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Short Communication
Hepatitis B Virus Infection Associated with
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Hepatitis B virus (HBV) infection and replication
have been linked to the development of hepato-
celular carcinoma. Bone marrow-derived ceUls,
as well as mesenchymnal and epithelial ceUls, were
recently shown to support HBVreplication. We hy-
pothesize that the mechanism that links HBV in-
fection and liver tumors might also promote tu-
mor development in tissues permissive for HBV
replication. Between 1980 and 1993 we retrospec-
tively identified 22patients who were hepatitis B
surface antigen (HBsAg) carriers and had extra-
hepatic malignancies. These patients had 25 tu-
mors, of which 22 were bone marrow derived.
HBsAg was detected by immunohistochemistry
in bone marrow cels ofleukemia patient and of
3 of10 lymphoma patients. In addition, in 4 of10
patients with lymphoma, including 2 patients in
which HBsAg stained bone marrow cells, HBsAg
was also detected in the endothelial ceUls ofblood
vessels ofthe tumor tissue. These results suggest
that the identification ofan HBVgeneproduct in
endothelial ceUs mightpoint to a role ofHBV in-
fection in the development ofcertain hematopoi-
etic tumors, possibly through activation of cyto-
kines or growth factors, which may eventualy
lead to bone marrow ceU proliferationt (Am J
Pathol 1994, 145:1001-1007)

Hepatitis B virus (HBV) infection is closely associated
with the development of hepatocellular carcinoma

(HCC).1 The exact pathogenesis leading to chronic
HBV infection and HCC is only partially understood.2
Different molecular mechanisms contributing to
hepatocarcinogenesis have been proposed, includ-
ing: 1) HBV-DNA integration into genome of hepato-
cytes,3 causing genomic instability or interference
with cell cycle regulation through HBV-DNA integra-
tion into the cyclin A gene;4 2) accumulation of HBV
envelope proteins in hepatocytes, leading to hepa-
tocellular injury, inflammation, regenerative hyperpla-
sia, and progression to HCC, as shown in a trans-
genic mice model;5 3) a direct effect of HBV-encoded
proteins like the HBV-X gene product, which stimu-
lates gene expression by trans-activation,6 as re-
cently reported for protein kinase C, which plays a key
role in cellular signal transduction.7 The relevance
and significance of each of these molecular pro-
cesses for the development HCC is still unknown.

Recent advances in the molecular biology of HBV
have identified viral DNA, RNA, or proteins not only in
hepatocytes, but also in a number of extrahepatic
sites, such as lymphoblastoid cells, lymph nodes, bile
ducts, and vascular elements in the liver.6-11 In ad-
dition, we have recently shown that transfected HBV-
DNA as well as other members of the hepadnaviruses
family, such as the duck HBV, replicate in nonliver
epithelial and mesenchymal cells.12 Such extrahe-
patic sites may play an important role in the natural
course of HBV infection.

Tropism of hepadnaviruses, including HBV, to he-
matopoietic cells,13 nonliver epithelial cells,14 and
mesenchymal cells15 and the permissiveness of
these extrahepatic cells for viral replication might also
promote tumor development in these cells and tis-
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sues. To address this hypothesis, we have analyzed
nonliver-related tumors for the presence of HBV in-
fection.

Materials and Methods

Patients

Through the institutional computerized registry sys-
tem, we have searched retrospectively for patients
with nonliver-related primary tumors hospitalized be-
tween the years 1980 and 1993 who were tested for
HBV infection. Forty-four patients with HBV infection
markers were identified, of whom 22 were excluded
from the study because their HBV status was un-
known before the tumor diagnosis. Table 1 shows the
oncological diagnosis of the 22 patients of the study
group.

Immunohistochemistry

Paraffin-embedded tissues were cut into 4- to 6-p
thick sections, deparaffinized in xylene and alcohol,
and placed for 15 minutes in alcohol-H202 for block-
ing endogenous peroxidase. Slides were thoroughly
washed with tap water and transferred to phosphate-
buffered saline (PBS). Sections were then treated with
bovine serum albumin to prevent background stain-
ing and incubated for 1 hour with a primary murine
antihepatitis B surface antibody (Zymed Laborato-
ries, Inc., San Francisco, CA) at room temperature in
a humidified chamber. Slides were rinsed with PBS for
3 minutes and incubated with the biotinylated-linked
goat anti-mouse antibody for 30 minutes and with the
labeling reagent, peroxidase-conjugated streptavi-
din, for 30 minutes (Biogenex StrAvigen, San Ramon,
CA). After rinsing, the peroxidase label was demon-
strated using 3-amino-9-ethylcarbazol (AEC) for 15
minutes and counterstained with Mayer hematoxylin.
AEC produced a red product that is soluble in alcohol
and is used with an aqueous mounting medium (Kai-
ser's glycerol gelatin). A negative control was run
using the same technique but omitting the primary
antibody and adding the streptavidin-biotin complex.
For each tumor in the study group stained for hepatitis
B surface antigen (HBsAg), a matched tumor from a
patient without HBV markers was stained as a nega-
tive control. Endothelial cells were stained for factor
Vill with rabbit anti-human factor VIII-related antigen
(Dako, Glostrup, Denmark) as a primary antibody, fol-
lowed by incubation with peroxidase-conjugated
goat anti-rabbit (Jackson Immunoresearch, West
Grove, PA) second antibody incubation.

Analysis of HBV-Related Antigens in the
Serum

The sera of patients was stored at -20 C then thawed
and analyzed for HBsAg with an enzyme-linked im-
munoassay kit (Ausria; Abbott Laboratories, Abbott
Park, IL) and HBV c/e antigen (HBeAg) with a radio-
immunoassay (Abbott Laboratories).

HBV-DNA Analysis

In Tissue

Presence of HBV-DNA sequences in tumor tis-
sue was assessed by methods previously de-
scribed.16-19 Briefly, formalin-fixed, paraffin-
embedded tissue sections were cut from the original
paraffin block with a razor blade and approximately
12 mg tissue was inserted into 1.5 ml of microfuge
tube. The paraffin sections were extracted twice with
xylene for 5 to 10 minutes at 55 C to remove paraffin,
followed by two washes with 100% ethanol to remove
xylene. The tissue was digested for 2 hours at 55 C
in 500 pl STE (10 mmol/L Tris Cl, pH 7.5, 10 mmol/L
NaCI, and 1 mmol/L EDTA) containing 500 pg pro-
teinase K (Boehringer Mannheim, Mannheim, Ger-
many) per ml and 1% sodium dodecyl sulfate. After
phenol extraction and ethanol precipitation, the DNA
species were fractionated through a 1.25% agarose
gel, transferred to a Nytran membrane (Schleicher &
Schuell, Dassel, Germany), and hybridized with a full-
length HBV-DNA probe 32p labeled by random prim-
ing. Prehybridization and hybridization were con-
ducted according to Sambrook et al.20

For the preparation of genomic DNA from 6 x 107
peripheral blood nucleated cells, DNA was extracted
using a salting out procedure,21 precipitated, di-
gested, and fractionated as described for the DNA
extracted from the paraffin blocks.

Polymerase chain reaction (PCR) was performed
on extracted DNA in a 50 pl reaction mixture contain-
ing (final concentration) 50 mmol/L KCI, 10 mmol/L
Tris-HCI (pH 8.3), 2.5 mmol/L MgCI2, 2.5 mmol/L of
each dNTP, 2.5 U Taq polymerase (Promega, Madi-
son, WI), and 50 ng of each primer. PCR was per-
formed with HBV core and envelope sequence prim-
ers. Primers (nucleotide number starts at EcoRI site):
core sense (map position 1776 to 1804 5'-GGAG-
GCTGTAGGCATAAATTGGTCTGCGC-3'), core anti-
sense (map position 2439 to 2401 5'-CCCGAGATT-
GAGATCTTCTGCGACGCGGCGATTGAGACC-3'),
envelope sense (map position 2819 to 2847 5'-
TGGAGCTCACCATATTCTTGGGAACAAGA-3'),
envelope antisense (map position 850 to 823 5'-GTA-
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AGCTTAGGGTTTAAATGTATACCCA-3'). The reac-

tion was conducted in 35 cycles of 94 C for 1 minute,
55 C for 1 minute, and 72 C for 1 minute, with a 10-
minute extension step at 72 C at the end. Ten micro-
liters of the products were analyzed by electrophore-
sis in 2% agarose gel stained with ethidium bromide
and visualized under ultraviolet light.

In Serum

HBV-DNA sequences in the serum were detected
by dot blot hybridization22 and PCR performed on

DNA extracted from 200 to 500 pi of serum using the
core primers in a similar method as described for PCR
on DNA extracted from paraffin blocks.

Results
Twenty-two patients with 25 tumors were studied.
Nine patients had leukemia; four of these had leuke-

mic cells in the peripheral blood during the study pe-

riod. Ten patients had lymphoma, seven non-

Hodgkin's lymphoma, one Hodgkin's lymphoma, one

Burkitts' lymphoma, one immunoblastic lymphoma,
one had malignant histiocytosis, and one had Castel-
man's disease (Table 1). Two patients had nonhema-
topoietic tumors (gallbladder carcinoma and Kapo-
si's sarcoma in one and vocal cord polyp in the other).
One patient with lymphoma subsequently developed
leukemia several years later.

All patients were HBsAg positive before and at the
time of tumor diagnosis. Serum was available for
analysis of viral replication in 19 patients of whom 10
had evidence for active viral replication, as detected
by HBeAg and/or HBV-DNA sequences as assessed
by dot blot and confirmed by PCR. HBV-DNA as

measured by dot blot hybridization was not identified
in leukemic cells or solid tumors in 4 and 10 patients,
respectively. However, HBsAg was detected by im-
munohistochemistry in endothelial cells within tumor

Table 1. HBVInfection In Nonliver-Related Tumors

Serum HBV Infection Markers
Patient Tumor HBV DNA HBV DNA HBsAg staining
No. Histology HBsAg HBeAg Dot Blot PCR of Tumor

1 Burkitts lymphoma + + + + Lymph node: negative
2 Acute promyelocytic leukemia + + + + Bone marrow and peripheral blood

cells: negative
Megakaryocytes are stained false positive

3 Malignant histocytosis + + + - Lymph node: NA
4 Non-Hodgkin's lymphoma + - - - Lymph node: negative
5 Non-Hodgkin's lymphoma + - + + Lymph node: positive in lymphocytes

Bone marrow: positive in lymphoid lineage
cells

6 Non-Hodgkin's lymphoma + - + NA Lymph node: negative
Kaposi's sarcoma Blood vessels: positive in endothelial

cells
Gallbladder carcinoma Carcinoma epithelial cells are stained

false positive
Chronic lymphatic leukemia Bone marrow: negative

7 Erythroleukemia + NA NA NA Bone marrow: negative
8 Acute myeloid leukemia + - - - Bone marrow: negative
9 Castleman's disease + + - - Lymph node: negative
10 Non-Hodgkin's lymphoma + NA NA NA Tonsil: negative
11 Immunoblastic lymphoma + - + - Bone marrow: positive in lymphoid lineage

cells
Lymph node: positive in endothelial cells
Brain metastasis: positive in endothelial

cells
12 Non-Hodgkin's lymphoma + - - - Bone marrow: positive in lymphoid lineage

cells
13 Non-Hodgkin's lymphoma + + + + Tonsil: negative

Bone marrow: negative
14 Vocal cord polyp + - - NA Polyp: NA
15 Acute lymphocytic leukemia + - + + Bone marrow: NA
16 Acute myeloid leukemia + NA NA NA Bone marrow: NA
17 Hodgkin's lymphoma + - - - Lymph node: positive in endothelial cells
18 Acute myeloid leukemia + - - - Bone marrow: positive in lymphocytes
19 Acute myeloid leukemia + NA NA NA Bone marrow: NA
20 Polycytemia vera + - - - Bone marrow or peripheral blood: NA
21 Non-Hodgkin's lymphoma + - - - Spleen: positive in endothelial cells
22 Chronic lymphatic leukemia + + + NA Bone marrow: NA

NA, not available.
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blood vessels in 4 of 10 patients with lymphoma as
shown in Figure 1. The phenotype of endothelial cells
was confirmed through factor VIII staining. In HBsAg-
positive endothelial cells, immunostaining was scat-
tered within the cytosol near the nucleus. Further-
more, HBsAg was also detected in the bone marrow
cells of 1 of 5 patients with leukemia and in lymphoma
tumor cells in 2 of 10 samples tested. By applying
PCR for HBV-DNA we were not able to show viral se-
quences in any of these cases, which were exposed
in most cases to picric acid or mercuric chloride-
containing fixatives.

Discussion
Hematopoietic cells that are permissive for HBV rep-
lication are probably the major extrahepatic site for
hepatitis B virion production.8'23 The bone marrow is

therefore considered as the main reservoir for HBV
outside the liver and may be responsible for reinfec-
tion of engrafted livers in patients with HBV infection
who undergo liver transplantation.24'25 HBV tran-
scripts and gene products have previously been
identified in bone marrow cells and endothelial cells
inside the liver and in extrahepatic blood vessels. 10'26
HBV infection has also been found to be more preva-
lent in patients with lymphoma and leukemia. Wands
et a127 studied 85 patients with hematological malig-
nancies and found that the carrier rates for HBsAg
and anti-HBsAg among these patients were much
higher than in the general population. These results
were recently confirmed by a study from Japan.28 In
addition, HBV sequences were found in bone marrow
cells of children who were HBsAg carriers before the
diagnosis of acute leukemia.29 This study further con-
firms the above reports, because in our retrospective

Figure 1. Immunohistochemical detection of
HBsAg. a: Brain metastasis from patient 11
with immunoblastic lymphoma, HBsAg is
stained in red (x200). b: Spleen from patient
21 with non-Hodgkin's lymphoma (X 200).
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search for patients with extrahepatic tumors and HBV
infection, we identified 22 patients of whom 90% had
hematopoietic malignancies in association with an
HBsAg carrier state. HBsAg was identified in endo-
thelial cells of 4 of 10 patients, as well as in lymphoid
lineage bone marrow cells in 1 leukemic and 2 lym-
phoma patients. HBV-DNA was not detected in the
biopsy material used for extraction by applying dot
blot hybridization technique and PCR for core and
envelope sequences. However, the presence of low
level free cytosolic or integrated forms of viral DNA in
the extrahepatic sites tested has not been excluded
in view of the small samples size available, possible
PCR inhibitors, and DNA strand nicking in tissue fixa-
tive chemicals.30

The association between HBV infection and HCC
has been known for more than two decades.31 The
detection of HBV gene products in endothelial cells of
hematopoietic tumors may suggest that HBV has a
role in hematopoietic tumorogenesis, regardless of its
role in hepatocarcinogenesis as we have previously
suggested.32 Several arguments may be used to sup-
port such an hypothesis. HBV-DNA sequences were
previously detected in vascular elements in livers of
HBV-infected patients, and furthermore, free HBV-
DNA sequences were detected in endothelial cells of
Kaposi's sarcoma from a patient chronically infected
with HBV.33

Vascular endothelium has been shown to elaborate
growth factors that participate in normal hematopoi-
esis.3435 The production of hematopoietic growth
factors by vascular endothelial cells is not constitu-
tively produced in significant quantities but could be
induced by certain viruses.36 The ability of cancer
cells to respond to growth factors has become a cen-
tral concept linking oncogenes to growth factors and
tumor propagation.37 Transformation of cells by Molo-
ney, Harvey, or Kirsten viruses involves the release
into culture medium of transforming growth factor-a
(TGF-a), TGF-13, and platelet-derived growth factor,
which leads to progression of tumor cells by auto-
crine38 or paracrine effects. TGF-a elicits its potent
mitogenic effect through the interaction with epider-
mal growth factor receptor (EGF-R).39 In a similar way
it has recently been shown that the HBV-X gene prod-
uct (pX) increases the expression of EGF-R gene
product.40 pX has been identified in the serum of pa-
tients with HBV and HCC and it has been suggested
that it may play a role in promoting tumor growth pos-
sibly via a paracrine effect.41

Taking all this data together, it might be possible
that HBV infection of endothelial cells may serve as a
trigger for expression, production, or release of he-
matopoietic tumor growth factors, which will stimulate

cell proliferation. Such a mechanism has previously
been suggested for other viruses expressing trans-
activating proteins such as HTLV-1, which is recog-
nized as an etiological agent for T cell leukemia/
lymphoma.42 The HTLV-1-associated Tax trans-
activating protein has an homology with the HBV X
protein and therefore a common mechanism may ex-
ist for the two viruses.

In conclusion, the preliminary data described in
this study suggests that HBV infection may play a role
in hematopoietic malignancies. This hypothesis is
now being evaluated in vitro in transfection experi-
ments of endothelial cell lines with HBV constructs,
assessing the effect of the virus on cellular gene prod-
ucts that might enhance hematopoietic tumor growth.
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