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what genes regulated by PPARγ are antago-
nistic to osteoblast differentiation?

PPARγγ and osteoporosis:
from bench to clinic
Agents currently approved for treatment of
osteoporosis act largely by inhibiting bone
resorption. These include hormone
replacement therapy, calcium and vitamin
D supplementation, and bisphosphonate-
based drugs (alendronate sodium/Fos-
amax and risedronate/Actonel) (11). The
only exception is the recently approved
parathyroid hormone (PTH)-derived pep-
tide Forteo, which can stimulate bone for-
mation. However, significant disadvan-
tages exist for PTH treatment. For example,
sustained exposure to elevated PTH levels
results in net bone loss, so intermittent
exposure by daily injection is necessary
(12). New medicines that promote bone
formation/osteoblastogenesis with fewer
side effects could have great utility in the
treatment of osteoporosis.

The findings of Akune et al. suggest that
aspects of the PPARγ pathway might be
amenable to pharmacologic intervention in
osteoporosis (10). One possibility raised by
the authors is the use of PPARγ modulators
or antagonists. Some support for this idea
comes from a recent study that identified
12/15-lipoxygenase as a susceptibility gene
for bone mineral density in mice (13). The
authors of this study hypothesized that

PPARγ may be involved in these effects,
since 12/15-lipoxygenase is capable of gen-
erating PPARγ ligands from linoleic/arachi-
donic acids and oxidized LDL (14, 15).
However, the use of PPARγ
modulators/antagonists for osteoporosis
needs to be approached with caution given
the critical role of PPARγ in mammalian
physiology. Thiazolidinediones, a class of
synthetic PPARγ agonists, are currently
used to treat type 2 diabetes. The possibili-
ty that an antagonist to PPARγ might exac-
erbate insulin resistance, particularly in
susceptible individuals, needs to be care-
fully considered. In the case of the estrogen
receptor, it has been possible to identify
compounds that have tissue-specific
actions on a nuclear receptor. A bone-selec-
tive PPARγ modulator, in this case an
antagonist, may be required to exploit
PPARγ as a target in osteoporosis.
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Risk stratification in prostate cancer remains a significant clinical challenge.
A study in this issue of the JCI describes an exciting application of high-
throughput functional genomic technology to further refine our under-
standing of treatment failure risk in prostate cancer patients (see the related
article beginning on page 913).

Since Walsh and Donker first described
the pelvic anatomy that allowed for the
development of the nerve-sparing anatom-
ic radical prostatectomy in 1982, the mor-

bidity associated with the surgical treat-
ment of clinically localized prostate cancer
has decreased substantially (1). The subse-
quent advent of prostate-specific antigen
(PSA) screening has led to a substantial
stage migration in newly diagnosed ade-
nocarcinoma of the prostate, and this has
resulted in a higher likelihood of surgical
cure. Despite these therapeutic advances,
our ability to accurately predict the risk of
treatment failure for an individual patient

with prostate cancer remains limited. The
current tools we utilize to guide critical
decisions, such as whether or how aggres-
sively to treat prostate cancer, are based on
serum PSA levels, biopsy Gleason score,
and clinical stage. Despite the incorpora-
tion of powerful multifactorial nomo-
grams into our decision process, the abili-
ty to predict individual patient outcome
remains limited (2, 3).

Novel prognostic indicators
In this issue of the JCI, a report by Glinsky
et al. attempts to advance our under-
standing and ability to stratify the risk of
treatment failure for patients with local-
ized prostate cancer undergoing radical
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prostatectomy (4). Relying on the enor-
mous power of recent advances in func-
tional human genomics, Glinsky et al.
have analyzed the gene expression profiles
of human prostate cancer samples in a
total of 100 different tumors. The authors
screened 21 patients for 12,625 gene tran-
scripts to identify genes that would pre-
dict relapse-free survival following radical
prostatectomy using the Affymetrix
GeneChip system. Subsequently, using a
smaller set of highly discriminating five-
gene clusters, they were able to predict
clinical outcome in a larger validation set
of 79 patients.

This study represents the largest clinical
series of genomic classification in prostate
cancer published to date using a high-
throughput functional human genomic
technique. The virtually unlimited power
of microarray technology to discriminate
minute genetic differences in clinical spec-
imens has the potential to revolutionize
the power of clinicians to accurately iden-
tify high-risk groups of patients (5). How-
ever, several potential drawbacks in the
current study should be noted. First, this
study was performed using the postopera-
tive radical prostatectomy specimen as the
tissue source. This is likely due to the
greater ease of tissue acquisition in this
setting. In order to best assist in clinical
decision making, predictive information
should be available prior to definitive

treatment. This would require DNA anal-
ysis of transrectal ultrasound–guided
biopsy material. This approach is subject
to the unavoidable risk of biopsy sampling
error due to the known heterogeneity of
multifocal prostate cancer. This hetero-
geneity is currently manifested by assess-
ments of variability of Gleason Score with-
in a given tumor. It remains to be
determined whether distinct foci of cancer
within a given tumor will have similar or
different genetic profiles. The postopera-
tive risk stratification utilized in the cur-
rent study is only able to assist in choos-
ing patients in need of early adjuvant
therapy or closer follow-up.

Statistical analysis
In addition, although the authors present
a detailed analysis of their data that sug-
gests that these discriminating gene clus-
ters can predict clinical outcome of
prostate cancer beyond the traditional fac-
tors such as stage, Gleason score, and PSA
level, their univariate approach to this
analysis is flawed (4). By separating patient
groups into high Gleason score or high
PSA or high stage and then allowing the
cluster analysis to discriminate outcome,
they have limited the power of these tradi-
tional risk factors, which should be con-
sidered simultaneously in each case. A
potentially more powerful approach to
this problem would be to add gene cluster

analysis data in a multivariate model
which already includes stage, Gleason
score, and PSA level to determine if the
predictive ability of gene cluster analysis is
in fact additive to current approaches (6).
It remains to be determined how accurate
and individually predictive such an
approach will be. Further stratification of
a given patient’s risk of treatment failure is
important, but the ultimate goal must
remain accurate and reproducible individ-
ual prediction. Only then will such
approaches accomplish more than altering
informed consent in selection of therapy.

Despite these limitations the presented
data should be heralded as a significant
advance in our ability to leverage the awe-
some power of functional genomics in a
clinically useful fashion. It is this transla-
tional approach to risk stratification that
is most likely to lead to progress in our
understanding of each individual prostate
cancer patient’s risk of treatment failure
and allow us to intelligently counsel
patients regarding what today remains a
complex and often confusing array of
treatment options.
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Figure 1
Prostate cancer is the second most common malignancy in men. The prostate gland (A) is located just below the male bladder and can undergo a
period of growth beginning in middle age. Malignant tumors of glandular origin (B) are usually adenocarcinomas. Early detection is possible through
annual digital rectal examinations and routine PSA testing. Glinksy et al. (4) use gene expression profiling to identify and test prognostic indicators
for prostate cancer.The authors developed several genetic “signatures” able to discriminate recurrent versus nonrecurrent disease. Image copyright
of Mayo Foundation for Medical Education and Research. All rights reserved. Used with permission from www.MayoClinic.com.
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A potent antigen-specific T cell response to HIV infection can contribute to
the control of viral replication and is therefore beneficial to the host. Howev-
er, HIV-mediated increases in generalized T cell activation also appear to accel-
erate both viral replication and CD4+ T cell depletion. A new study in the JCI
attempts to experimentally distinguish the beneficial versus harmful aspects
of this immune response (see the related article beginning on page 836).

Acute HIV infection is associated with
symptoms almost everyone has experi-
enced — fever, sore throat, swollen glands,
and often a transient rash. These are not
specific to HIV, but rather a consequence
of the high level of immune activation that
is induced in defense of HIV and other
acute viral infections. Although a strong
immune response is presumably beneficial
in most acute infections, specific proper-
ties of HIV raise the question as to whether
immune activation in this setting may also
have harmful consequences. HIV selective-
ly infects and replicates in activated CD4
cells, suggesting that the antiviral effects of
the acute immune response may be coun-
terbalanced by the detrimental effects of
adding additional fuel (i.e., activated CD4
T cells) to the fire. The proinflammatory
aspects of HIV infection also result in the
activation and proliferation of CD4+ T
cells specific for antigens other than HIV
(the so-called “innocent bystanders”),
which can also become productively infect-
ed with HIV, albeit at a lower frequency (1).
Thus, a stronger immune response to HIV
might have the paradoxical effect of

enhancing viral replication and accelerat-
ing disease progression.

Unfortunately, this synergistic interaction
between immune activation and viral repli-
cation is only part of the story. More impor-
tantly from the host’s perspective, chronic
heightened activation of the immune system
may also contribute in a direct manner to
progressive CD4+ T cell depletion. One wide-
ly accepted model of HIV immunopatho-
genesis postulates that heightened immune
activation results in accelerated activation
and proliferation of memory-effector CD4+

T cells (2). These cells are destined to die
rapidly as a consequence of activation-
induced cell death and/or due to direct
infection by HIV. Over time, the naive and
central memory pools become exhausted
and unable to generate new primary
responses or maintain the peripheral CD4+

T cell count (3, 4).
Given this background, some have ques-

tioned whether the immune response to
HIV might cause more harm than good.
Indeed, substantial circumstantial evi-
dence for such paradoxical effects exists,
including the observation that immune
activation is a strong independent predic-
tor of disease outcome in antiretroviral-
untreated and -treated individuals (5, 6).
Along these lines, much has recently been
made of the observation that sooty
mangabeys, the natural host of simian
immunodeficiency virus (SIV), support

high levels of viral replication but fail to
exhibit a clear increase in immune activa-
tion and/or inflammation (7, 8). These ani-
mals appear to tolerate SIV infection quite
well, having life spans that are not dramat-
ically different from those of uninfected
animals. In contrast, when SIV is experi-
mentally transferred to rhesus macaques,
dramatic increases in immune activation
occur, and animals progress rapidly to
AIDS and death.

Separating the protective 
versus destructive aspects 
of the immune response
In this issue of the JCI, Garber and 
colleagues use a clever experimental
approach in an attempt to differentiate
the potential harmful aspects of virus-
mediated increases in T cell activation
and/or proliferation from the benefits
associated with the generation of an effec-
tive SIV-specific T cell response (9). 
Four adult rhesus macaques were treated
with a monoclonal antibody combination
designed to block costimulation and
thereby eliminate cellular activation dur-
ing acute SIV infection. CTLA4Ig was used
to block CD4 stimulation through CD28-
CD80/86 interactions, and anti-CD40L
was administered to block CD4 stimula-
tion through CD40-CD40L interactions.
The effect of this treatment, administered
before and during acute SIV infection, was
compared to the effect of no treatment in
four acutely infected control animals.
Viral load, T cell activation, antigen-spe-
cific T cell and B cell immune responses,
and the emergence of CTL escape muta-
tions were closely monitored during the
first few months of infection.
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