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Breaking a paradigm: IL-6/STAT3 signaling suppresses metastatic prostate cancer
upon ARF expression
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ABSTRACT
Interleukin 6 (IL-6)/signal transducer and activator of transcription 3 (STAT3) signaling is considered to
have important oncogenic functions in prostate cancer (PCa). However, a recent study highlighted the
central role of IL-6/STAT3 signaling in regulation of the ARF–MDM2–p53 senescence axis. This reversal of
the postulated oncogenic properties of IL-6/STAT3 signaling in PCa has important therapeutic implications. KEYWORDS
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Interleukin 6 (IL-6) is a pleiotropic cytokine that is involved in
the regulation of many cellular functions. In particular, there
are multiple examples of its influence on apoptosis, cell cycle,
migration, and angiogenesis. Since IL-6 levels are increased in
the tissues and sera of patients with prostate cancer (PCa),4 tar-
geting of this cytokine should be discussed on the basis of scien-
tific results. It is important to know that the signaling pathways
of signal transducer and activator of transcription (STAT),
mitogen-activated protein kinases (MAPK), and phosphotidyli-
nositol 3-kinase (PI3-K) are upregulated during IL-6 treatment.
Whereas there is no doubt that MAPK and PI3-K pathways are
oncogenic, the role of STAT3, which is essential for IL-6 down-
stream action in normal and malignant prostate tissue, is
heavily debated. Moreover, STAT3 is crucial for the regulation
of cellular events in PCa and there have been many attempts to
evaluate its role in this disease. Experimental approaches with
antisense oligonucleotides, CpG-STAT3-specific siRNA,5 and
anti-IL-610 or anti-IL-6 receptor antibodies9 have been devel-
oped, however there is no clear strategy for their application in
PCa therapy. Anti–IL-6 therapy did not show any therapeutic
or survival benefit in patients with advanced or metastatic PCa.
Moreover, anti–IL-6 agents (e.g., siltuximab) or JAK/STAT3
inhibitors were not only ineffective in metastatic PCa, but also
enhanced expression of proliferation markers in PCa patients6

or in vivo xenografts.8

LNCaP cells/xenografts are most frequently used in PCa
research and contrasting results were reported in vitro and in
vivo after IL-6 treatment.4,7 For this reason, we took advantage
of a prostate epithelial-specific loss of Pten transgenic mouse
model and in addition deleted Stat3 or IL-6. With such a spe-
cific in vivo approach, Pencik and associates showed for the
first time that ARF is transcriptionally regulated by STAT3.
Loss of IL-6 or Stat3 in this PCa model leads to massive

metastasis formation and early lethality caused by complete
loss of cellular senescence. These data determine the antionco-
genic role of the IL-6–Stat3 pathway. Similarly, the loss of
STAT3 and/or ARF in a large collection of human PCa patient
samples correlated with bad prognosis with high significance.
Loss of ARF was twice as sensitive as the Gleason score in pre-
dicting PCa patients with bad prognosis. In summary, IL-6–
STAT3 signaling is required for regulation of the controlled
senescence and cancer progression pathway controlled by
ARF–MDM2–p53 (Fig. 1). Thus, this model contradicts the
dogma that IL-6–STAT3 signaling has an oncogenic function
during PCa development. The study by Pencik and associates
therefore calls for in-depth understanding and evaluation of
conventional blockade of the IL-6–STAT3 pathway in the treat-
ment of autoimmune disease, underscoring the risk of PCa
development. The results should be also considered for re-eval-
uation of long-term treatments of PCa, rheumatoid arthritis,
Castleman’s disease, and Crohn’s disease that rely on blockage
of the IL-6 pathway. One should keep in mind that the cells ini-
tially inhibited by IL-6 may become predisposed to loss of
tumor protein (TP53, best known as p53), accompanied by
metastatic progression.8

The results of the study by Pencik and associates should moti-
vate translational researchers to investigate expression of several
downstream targets of STAT3-ARF in PCa. The studies should
also be extended to tumor-initiating cells in which activation of
STAT3 by IL-6 is clearly demonstrated. In addition, STAT3 is
involved in cell cycle control and plays an important role during
the G1 to S cell cycle transition. The key regulator of G1 phase
progression is cyclin D1, a direct STAT3 target gene. Cyclin D1
overexpression is implicated in androgen-independentmetastatic
PCa.3 Cyclin D1, together with other D cyclins, binds and acti-
vates cyclin-dependent kinase 4 and 6 (CDK4 and CDK6) to
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promote cell cycle progression. The direct connection of cyclin
D1 as a known STAT3 target gene with CDK4 and CDK6 favors
future studies and possible therapeutic opportunities using selec-
tive CDK4/CDK6 inhibitors (Alao et al., 2007). In vitro and in
vivo animal studies involving androgen receptor antagonists such
as bicalutamide, flutamide, or nilutamide may show synergy with
the antitumor effects of CDK4/CDK6 inhibitors such as Palboci-
clib (PD-0332991).2 Therefore, we aim to conduct studies to
identify subgroups of patients with aggressive forms of PCa who
might benefit from combined antiandrogens and CDK4/CDK6
inhibitors.

In summary, the key issues in individual PCa patients have to
be considered, especially with regard to IL-6–STAT3 as a key
tumor suppressor pathway that is indispensible for regulation of
the ARF–MDM2–p53 axis and senescence. This paradigmatic
change in the mechanistic view of prostate carcinogenesis

demonstrates the urgent need for the development of appropri-
ate novel combination therapies and understanding their impact
on androgen-independent metastatic PCa.
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Figure 1. Activation of signaling pathways by interleukin 6 (IL-6) in the presence or
absence of the tumor suppressor PTEN. Activation of signal transducer and activa-
tor of transcription 3 (STAT3) is associated with inhibition of metastasis.
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