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Kaposi sarcoma–associated herpesvirus (KSHV) can establish latent infec-
tion in host cells. The latently infected cells can survive and proliferate
with a few viral genes expressed. However, in some Kaposi sarcoma cells,
KSHV undergoes a productive life cycle and causes cell lysis. A new study
(see the related article beginning on page 124) demonstrates that, after
KSHV infection or introduction of viral plasmids into host cells, viral
DNA is rapidly lost. Lytic virus production with ensuing infections could
balance the loss of the viral plasmids to maintain the virus in cancer cells.
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Tumor viruses cause at least 15% of
human cancers. These oncogenic
viruses have been identified by the
retention of their genomes in precur-
sors to tumor cells and in frank tumor
cells. Two members of the herpesvirus
family, Kaposi sarcoma–associated
herpesvirus (KSHV) and Epstein-Barr
virus (EBV), are human oncogenic
viruses. Herpesviruses kill infected
host cells during the production of
progeny virus; the generation of virus

would have to be avoided in order for
infected cells to be sustained as
tumors. KSHV and EBV cause several
human lymphomas, and these tumor
cells conform to our expectations: the
tumor cells maintain the viral DNA
extra-chromosomally, they express few
viral genes, they rarely support virus
production, and thus they are classi-
fied as being infected latently. Howev-
er, KSHV-associated Kaposi sarcoma
(KS), the cancer for which this virus is
named, does not so obviously conform
to our expectations. Instead, lytic repli-
cation of KSHV is usually found in
some cells within KS lesions.

KS lesions contain both spindle-
shaped endothelial cells that are
latently infected with KSHV as well as
cells that support the production of
progeny virus. In this issue of the JCI,
Grundhoff and Ganem document a
striking feature of infection with
KSHV, which may provide part of the
reason for the lytic replication KSHV
undergoes in some cells of KS lesions
(1). The authors exposed multiple
human and murine cell lines and a pri-
mary human endothelial cell strain to
KSHV and showed that cells are infect-
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work is needed to address the safety and
efficacy of this agent for the treatment of
specific human diseases. At the very
least, perhaps we should avoid mouth-
wash and feel slightly less guilty about
eating hot dogs at the ball park.
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ed via expression of latency-associated
nuclear antigen 1 (known as LANA1),
the viral protein that is required for
viral DNA replication. They found
that the infected, proliferating cells
lost the virus within several days and
up to 3 weeks after initial infection.
The initially infected endothelial cells
also rapidly lost their spindle shape.
One cell line derived from KS and one
fibroblast cell line maintained latent
infections in approximately 10% of
cells. The authors explored the mech-
anism of this general loss of the viral
plasmid and infection by analyzing
KSHV-infected cells. They also exam-
ined the fate of transfected plasmid
replicons derived from KSHV, which
contain the viral DNA replication ori-
gin (terminal repeat), with the expres-
sion of LANA1 in cis or in trans.
Although these plasmids did replicate,
they, like intact KSHV, were rapidly
lost from most proliferating cells.
These findings parallel those made
with plasmid replicons derived from
EBV (2), which are also initially rapid-
ly lost from cells, although the plas-
mids themselves replicate. The tradi-
tional selection for plasmids that

encode resistance to drugs has proba-
bly obscured this common, initial,
rapid loss and explains our late recog-
nition of this event.

Viruses such as KSHV and EBV,
which maintain themselves extra-chro-
mosomally in infected, proliferating
cells, are lost from those cells unless
they provide a selective growth or sur-
vival advantage. The work of Grund-
hoff and Ganem indicates that infec-
tion of multiple cell types generally
leads to the loss of KSHV, showing
that under these conditions KSHV
fails to provide these proliferating cells
with a selective advantage over unin-
fected cells (1). This observation may
explain the difficulties researchers
have had previously in documenting
infection of cell lines with KSHV. In
contrast, EBV can at least provide rest-
ing cells a selective advantage. Upon
infecting primary B lymphocytes, EBV
induces and maintains cell prolifera-
tion and is accordingly retained in the
proliferating cells. The selective advan-
tages that KSHV provides KS are now
being assessed. Clearly, a fraction of
two cell lines infected with KSHV
retains the viral genome, indicating

that in culture, KSHV does provide
these cells with a selective advantage.

A possible contribution of the lytic
cycle to oncogenesis
Grundhoff and Ganem propose that
the rapid loss of KSHV from infected
cells that they have observed in vitro
likely occurs in endothelial cells in vivo
and may be one reason for the frequent
productive infection observed in spin-
dle cells within KS lesions: new viruses
would be required to recruit newly
infected cells to the lesion (1). This
proposition is consistent with the
recent work of Ciufo et al. (3), who have
found that KSHV infection of primary
dermal microvascular endothelial cells
yielded mixtures of latently infected
spindle-shaped cells and small popula-
tions of productively infected cells (3).
The virus released by the latter popula-
tion was able to  infect freshly added
endothelial cells in order to maintain
the mixed infected population (Figure
1). Other features of productive infec-
tion are also likely to contribute to KS.
Viral genes thought not to be expressed
during latent infection, based on analy-
ses of KSHV-positive lymphoma cells,
may be pivotal for the proliferation of
KSHV-infected endothelial cells. KSHV
G protein–coupled receptor (vGPCR),
which is expressed early in productive
infection, is one such viral gene. By
itself, vGPCR can immortalize human
primary endothelial cells and induce
KS-like lesions in a mouse (4, 5).

A traditional hallmark of her-
pesviruses has been their latent infec-
tion, a relationship between the virus
and host cell in which infected cells
survive and the virus persists with lit-
tle expression of its genes and without
the production of progeny virus. The
generality of this paradigm may be
waning as the relationships between
new herpesviruses and host cells are
elucidated. Analysis of KSHV infection
of endothelial cells has indicated that
these cells may transition readily from
latent to productive infection and that
these transitions likely contribute to
the pathogenesis of KS.
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Figure 1
A model to explain one potential role for productive infections by KSHV in KS lesions. (I)
KSHV (shown as an enveloped iscosahedral core) can infect cuboidal endothelial cells and
(II) induce a spindle-shaped morphology in these cells. These infected spindle-shaped cells
can proliferate, lose KSHV rapidly, and (III) revert to uninfected, cuboidal cells. (IV) The spin-
dle-shaped cells also can support production of KSHV. (V) The released KSHV can infect
more cells, inducing the change to the spindle shape and maintenance of the infected lesion.
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East meets West: an herbal tea 
finds a receptor
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Jaundice, which is caused by accumulation of bilirubin, is extremely common
in newborn infants. Phototherapy is an effective treatment, but a drug ther-
apy would also be desirable. A Chinese herbal remedy for jaundice called Yin
Zhi Huang is now shown to activate a liver receptor that enhances the clear-
ance of bilirubin (see the related article beginning on page 137). This discov-
ery could lead to improved pharmaceutical treatments for neonatal jaundice.
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Table 1
Components of herbal remedies that target nuclear receptors

Therapy Indication Compound Receptor Reference
Rhei rhizomaA Prostate cancer Lindleyin ER 17
Ginseng Stress Ginsenoside-Rg1 ER 18
Grapeseed/red wine Cardiovascular Resveratrol ER 9
Scutellaria baicalensisB Prostate cancer Baicalein AR 19
Dioscorea villosaC Menopause Diosgenin PR 20
Longmu Zhuanggu Chongji Rickets Vitamin D2 VDR 21
Xiao Chai Hu Tang Leukemia Retinoic acid RAR 22
Guggul tree resin Lipid disorder Guggulsterone FXR 23
Pseudolarix kaempferi Fungal infection Pseudolaric acid B PPARα 24
Hypericum perforatumD DepressionE Hyperforin PXR 25
Artemisia capillarisF Jaundice Dimethylesculetin CAR 15
Soy Menopause Genistein ER, AR, PR 26
LabiataeG Lipid disorders Isoprenoids PPARα/γ 27

All examples are from traditional Chinese medicine except Guggul gum (Indian Ayurvedic), Dioscorea vil-
losa (Mexican), and red wine. Note that not all examples could be listed, due to space constraints.
Although several illustrative estrogen receptor compounds are shown, there are many environmental
estrogens, which are reviewed elsewhere (27). ARhubarb. BOne of eight Chinese herbs in the herbal mix-
ture PC-SPES (whose name is derived from PC, prostate cancer, and Latin spes, meaning “hope”): Isatis
indigotica; Glycyrrhiza glabra and Glycyrrhiza uralensis (licorice); Panax pseudo-ginseng (ginseng); Ganoderma
lucidum; Scutellaria baicalensis (skull cap); Dendranthema morifolium Tzvel (chrysanthemum); Rabdosia rubescens;
and Serenoa repens (saw palmetto). CYam. DSt. John’s wort. ENuclear receptor likely involved in toxicity
rather than antidepression. FWormwood (component of Yin Zhi Huang and Yin Chin). GHerb family
including basil, rosemary, oregano, and sage. ER, estrogen receptor; AR, androgen receptor; PR, pro-
gesterone receptor; VDR, vitamin D receptor; RAR, retinoic acid receptor; FXR, farnesyl X receptor (bile
acid receptor); PXR, pregnane X receptor; CAR, constitutive androstane receptor.

Advances in Western medicine have dra-
matically increased health and life
expectancy (1). Nevertheless, over $4 bil-
lion is spent per year on herbal remedies
that are complementary or alternative to
Western-style care (2). Prescription med-
icines are usually purified molecules
whose biological target is established
and whose efficacy is endorsed by regu-
latory agencies. By contrast, herbal med-
icines often contain many ingredients
whose effects on biochemical pathways
are unknown and whose efficacy is
unproven in controlled studies. A report
in the current issue of the JCI helps to
bridge this gap. David Moore and col-
leagues (3) show the improvement of
jaundice by a Chinese herbal tea called
Yin Zhi Huang (YZH), “boiled down” to
one component that regulates the activ-
ity of a nuclear receptor previously impli-
cated in bilirubin clearance (4, 5). This
discovery provides a mechanistic ration-

ale for pursuing an ingredient in YZH as
a lead to improve upon the standard
Western treatment for fetal jaundice.

While there’s tea, there’s hope.
—Sir Arthur Pinero

Herbal remedies are often produced in
the form of tea, that is, a decoction of

dried plant leaves in boiling water. In
today’s Western world, teas serve as
beverages for enjoyment as well as for
herbal therapies. The former use has
widespread acceptance, whereas the
therapeutic use of tea is not espoused
by mainstream Western medicine,
largely because Western pharmacolo-
gy has focused on purified chemical
compounds, with defined mecha-
nisms of action, whose effectiveness
has been proven in controlled studies.
By contrast, most teas used for medic-
inal purposes are admixtures of phy-
tochemicals whose efficacy and bio-
logical target(s) are unproven by
Western standards. This can threaten
relationships between physicians
guided by the Western medical litera-
ture and millions of their patients
who opt to use teas preventively or
therapeutically for cancer, inflamma-
tory disease, and metabolic disease (6).
At the same time, Eastern remedies
may contain critical clues for disor-
ders that have been refractory to West-
ern medicine.


