Carcinogenic agents and their cellular interactions
carcinogenesis. For example, when human keratinocytes
are transfected with DNA from HPV types 16, 18, or 31 in
vitro, they are immortalized but do not form tumors in
experimental animals. Co-transfection with a mutated RAS
gene results in full malignant transformation. In addition
to such genetic co-factors, HPV in all likelihood also acts
in concert with environmental factors. These include cigarette smoking, coexisting microbial infections, dietary deficiencies, and hormonal changes, all of which have been
implicated in the pathogenesis of cervical cancers. A high
proportion of women infected with HPV clear the infection
by immunologic mechanisms, but others do not, some for
unknown reasons, some because of acquired immune
abnormalities, such as those that result from HIV infection.
As might be expected, women who are coinfected with
high-risk HPV types and HIV have an elevated risk of
cervical cancer.
Epstein-Barr Virus. EBV, a member of the herpesvirus
family, has been implicated in the pathogenesis of several
human tumors: the African form of Burkitt lymphoma;
B-cell lymphomas in immunosuppressed individuals
(particularly in those with HIV infection or undergoing
immunosuppressive therapy after organ or bone marrow
transplantation); a subset of Hodgkin lymphoma; nasopharyngeal and some gastric carcinomas; and rare forms of
T-cell lymphoma and natural killer (NK) cell lymphoma.
The most common EBV-associated tumors are those
derived from B cells and nasopharyngeal carcinoma;
other EBV-associated neoplasms are discussed elsewhere
in this book.
EBV infects B lymphocytes and possibly epithelial cells
of the oropharynx. The virus uses the complement receptor
CD21 to attach to and infect B cells. The infection of B cells
is latent; that is, there is no viral replication and the cells
are not killed. However, B cells latently infected with EBV
express viral proteins that result in the ability to propagate
indefinitely in vitro (immortalization). The molecular basis
of B-cell proliferation induced by EBV is complex, but as
with other viruses it involves the “hijacking” of several
normal signaling pathways. One EBV gene, latent membrane protein-1 (LMP-1), acts as an oncogene, in that its
expression in transgenic mice induces B-cell lymphomas.
LMP-1 behaves like a constitutively active CD40 receptor,
a key recipient of helper T-cell signals that stimulate B-cell
growth (Chapter 6). LMP-1 activates the NF-κB and JAK/
STAT signaling pathways and promotes B-cell survival
and proliferation, all of which occur autonomously (i.e.,
without T cells or other outside signals) in EBV-infected B
cells. Concurrently, LMP-1 prevents apoptosis by activating BCL2. Thus, the virus “borrows” normal B-cell activation pathways to expand the pool of latently infected cells.
Another EBV gene, EBNA-2, encodes a nuclear protein that
mimics a constitutively active Notch receptor. EBNA-2
transactivates several host genes, including cyclin D and
the SRC family of proto-oncogenes. In addition, the EBV
genome contains a gene encoding a viral cytokine, vIL-10,
that was “borrowed” from the host genome. This viral
cytokine can prevent macrophages and monocytes from
activating T cells and is required for EBV-dependent
transformation of B cells. In immunologically normal
individuals, EBV-driven polyclonal B-cell proliferation
in vivo is readily controlled, and the individual either
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Figure 7-46 Possible evolution of EBV-induced Burkitt lymphoma.

remains asymptomatic or develops a self-limited episode
of infectious mononucleosis (Chapter 8). Evasion of the
immune system seems to be a key step in EBV-related
oncogenesis.
Burkitt lymphoma is a neoplasm of B lymphocytes that
is endemic in central Africa and New Guinea, areas where
it is the most common childhood tumor. A morphologically identical lymphoma occurs sporadically throughout
the world. The association between endemic Burkitt lymphoma and EBV is quite strong (Fig. 7-46):
• More than 90% of African tumors carry the EBV
genome
• One hundred percent of the patients have elevated antibody titers against viral capsid antigens
• Serum antibody titers against viral capsid antigens are
correlated with the risk of developing the tumor
Although EBV is intimately involved in the causation of
Burkitt lymphoma, several observations suggest that additional factors are also involved. (1) EBV infection is not
limited to the geographic locales where Burkitt lymphoma
is found; in fact, it is a ubiquitous virus that infects almost
all humans worldwide. (2) The EBV genome is found in
only 15% to 20% of sufferers of Burkitt lymphoma outside
Africa. (3) There are significant differences in the patterns
of viral gene expression in EBV-transformed (but not
tumorigenic) B-cell lines and Burkitt lymphoma cells. Most
notably, Burkitt lymphoma cells do not express LMP-1,
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