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prosurvival factor that can affect both tumorigenesis and
response to tissue injury.

Enhancing Chemotherapeutic Efficacy by
Targeting Prosurvival Signaling

The idea that tissue damage associated with chemother-
apy can activate a paracrine prosurvival secretory program
suggests that inhibition of signaling pathways activated by
IL-6 might potentiate the therapeutic efficacy of conven-
tional anticancer agents. In theEm-Myc model, we tested
whether chemical inhibition of Jak kinase activity, a down-
stream mediator of both IL-6 and Timp-1 signaling, could
potentiate the action of doxorubicin. Mice treated with a
pan-JAK inhibitor and doxorubicin showed significantly
longer tumor-free and overall survival than mice treated
with doxorubicin alone. Of importance, mice subjected to
IL-6 pathway inhibition showed no tumor regression or
difference in overall survival when compared with vehicle
control. Thus, simply blocking a prosurvival signal may not
be an effective therapy in the absence of DNA damage.
Consequently, determining whether a microenvironment-
specific cytokine functions as a mitogen or a survival factor
is critical for determining whether a targeted agent should
be used as a monotherapy or applied in combination with
conventional chemotherapies.

Such combination therapies may be particularly important
in cancers such as multiple myeloma (30). IL-6 is a tonic
prosurvival factor for cultured multiple myeloma cells, such
that IL-6 inhibition leads to cell death. However, clinical trials
that used IL-6–neutralizing antibodies alone showed no sur-
vival benefit (31). In this malignancy, exogenous stress (culture
stress or DNA damage) may be required to reveal a depen-
dency on prosurvival signaling. Thus, although IL-6 neutraliz-
ing antibodies are not effective as single agents, combining
them with high-dose chemotherapeutic regimens could
improve tumor clearance in a variety of tumor types. The
value of such combination regimens may hold true for both
conventional chemotherapeutics and emerging targeted
therapies. For example, recent work showed improved anti-
tumor activity when IL-6 inhibition was combined with the
administration of targeted therapy for the treatment of a
mouse model of lung cancer (32). Additionally, inhibition of
prosurvival cytokine signaling was shown to improve the
efficacy of the Bcr-Abl inhibitor imatinib in the treatment
of B-cell acute lymphoblastic leukemia (33).

Clues to additional tumor types that may similarly coopt IL-6
signaling following systemic DNA damage may come from an
examination of nontransformed tissues that respond to IL-6
signaling. The IL-6 receptor is only expressed on hematopoietic
cells and hepatocytes, and it is these two cell types that activate
the majority of physiologic responses to IL-6 induction during
inflammation (34). Furthermore, IL-6 promotes the pathogen-
esis of hepatocellular carcinoma (HCC) in response to chemical
carcinogenesis in mice and underlies the gender disparity
observed in HCC in humans (35). Of note, HCCs are highly
treatment-refractory, yet doxorubicin treatment is the major
treatment modality in unresectable disease. Additionally, a

poor prognosis in HCC is strongly associated with a paracrine
stromal IL-6 signature (36). These data suggest that perhaps, as
in theEm-mycmodel, inhibition of IL-6 signaling could promote
drug sensitivity in this tumor type.

Thus, it remains to be tested whether inhibition of acute
prosurvival secretory phenotypes can promote the cyto-
toxic activity of conventional chemotherapeutic agents in a
variety of cancers in humans. In the future, a central
component of investigating this process will be rapid
examination of posttreatment tumor microenvironments.
Most studies that examine cytokine and chemokine levels
in tumor biopsies report on steady-state concentrations in
the absence of treatment, an environment that may be
drastically altered in the presence of chemotherapy. Here,
the analysis of tumor samples subjected to neoadjuvant
treatment prior to surgery may provide key information
regarding the impact of chemotherapy on the tumor micro-
environment. Additionally, the application of frontline
therapies to a range of existing genetically engineered
mouse models of cancer would allow for a temporal ana-
lysis of dynamic changes in the tumor microenvironment
that accompany drug treatment.

Conclusions

Tumors can relapse despite months to years of sustained
remission following therapy. Thus, understanding how subsets
of cancer cells survive treatment and where they persist during
this period of remission are fundamental questions in cancer
biology. It has long been appreciated that tumor initiation and
progression involve a complex set of interactions between
tumor cells and their associated stroma. The studies described
in this review suggest that the tumor microenvironment also
plays an integral role in overall therapeutic response. This is
perhaps not surprising given the striking difficulties of treating
tumors in their native setting versus treating tumor cells in
culture. Nevertheless, this work highlights the emerging rele-
vance of developmental biology and tissue homeostasis to the
response to anticancer therapies. Understanding how cancers
coopt developmental survival cues will be essential for the
development of combination therapies that can achieve effec-
tive and durable treatment outcomes.
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