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The genus Hantavirus (family Bunyaviridae) is
responsible for two different syndromes: hemor-
rhagic fever with renal syndrome (HFRS) and
h a n t av i rus pulmonary syndrome (HPS), b o t h
i m p o rtant pro blems in global public health.
Following the incubation period, HFRS is mani-
fested mainly by fever, variable degrees of circula-
tory failure, hemorrhage, and renal failure, but
symptoms demonstrating the invo l vement of
other organs and systems are also observed. In
HPS there is initially a febrile phase associated
with myalgia, headache, and malaise followed by
progressive pulmonary edema with hypotension
and hypoxemia.

Hantaviruses are maintained in nature in persist-
ently infected rodents and can also persistently
infect cultured mammalian cells, causing little or
no cytopathology. During our studies of persist-
e n c e, we unexpectedly observed cytopathic
effects (CPE) and apoptosis in hantavirus-infected
human embryonic kidney cells (HEK293). Our
initial results (A. Markotic et al., J Gen Virol 2003)
indicated that members of the TNF receptor
superfamily did not contribute to the apoptosis
that we saw in the infected HEK293 cells.

To better understand kidney immunopathology
in HFRS/HPS and the mechanisms of viral per-
sistence, it would be of great importance to iden-
tify the apoptosis pathways and factors that lead to
cytopathology. We looked for the expression of
some TNF ligands and TNF receptors that were
not tested in our previous study, bcl-2, caspases,
IAP, TRAF, CARD, death domain family mem-
bers, death effector domain family members,
CIDE domain family members, as well as genes
involved in the p53 and ATM pathways.To inves-
tigate the possible role of adhesion molecules and
extracellular matrix pro t e i n s , which may be
involved in cytopathogenicity during the interac-
tion of HFRS- and HPS-causing hantaviruses
and 293HEK cells, we looked for the expression
of various types of cell adhesion molecules (such
as the intregrins, IgG superfamily members, cad-
herins and catenins, and selectins) as well as extra-
cellular matrix proteins, proteases (such as the
matrix metalloproteinases and the serine and cys-
teine proteinases) and their inhibitors.

We used Focused Gene Expression cDNA Array
Analysis (GEArr ay s , S u p e r A rr ay Bioscience,
Frederick, MD, USA) to compare expression pro-
files of genes in RNA samples from HEK293 cells
infected with Hantaan virus,Andes virus, and Sin
Nombre virus. Two different GEArray™ were
used: GEArray Q series Human Apoptosis Gene
A rr ay and GEArr ay Q series Human
Extracellular Matrix & Adhesion Molecules Gene
Array. Selected genes were identified by RT-PCR
to verify transcriptional responses.

I n c reases in gene expression of p53, B C L 2 ,
BCL2-interacting killer (BIK), and caspase 7 in
infected cells indicated that one of the mecha-
nisms of apoptosis might involve the release of
apoptotic fa c t o rs from the mitochondri a .
Changes were also detected in cysteine cathep-
sins, which are implicated in a multitude of phys-
i o l ogical and pathophy s i o l ogical pro c e s s e s :
degradation of extracellular matrix, apoptosis, and
events of inflammatory and immune responses
etc. A lysosomal pathway, characterized by partial
rupture of lysosomal membranes, may be engaged
simultaneously with mitochondrial permeabiliza-
tion and caspase activation. The changes in gene
expression for alpha (v) beta3 integrin (vit-
ronectin receptor, receptor for pathogenic han-
taviruses) and “bridging” thrombospondin (TSP),
together with several metalloproteinases (MMP1,
MMP2, MMP3, MMP13, and MMP24) and their
inhibitors, which are critical modulators of extra-
cellular matrix (ECM), may be involved in apop-
tosis. Metalloproteinases are known specifically to
degrade ECM components such as fibronectin,
vitronectin, and laminin.

Our findings at the gene expression level indi-
cated that the mechanisms of apoptosis in
HEK293 cells induced by hantaviruses are the
result of the complex interplay among various
molecules.

We have presented evidence that one of the
mechanisms of apoptosis may involve the release
of factors from the mitochondria. It is also possi-
ble that lysosomal rupture precedes and is neces-
sary for the activation of the mitochondrial
pathway of cell death.

A d d i t i o n a l l y, s everal important adhesion and
extracellular matrix molecules may play roles in
hantavirus-induced apoptosis in HEK293 cells.
We also would like to highlight the importance of
matrix metalloproteinases and their inhibitors,
whose role in the immunopathogenesis of han-
taviruses is shown here for the first time.

Further in vitro experiments should confirm the
mechanisms of apoptosis at the gene expression
level. Additionally, some of our findings direct us
towards further clinical studies among HFRS and
HPS p a t i e n t s,e s p e c i a l l y focused on kidney d i s o rd e rs.

An understanding of the mechanisms leading to
apoptosis in HEK293 cells infected with HFRS-
and HPS-causing viruses may yield to improved
approaches to control the immunopathogenesis of
kidney disorders, especially in HFRS. Addition-
ally, it may also improve our understanding of the
mechanisms of the persistence and pathogenesis
of hantaviral infections in general.v
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