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Behavioral stress is known to promote tumor progression in experimental models, but the role of behavioral stress in
cancer initiation is less clear. In this issue, Hassan et al. focus on the signaling and biological effects induced by stress
hormones that lead to tumor cell evasion from apoptosis, resulting in prostate cancer progression.

Find the latest version:

https://jci.me/67887/pdf



http://www.jci.org
http://www.jci.org/123/2?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI67887
http://www.jci.org/tags/44?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/67887/pdf
https://jci.me/67887/pdf?utm_content=qrcode

commentaries

1. Yang CS, Wang X, Lu G, Picinich SC. Cancer pre-
vention by tea: animal studies, molecular mecha-
nisms and human relevance. Nat Rev Cancer.
2009;9(6):429-439.

2. Chow HH, Hakim IA. Pharmacokinetic and che-
moprevention studies on tea in humans. Pharmacol
Res. 2011;64(2):105-112.

3.Yuan JM, Sun C, Butler LM. Tea and cancer pre-
vention: epidemiological studies. Pharmacol Res.
2011;64(2):123-135.

4.Yang CS, Wang H. Mechanistic issues concerning
cancer prevention by tea catechins. Mol Nutr Food
Res. 2011;55(6):819-831.

S.Li GX, et al. Pro-oxidative activities and dose-
response relationship of (-)-epigallocatechin-3-gal-
late in the inhibition of lung cancer cell growth: a
comparative study in vivo and in vitro. Carcinogen-
esis. 2010;31(5):902-910.

.Leone M, et al. Cancer prevention by tea poly-
phenols is linked to their direct inhibition of
antiapoptotic Bcl-2-family proteins. Cancer Res.

(=}

2003;63(23):8118-8121.

7. Urusova DV, et al. Epigallocatechin-gallate sup-
presses tumorigenesis by directly targeting Pinl.
Cancer Prev Res. 2011;4:1366-1377.

8. Kumazoe M, et al. 67-kDa laminin receptor increas-
es cGMP to induce cancer-selective apoptosis. ] Clin
Invest. 2013;123(2):787-799.

.Nelson J, et al. The 67 kDa laminin receptor:
structure, function and role in disease. Biosci Rep.
2008;28(1):33-48.

10. Tachibana H, Koga K, Fujimura Y, Yamada K. A
receptor for green tea polyphenol EGCG. Nat Struct
Mol Biol. 2004;11(4):380-381.

.Umeda D, Yano S, Yamada K, Tachibana H. Green
tea polyphenol epigallocatechin-3-gallate signaling
pathway through 67-kDa laminin receptor. J Biol
Chem. 2008;283(6):3050-3058.

12.Hong Byun E, et al. TLR4 signaling inhibitory

pathway induced by green tea polyphenol epigallo-
catechin-3-gallate through 67-kDa laminin recep-
tor. J Immunol. 2010;185(1):33-45.

o

1

—_

13. Shanafelt TD, et al. Phase 2 trial of daily, oral
polyphenon E in patients with asymptomatic, Rai
stage 0 to II chronic lymphocytic leukemia. Cancer.
2013;119(2):363-370.

14. Reagan-Shaw S, Nihal M, Ahmad N. Dose trans-
lation from animal to human studies revisited.
FASEB]. 2008;22(3):659-661.

15. Klotz T, et al. Vardenafil increases penile rigidity
and tumescence in erectile dysfunction patients: a
RigiScan and pharmacokinetic study. World J Urol.
2001;19(1):32-39.

16. Tsukamoto S, et al. Green tea polyphenol EGCG
induces lipid-raft clustering and apoptotic cell
death by activating protein kinase Cdelta and
acid sphingomyelinase through a 67 kDa lam-
inin receptor in multiple myeloma cells. Biochem J.
2012;443(2):525-534.

17. Scheiman J, Tseng JC, Zheng Y, Meruelo D. Mul-
tiple functions of the 37/67-kd laminin receptor
make it a suitable target for novel cancer gene
therapy. Mol Ther. 2010;18(1):63-74.

Why stress is BAD for cancer patients

Archana S. Nagaraja,’ Guillermo N. Armaiz-Pena,' Susan K. Lutgendorf,? and Anil K. Sood'34

Department of Gynecologic Oncology and Reproductive Medicine, The University of Texas MD Anderson Cancer Center, Houston, Texas, USA.
2Department of Psychology, Department of Urology, and Department of Obstetrics and Gynecology, University of lowa, lowa Gity, lowa, USA.
3Department of Cancer Biology and “Center for RNA Interference and Noncoding RNA,

The University of Texas MD Anderson Cancer Center, Houston, Texas, USA.

Behavioral stress is known to promote tumor progression in experimental
models, but the role of behavioral stress in cancer initiation is less clear. In
this issue, Hassan et al. focus on the signaling and biological effects induced
by stress hormones thatlead to tumor cell evasion from apoptosis, resulting

in prostate cancer progression.

Behavioral stress and cancer

A stressor is often defined as a stimulus
that is capable of activating the hypotha-
lamic-pituitary-adrenal (HPA) axis and/
or the sympathetic nervous system (SNS).
HPA activation induces hypothalamic
production of neurohormones, such as
corticotropin-releasing hormone and vaso-
pressin. This, in turn, results in secretion
of the adrenocorticotropic hormone from
the pituitary and subsequent release of glu-
cocorticoids from the adrenal cortex. SN'S
activation results in the release of epineph-
rine and norepinephrine from sympathetic
neurons and adrenal medulla. At a broad
level, behavioral stress can be considered
as acute or chronic. While acute stress may
be adaptive for preservation of the organ-
ism and can have beneficial effects (e.g.,
enhanced immune response), chronic
stress can lead to disease states such as car-
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diovascular and metabolic diseases. More-
over, a growing number of studies have
uncovered major roles for chronic stress in
cancer progression (1).

Catecholamine-dependent signaling is
known to promote several protumoral pro-
cesses that collectively result in increased
tumor progression. For example, chronic
stress results in increased epinephrine and
norepinephrine, whereas dopamine levels
are reduced. This catecholamine shift leads
to a microenvironment that is conducive to
increased tumor growth and progression in
experimental models of disease (2). Specifi-
cally, elevated norepinephrine levels have
been associated with increased angiogen-
esis, invasion, and protection from anoikis
(2-5). Adrenergic activation has been impli-
cated as the key mediator of these effects
by modulating several growth factors (e.g.,
VEGF, IL-6, IL-8, matrix metalloprotein-
ases, and FAK) in multiple cancers. Upon
B-adrenergic receptor (ADRB) activation,
increased cAMP-PKA activity is frequently
noted as an intracellular mediator of the
stress response.
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Chronic stress plays a significant role
in cancer progression, and decreased can-
cer incidence is observed among patients
who take beta blockers for the treatment
of other diseases (6). Cancer diagnosis and
associated treatment can potentially elevate
a patient’s stress levels, whereas social sup-
port has been associated with increased
patient survival (7). Recent findings regard-
ing the role of stress hormones in chemore-
sistance, metastasis, cancer relapse, and sur-
gical recovery have moved the field forward,
but the molecular mechanisms underlying
these effects are not fully understood (6, 8).
In this issue of the JCI, Hassan et al. have
used a variety of experimental models of
prostate cancer in an effort to demonstrate
the underlying mechanisms by which
behavioral stress promotes tumor growth
and to provide the basis to support phar-
macological and behavioral interventions
for prostate cancer patients (9).

Behavioral stress inhibits tumor cell
apoptosis

The acquired ability of tumor cells to evade
apoptosis is a classic hallmark of cancer
(10). In advanced prostate cancer, activat-
ing antiapoptotic signaling is believed to be
an important factor in chemoresistance and
androgen-independent tumor growth (11).
In the study by Hassan et al., epinephrine
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was found to activate signaling pathways
that led to the inhibition of apoptosis (9).
The authors used two mouse models of pros-
tate cancer: a prostate-specific, androgen-
dependent Hi-Myc transgenic model, and an
androgen-independent PTEN mutant xeno-
graft model (Figure 1). To model behavioral
stress, mice were immobilized with or with-
out exposure to predator scent, resulting in
markedly elevated epinephrine and norepi-
nephrine levels in the tumor, spleen, and
prostate. In both models, stress hormones
had an antiapoptotic effect on tumor cells.
Additionally, in the PTEN mutant model,
epinephrine abrogated the apoptotic effect of
a PI3K inhibitor, but this could be restored
by delivery of an ADRB2 antagonist. Hassan
et al. also provided evidence that PKA could
potentially mediate this stress response (9).

The authors found that chronic stress
increased the incidence of premalignant
lesions in the prostate-specific inducible
Hi-Myc transgenic mouse model, but this
effect was blocked by an ADRB2 inhibitor.
Moreover, epinephrine induced activation
of ADRB2, resulting in increased PKA-
mediated BAD phosphorylation and apop-
tosis inhibition. Importantly, the authors
showed that behavioral stress led to resis-
tance to antiandrogen (bicalutamide)
therapy, an effect abrogated by treatment
with the ADRB2 inhibitor (9). These data
support a role for behavioral stress as a pro-
moter of androgen therapy resistance and
provide a mechanism that could be poten-
tially targeted to restore sensitivity.
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Prostate cancer is associated with various
common genetic modifications, includ-
ing loss of the tumor suppressor genes p53
and PTEN and activation of oncogenes
such as ¢-Jun and c-Myc (12). Additionally,
it has been shown that increased Bcl2 lev-
els can lead to the development of andro-
gen-independent prostate cancer (13).
This team had previously demonstrated
that adrenergic stimulation of a prostate
cancer cell line that is PTEN mutant with
constitutively active Bcl2 can protect cells
from apoptosis (14). Their present find-
ings further suggest that behavioral stress
promotes apoptosis resistance, poten-
tially leading to tumor initiation and
progression in androgen-dependent and
-independent prostate cancer models (9).
Coupled with the authors’ previous find-
ings, the current study makes a convincing
case for antiapoptotic effects of stress in
prostate cancer.

Bench to bedside

The findings presented in this study have
potential clinical implications, suggesting
the possibility that beta blockers, gener-
ally prescribed to treat high blood pressure
or arrhythmia, may increase bicalutamide
efficacy. However, although adrenergic
activation plays a role in the development
of androgen independence, other factors
will also confer a survival advantage for
cancer cells. These include the activation
of the MAPK and AKT signaling path-
ways, which have been linked to adrenergic
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Figure 1

Hassan et al. explored the role of stress in
two models of prostate cancer (9). (A) In an
androgen-independent Pten mutant model,
signaling through the adrenergic receptor led
to phosphorylation (and inactivation) of the
proapoptotic molecule BAD, promoting surviv-
al of prostate cancer cells. (B) In an androgen-
dependent model, stress signaling blocked
apoptosis by the PKA/BAD pathway and con-
tributed to androgen therapy resistance.

signaling in other diseases (13); it will be
important to consider these in the devel-
opment of treatment strategies.

Hassan et al. also demonstrated that
immobilization stress accelerated the
occurrence of premalignant lesions in the
Hi-Myc model (9). Although additional
work is needed before there is conclusive
proof that behavioral stress can induce
cancer onset, these observations provide a
fertile ground upon which further studies
can be developed to investigate the effect of
behavioral stress on cancer initiation.

Clinical studies have shown that in
socially isolated ovarian cancer patients,
intratumoral levels of norepinephrine were
higher than levels in patients with greater
social support, whereas the plasma levels
were similar between the two groups (15).
Here, the authors showed that systemic
levels of epinephrine and norepinephrine
were higher during stress in the animal
models of prostate cancer (9). Further-
more, 12 of 62 prostate cancer patients
had elevated epinephrine levels in blood.
However, the authors did not show any
correlation of blood and intratumor epi-
nephrine levels, outcomes, or progression
markers. Ideally, tumor tissue should be
used to assess catecholamine levels at the
level of the tumor microenvironment, as
tissue levels are more likely to adequately
reflect catecholamine activity relevant to
tumor growth and are likely to be more
stable than plasma levels due to the acidic
tumor microenvironment. Among the
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important results from this study is the
identification of ADRB downstream sig-
naling as a potential predictive factor for
patients likely to gain benefit from adju-
vant beta blocker therapy while receiving
androgen ablation therapy.

Conclusions

Although the current study provides a new
mechanistic understanding of the effects
of stress on cancer progression, there
remain many unanswered questions with
regard to such effects. Among these is the
identification of specific patient subsets
that are most likely to benefit from inter-
ventions targeted against stress-related
pathways. Whether such subsets should
be identified based on behavioral and/or
molecular features is currently unknown.
Moreover, identifying reliable downstream
markers to test the efficacy of stress-based
interventions may allow a more rational
selection of therapies. Much like cancer,
stress pathways are extremely complex,
and it is unclear whether SNS-targeted
interventions will be sufficient or wheth-
er blocking other pathways, such as HPA
mediators or inflammation, will also be
required. Addressing these and other ques-
tions will be an important component of
realizing the full translational potential of
the preclinical findings presented in this
and other research. Nevertheless, the field
continues to rapidly evolve, and novel sig-
naling mechanisms are being discovered
that provide a deeper understanding of

the effects of behavioral stress on tumor
biology. The present study moves the field
forward by demonstrating that behavioral
stress enables prostate cancer cells to evade
apoptosis, an important characteristic in
the process of tumor growth and metasta-
sis. In addition, the authors provide a new
understanding of mechanisms by which
prostate cancer cells could acquire resis-
tance to androgen therapy.
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IRHOMZ2 takes control of rheumatoid arthritis
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The cytokine TNF-a is a major drug target for rheumatoid arthritis, an
inflammatory joint disorder. An alternative approach is to target the
protease TNF-o convertase (TACE), which releases TNF-o. from cells. How-
ever, because TACE cleaves other proteins involved in development and can-
cer, a tissue-specific inhibition of TACE in immune cells appears mandatory.
In this issue of the JCI, Issuree et al. report that iRHOM?2 is a TACE activator
in immune cells. Loss of iRHOM2 largely protects mice from inflammatory
arthritis, making iRHOM2 a potential drug target for this condition.
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iPad, iPod, iPhone — iRHOM sounds like
the latest gadget you must have. There are
even two iRHOM versions. iRHOM!1 (also
known as RHBDF1) appears to have broad
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functionality, whereas iRHOM2 (also
known as RHBDF2) has more restricted
and exclusive functions. iRHOM:s are pro-
teolytically inactive homologs of rhomboid
proteases. They localize to the membrane
of the ER and were initially shown to be
part of the ER protein quality control
machinery both in Drosophila and mam-
malian cells (1). Three recent studies
demonstrated that an additional func-
tion, at least for iRHOM2, is mediating
the release of TNF-o from macrophages
(2-4). iRHOM2 acts as a cargo receptor
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