In 1970s and 1980s, it
reciprocal chromosomal translocations9. Also,
became obvious that this tumor is not restricted
many BLs are tagged alongside point mutations
to Central Africa alone rather there is less
in the p53 tumor suppressor gene; other defects
incidence in other parts of the world in its
in the p14ARF-MDM2- p53pathway, or
sporadic form1-3. It is mostly frequent in HIV
inactivated p16INK4a genes by homozygous
positive individuals. Not all BL cases are as of
deletion or promoter methylation. In this
result of EBV infection. About 95% of its
manner, BL inculcates multiple genetic events
occurrence in Central Africa, 40 to 50% of the
which can inhibit cellular apoptosis and
cases in HIV positive individuals and 10 to
promote cellular proliferation10-13. In endemic
20% of the sporadic cases harbor the viral
areas of BL, virtually all cases are reported to
information and express at least one viral
be in association with EBV. EBV uses multiple
antigen (EBNA1) and several non-coding viral
viral genes to induce and sustain proliferation
4
RNAs . There are differences in all BL cases
of infection B cells. Most of these genes are not
regardless of its epidemiological region by
expressed in BL tumors making it hard to
exhibiting one of the three c-myc/Ig
understand how EBV contributes to the
chromosomal translocations which results in
survival of BL tumors. Only one viral proteinactivation of c-myc gene as a critical moment
Epstein-Barr nuclear antigen 1 (EBNA-1)
in development of this disease. The role of
function is consistently expressed in BL cells
EBV in the development of BL has been clearly
are required for their survival 14-17.
pointed out in the African cases, but still the
Fig:1 Epstein Barr Virus structure

The highest incidence of childhood cancer is BL
in the equatorial Africa. Climatic conditions are
also related the geographic distributions and
coincides with regions where malaria is
endemic18. These cancers are featured as
reciprocal translocation from chromosome 8
near or at the c-myc locus to either one of the
light chain loci on chromosome 2 or 22, or the
immunoglobulin chain locus on chromosome 14
(80. P.100 of cases)19-22. This translocation
activates the transcription of the protooncogene

c-myc. Development of the tumor can occur
maybe by the deregulation of c-myc. The Study
of Burkitt's lymphoma led to the discovery of
how viral infection and tumor development in
humans are associated23. All BL cells contains
the EB virus implicating it to be a likely etiology
factor. Expression of the virus is diminished
essentially to small non-coding RNA, nonpolyadenylates, and a nuclear protein EBNA1
which is cannot be exempted for maintenance of
EBV genome in infected cells. EBNA expression

368

British Journal of Pharmaceutical and Medical Research Vol.02, Issue 01, Pg.367-373, January-February 2017

in transgenes causes lymphoma in mice and
disorders (PTLDs)40-41. EBV latency III is also
could play a role in the expression of the c-myc
associated with activation and proliferation of B
gene associated in translocations24-27.
cells, initially because of the roles of LMP1 and
EBNA2 in B cells transformation. EBV
Molecular Biology:Epstein-Barr virus is an omnipresent gamma
switches to latency II expressing LMPs and
herpes virus which infects about 90% of people
EBNA1 in germinal center B cells. This second
studied in most populations and its life-long
expression may drive the differentiation of B
latency is established in B cells 28-33. The latency
cells into memory B cells42-45. Memory B cells
programs of EBV is complicated allowing the
exist as the long term latent reservoir of EBV,
virus to manipulate differentiation of B cells
where downregulation of all latent protein may
and establishing a long-term latency in memory
be expressed. Only the EBERs and EBNA1 are
B cell reservoir 34. Three patterns of this latent
constantly seen in BL cells of EBV+BL,
infection exists. Features of Latency III include
regardless of the clinical subtype. This model is
expression of all the EBV latency genes
considered that Latent 1 expression of EBV. In
(EBNA1, 2, 3a, 3b, 3c and LP), small
minority cases, BLs with LMP2A expression or
noncoding RNAs (EBERs) and latent
with EBNA1, 3a, 3b, and 3c expression have
35-39
membrane proteins (LMP1 and LMP2)
.
been reported. Cell survival and protect of BL
This model of infection is seen during the
cells may also be promoted by EBV infection4648
primary infection of the B cells and in EBV
.
positive post-transplant lymphoproliferative
Fig:1 Burkitt Lymphoma and EPV

cytoplasm. The nuclei are circular with multiple
small nucleoli and lacy chromatin48. On aspirate
smears or touch imprints, these cells are remarkable
for cytoplasmic lipid vacuoles. Plasmolytic variant
is rare, that is frequently seen in children and
immunodeficiency-associated
subtypes.
This
variant is remarkable for its high polymorphism with
a slightly eccentric nucleus with a single central
nucleolus49-50. Burkitt-like or Atypical Burkitt
lymphoma is the other variant, which is
characterized by higher pleomorphism in size and

Diagnosis of Burkitt Lymphoma
Histologically, the representation of BL is distinctive.
At nether magnification, the feature “starry sky”
pattern may be seen on hematoxylin and eosin
staining47. This pattern comprises of a blue
background of closely packed, medium-sized round
basophilic nuclei which forms the sky on which these
stars of tangible-body interspersed macrophages are
scattered. At an elevated magnification, the
lymphoma cells are seen as intermediate sized,
monomorphic lymphocytes with slight blue
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shape of the lymphoma nuclei containing more
prominent
nucleoli.
Typically,
Burkitt’s
Lymphomas express monotypic surface IgM, bcl-6,
CD20 and CD10. They also have an MIBI/Ki-67
proliferation fraction greater than 95%. They
typically don’t express bcl-2, TdT or CD5. The
expressions of bcl-6 and CD10 is preferable to a
germinal center (GC) origin for BL, which has been
reported in gene expression analysis of BL cells51.
The origin of germinal center of BL is constantly
aligned with the evidence that MYC translocation
occurs and an error of somatic hyper-mutation or
class switching.
Therapy of Burkitt Lymphoma/Leukemia
Previously unrelenting prognosis of BL patients
with 2-year disease free surviving ratio have been
greatly improved by new therapeutic regimens
approaching 90% in some series52. Advancements in
improving the therapy include, shorter intensive
courses of chemotherapy with higher doses of
alkylating agent in combination with intrathecal
therapy, together with careful preventive
management of tumor lysis syndrome. Also, other
two therapy regimens which are not based on the
BNHL studies have been used. It has been reported
by MD Andersen that hyper-CVAD (high dose
cyclophosphamide, doxorubicin, vincristine and
dexamethasone alternating alongside methotrexate
and cytarabine) led to a 3-year overall survival (OS)
of 49% in an older patient population53. Analysis of
81 sub-population of patients 60years below showed
a 3-year OS of 77%. This result is comparable to the
ones in the Magrath and its modified regimens.
CALGB regimen (i.e., cytoreduction plus
cyclophosphamide and prednisone followed by
three cycles of ifosfamide, vincristine, etoposide,
cytarabine, methotrexate, and dexamethasone
alternating with cyclophosphamide, doxorubicin,
vincristine, methotrexate and dexamethasone was
reported to have a 4-year disease-free survival of
50%; however, few patients completed all cycles of
therapy, due to high toxicities, most especially
neurologic toxicity54. As previously reported,
immunodeficiency-associated BL may be treated
with high dose intensive chemotherapy, it also can
be treated with concomitant HAART therapy in the
case of HIV or by removal of immunosuppression in
solid organ transplant patients55-56.
High dose chemotherapy followed by Autologous
bone
marrow
transplantation
(BMT)
as
consolidation therapy has been used to treat BL with
both positive and negative success. A phase II study

reported comparable 5-year OS and EFS between
patients on standard chemotherapy only and those
who were given autologous BMT after a short
intensive avoiding high dose methotrexate and
cytarabine. Nonetheless, the lack of a clear gain for
most patients combined with the supplemental
morbidity from BMT has prevented more extensive
use of autologous BMT in first line therapy57. A
Blood and Marrow Transplantation group in Europe
backwards review of auto BMT as a salvage therapy
for relapsed Burkitt’s Lymphoma in second or
greater remission showed that a 3-year OS of 72%
in patients in first complete remission, 7 % OS in
chemo-resistant and 37% in chemo-sensitive
relapsed patients. Lesser critical investigations are
attributed to allogeneic BMT58-59. Retrospective
report has shown that patients receiving autologous
BMT have had a longer OS than those receiving
allogeneic BMT. Even with few other reports, no
large prospective trials have shown an in-depth
benefit of allogeneic BMT.
New Therapeutic Agents
An anti CD20 monoclonal known as Rituximab, that
induces death of B cells has been included in hyperCVAD-, CHOP- and EPOCH- containing regimes
with hopeful preliminary results. Other trials with
this and prospective drugs are in progress. There is
a high expectation for the synergistic actions of
chemotherapy and immunotherapy in BL. Ongoing
Molecular-targeted therapies under include histone
deacetylase inhibitors, selective serotonin reuptake
inhibitors, antisense oligonucleotides to myc,
proteasome inhibitors and cyclin-dependent kinase
inhibitors, all of which have been used on Burkittderived cell lines in vitro. Though, none has made
its way into clinical trials60.
Future perspective
Now Burkitt initially described BL as a common
tumor among African children, it became
unforeseeable that this specialized tumor would
become an important milestone for cancer research.
This lymphoma not only covered the space between
RNA tumor virus research in animals and cytogenic
aberrations as the causes leading to development of
leukemia and other lymphomas, but also bridged the
gap between DNA and RNA tumor virus research.
Ironically, although researchers have made far
progress unraveling the actions of cellular
protooncogenes like c-myc as well as the biology
and molecular biology of EBV, the contribution of
EBV molecularly to the pathogenesis of BL is still
far from being understood. Another problem is the
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lack of an appropriate experimental system in which
the pathogenesis of BL can be imaged. It is of high
importance to identify the cellular and/or viral target
genes in other to elucidate the function of the viral
microRNAs. To understand the oncogenic ability of
EBNA1 and the EBERs, either alone or together
with a c-myc gene activated, transgenic models have
not yet been fully experimented on. For one to rule
out the position effects of the transgene and
activate c-myc candidate genes in germinal
center B cells directly, one must use a
conditionally inducible (as well as conditionally
reversible) transgenic knock-in models in mice.
The discovery of the novel form of Wp latency in
BL cells in vivo is a critical step forward regarding
the role of EBV in BL. Now, it is of high importance
to correlate the different subtypes of viral latency,
their prognosis and responses to chemotherapy. If
any subtype of viral latency surely correlates with
the clinical presentation, this will be a deﬁnitive
proof that EBV is relevance in BL development in
vivo.
References:1. Langdon WY, Harris AW, Cory S, Adams JM. The
c-myc oncogene perturbs B lymphocyte
development in E-mu-myc transgenic mice. Cell
1986;47:11–18.
2. Kovalchuk AL, Qi CF, Torrey TA, Taddesse-Heath
L, Feigenbaum L, Park SS, Gerbitz A, Klobeck G,
Hoertnagel K, Polack A, Born- kamm GW, Janz S,
et al. Burkitt lymphoma in the mouse. J Exp
Med2000;192:1183–90.
3. Zhu D, Qi CF, Morse HC, III, Janz S, Stevenson FK.
Deregulated expression of the Myc cellular
oncogene drives development of mouse ‘‘Burkittlike’’ lymphomas from naive B cells. Blood
2005;105:2135–7.
4. Kempkes B, Spitkovsky D, Jansen-Durr P, Ellwart
JW, Kremmer E, Delecluse HJ, Rottenberger C,
Bornkamm GW, Hammerschmidt W. B-cell
proliferation and induction of early G1-regulating
proteins by Epstein-Barr virus mutants conditional
for EBNA2. Embo J 1995; 14:88–96.
5. Polack A, Hortnagel K, Pajic A, Christoph B, Baier
B, Falk M, Mautner J, Geltinger C, Bornkamm GW,
Kempkes B. c-myc activation renders proliferation
of Epstein-Barr virus (EBV)-transformed cells
independent of EBV nuclear antigen 2 and latent
membrane protein 1. Proc Natl Acad Sci USA
1996;93:10411–16.
6. Henle W, Diehl V, Kohn G, zur Hausen H, Henle G.
Herpes-type virus and chromosome marker in

normal leukocytes after growth with irradiated
Burkitt cells. Science 1967;157:1064–5.
7. Pope JH, Horne MK, Scott W. Transformation of
foetal human keukocytes in vitro by ﬁltrates of a
human leukaemic cell line containing herpes-like
virus. Int J Cancer 1968;3:857–66.
8. Counter CM, Botelho FM, Wang P, Harley CB,
Bacchetti S. Stabilization of short telomeres and
telomerase activity accompany immortalization of
Epstein-Barr
virus-transformed
human
B
lymphocytes. J Virol 1994;68:3410–4.
9. Zur Hausen H, Schulte-Holthausen H, Klein G,
Henle W, Henle G, Clifford P, Santesson L. EBV
DNA in biopsies of Burkitt tumours and anaplastic
carcinomas of the nasopharynx. Nature 1970;228:
1056–8.
10. Zur Hausen H, Schulte-Holthausen H. Presence of
EB virus nucleic acid homology in a ‘‘virus-free’’
line of Burkitt tumour cells. Nature 1970;227:245–
8.
11.Booth K, Burkitt DP, Bassett DJ, Cooke RA,
Biddulph J. Burkitt lymphoma in Papua, New
Guinea. Br J Cancer 1967;21:657–64
12. Ruf IK, Moghaddam A, Wang F, Sample J.
Mechanisms that regulate Epstein-Barr virus
EBNA-1 gene transcription during restricted latency
are conserved among lymphocryptoviruses of Old
World primates. J Virol 1999;73:1980–9.
13. Thorley-Lawson DA. Epstein-Barr virus: exploiting
the immune system. Nat Rev Immunol 2001;1:75–
82.
14.Araujo I, Foss HD, Hummel M, et al. Frequent
expansion of Epstein–Barr virus (EBV) infected
cells in germinal centres of tonsils from an area with
a high incidence of EBV-associated lymphoma. J
Pathol. 1999;187(3):326–330.
1.5 Klumb CE, Hassan R, De Oliveira DE, et al.
Geographic variation in Epstein–Barr virusassociated Burkitt’s lymphoma in children from
Brazil. Int J Cancer. 2004;108(1):66–70.
16. Anwar N, Kingma DW, Bloch AR, et al. The
investigation of Epstein–Barr viral sequences in 41
cases of Burkitt’s lymphoma
from
Egypt:
epidemiologic
correlations.
Cancer.
1995;76(7):1245–1252.
17. Powles T, Matthews G, Bower M. AIDS related
systemic non- Hodgkin’s lymphoma. Sex Transm
Infect. 2000;76(5):335–341.
18. Thorley-Lawson DA. Epstein–Barr virus:
exploiting the immune system. Nat Rev Immunol.
2001;1(1):75–82.

371

British Journal of Pharmaceutical and Medical Research Vol.02, Issue 01, Pg.367-373, January-February 2017

19. Rickinson A, Kieff E. Epstein–Barr virus. In:
Knipe DM, Howley PM, eds. Fields Virology. 4th
ed. Philadelphia PA: Lippincott Williams &
Williams; 2001:2576–2615.
20. Tao Q, Robertson KD, Manns A, Hildesheim A,
Ambinder RF. Epstein–Barr virus (EBV) in
endemic Burkitt’s lymphoma:molecular analysis
of
primary
tumor
tissue.
Blood.1998;91(4):1373–1381.
21. Kelly G, Bell A, Rickinson A. Epstein–Barr virusassociated Burkitt lymphomagenesis selects for
downregulation of the nuclear antigen EBNA2. Nat
Med. 2002;8(10):1098–1104.
22. Young LS, Rickinson AB. Epstein–Barr virus: 40
years on. Nat Rev Cancer. 2004;4(10):757–768.
23. Yates JL, Warren N, Sugden B. Stable replication of
plasmids derived from Epstein–Barr virus in various
mammalian cells. Nature. 1985;313(6005):812–
815.
24. Frisan T, Zhang QJ, Levitskaya J, Coram M, Kurilla
MG, Masucci MG. Defective presentation of MHC
class I-restricted cytotoxic T-cell epitopes in
Burkitt’s lymphoma cells. Int J Cancer.
1996;68(2):251–258.
25. Kennedy G, Komano J, Sugden B. Epstein–Barr
virus provides a survival factor to Burkitt’s
lymphomas. Proc Natl Acad Sci U S A.
2003;100(24):14269–14274.
26.Kurth J, Spieker T, Wustrow J, Strickler GJ,
Hansmann LM, Rajewsky K, Kuppers R. EBVinfected B cells in infectious mononucleo- sis: viral
strategies for spreading in the B cell compartment
and establishing latency. Immunity 2000;13:485–
95.
27.Tovey MG, Lenoir G, Begon-Lours J. Activation of
latent Epstein- Barr virus by antibody to human
IgM. Nature 1978;276:270–2.
28. Babcock GJ, Decker LL, Freeman RB, ThorleyLawson DA. Epstein-barr virus-infected resting
memory B cells, not proliferating lymphoblasts,
accumulate in the peripheral blood of
immunosuppressed patients. J Exp Med
1999;190:567–76.
29. Lam KM, Syed N, Whittle H, Crawford DH.
Circulating Epstein- Barr virus-carrying B cells in
acute malaria. Lancet 1991;337:876–8.
30. Moormann AM, Chelimo K, Sumba OP, Lutzke
ML, Ploutz-Snyder R, Newton D, Kazura J,
Rochford R. Exposure to holoendemic malaria
results in elevated Epstein-Barr virus loads in
children. J Infect Dis 2005;191:1233–8.

31. Karray S, Zouali M. Identiﬁcation of the B cell
superantigen-binding site of HIV-1 gp120. Proc Natl
Acad Sci USA 1997;94:1356–60.
32. Townsley-Fuchs J, Neshat MS, Margolin DH,
Braun J, Goodglick L. HIV-1 gp120: a novel viral B
cell superantigen. Int Rev Immunol 1997;14:325–
38.
33. Zouali M. B cell superantigens subvert innate
functions of B cells. Chem Immunol Allergy
2007;93:92–105.
34. Donati D, Zhang LP, Chene A, Chen Q, Flick K,
Nystrom M, Wahlgren M, Bejarano MT.
Identiﬁcation of a polyclonal B-cell acti- vator in
Plasmodium
falciparum.
Infect
Immun
2004;72:5412–18.
35.Donati D, Mok B, Chene A, Xu H, Thangarajh M,
Glas R, Chen Q, Wahlgren M, Bejarano MT.
Increased B cell survival and preferen- tial
activation of the memory compartment by a malaria
polyclonal B cell activator. J Immunol
2006;177:3035–44.
36.Chene A, Donati D, Guerreiro-Cacais AO, Levitsky
V, Chen Q, Falk KI, Orem J, Kironde F, Wahlgren
M, Bejarano MT. A molecular link between malaria
and Epstein-Barr virus reactivation. PLoS Pathog
2007;3:e80.
37.O’Connor GT. Persistent immunologic stimulation
as a factor in oncogenesis, with special reference to
Burkitt’s tumor. Am J Med 1970;48:279–85.
38.Lenoir GM, Bornkamm GW. Burkitt’s lymphoma, a
human cancer model for the study of the multistep
development of cancer: proposal of a new scenario.
In: Klein G, ed. Advances in viral oncology, vol.7.
New York: Raven Press, 1987.173–206.
39. Lowe SW, Cepero E, Evan G. Intrinsic tumour
suppression. Nature 2004;432:307–15.
40. Niller HH, Salamon D, Banati F, Schwarzmann F,
Wolf H, Minaro- vits J. The LCR of EBV makes
Burkitt’s lymphoma endemic. Trends Microbiol
2004;12:495–9.
41.Niller HH, Salamon D, Ilg K, Koroknai A, Banati F,
Bauml G, Rucker O, Schwarzmann F, Wolf H,
Minarovits J. The in vivo binding site for
oncoprotein c-Myc in the promoter for Epstein-Barr
virus (EBV) encoding RNA (EBER) 1 suggests a
speciﬁc role for EBV in lymphomagenesis. Med Sci
Monit 2003;9:HY1–HY9.
42. Lerner MR, Andrews NC, Miller G, Steitz JA. Two
small RNAs encoded by Epstein-Barr virus and
complexed with protein are pre- cipitated by
antibodies from patients with systemic lupus

372

British Journal of Pharmaceutical and Medical Research Vol.02, Issue 01, Pg.367-373, January-February 2017

erythematosus. Proc Natl Acad Sci USA
1981;78:805–9.
43. Toczyski DP, Steitz JA. EAP, a highly conserved
cellular protein associated with Epstein-Barr virus
small RNAs (EBERs). Embo J 1991;10:459–66.
44. Brady G, MacArthur GJ, Farrell PJ. Epstein–Barr
virus and Burkitt lymphoma. J Clin Pathol.
2007;60(12):1397–1402.
45. Donati D, Mok B, Chene A, et al. Increased B cell
survival and preferential activation of the memory
compartment by a malaria polyclonal B cell
activator. J Immunol. 2006;177(5): 3035–3044.
46. Masood R, Zhang Y, Bond MW, et al. Interleukin10 is an autocrine growth factor for acquired
immunodeficiency syndrome- related B-cell
lymphoma. Blood. 1995;85(12):3423–3430.
47. Boshoff C, Weiss R. AIDS-related malignancies.
Nat Rev Cancer. 2002;2(5):373–382.
48. Nakajima K, Martinez-Maza O, Hirano T, et al.
Induction of IL-6 (B cell stimulatory factor-2/IFNbeta 2) production by HIV. J Immunol.
1989;142(2):531–536.
49. Manolov G, Manolova Y. Marker band in one
chromosome 14 from Burkitt lymphomas. Nature.
1972;237(5349):33–34.
50. Zech L, Haglund U, Nilsson K, Klein G.
Characteristic chromosomal abnormalities in
biopsies and lymphoid-cell lines from patients with
Burkitt and non-Burkitt lymphomas. Int J Cancer.
1976;17(1):47–56.
51. Dalla-Favera R, Bregni M, Erikson J, Patterson D,
Gallo RC, Croce CM. Human c-myc onc gene is
located on the region of chromosome 8 that is
translocated in Burkitt lymphoma cells. Proc Natl
Acad Sci U S A. 1982;79(24):7824–7827.
52. Taub R, Kirsch I, Morton C, et al. Translocation of
the c-myc gene into the immunoglobulin heavy
chain locus in human Burkitt lymphoma and murine
plasmacytoma cells. Proc Natl Acad Sci U S A.
1982;79(24):7837–7841.
53. Kovalchuk AL, Qi CF, Torrey TA, et al. Burkitt
lymphoma in the mouse. J Exp Med.
2000;192(8):1183–1190.
54. Li Z, Van Calcar S, Qu C, Cavenee WK, Zhang MQ,
Ren B.A global transcriptional regulatory role for cMyc in Burkitt’s lymphoma cells. Proc Natl Acad
Sci U S A. 2003;100(14):8164–8169.
55. Bench AJ, Erber WN, Follows GA, Scott MA.
Molecular genetic analysis of haematological
malignancies II: Mature lymphoid neoplasms. Int J
Lab Hematol. 2007;29(4):229-260.

56. Yustein JT, Dang CV. Biology and treatment of
Burkitt’s lymphoma. Curr Opin Hematol.
2007;14(4):375–381.
57. Neri A, Barriga F, Knowles DM, Magrath IT, DallaFavera R.Different regions of the immunoglobulin
heavy-chain locus are involved in chromosomal
translocations in distinct pathogenetic forms of
Burkitt lymphoma. Proc Natl Acad Sci U S
A.1988;85(8):2748–2752.
58. Pelicci PG, Knowles DM 2nd, Magrath I, DallaFavera
R. Chromosomal
breakpoints
and
structural alterations of the c-myc locus differ in
endemic and sporadic forms of Burkitt lymphoma.
Proc Natl Acad Sci U S A. 1986;83(9):2984–2988.
59. Shiramizu B, Barriga F, Neequaye J, et al. Patterns
of chromosomal breakpoint locations in Burkitt’s
lymphoma: relevance to geography and Epstein–
Barr virus association. Blood.1991;77(7):1516–
1526.
60. Guikema JE, Schuuring E, Kluin PM. Structure and
consequences of IGH switch breakpoints in
Burkitt lymphoma. J Natl Cancer Inst Monogr.
2008;39:32–36.

373

