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Hippo pathway inhibits Wnt signaling to
restrain cardiomyocyte proliferation and
heart size. Heallen T, Zhang M, Wang J,
Bonilla-Claudio M, Klysik E, Johnson RL,
Martin JF. Science 332: 458–461, 2011.

Nominated by Michael Caplan

Associate Editor, Physiology

Yale School of Medicine

michael.caplan@yale.edu

Question: Is the signaling pathway that
regulates organ size in Drosophila con-
served in mammals?
Background: Although several extrinsic
factors, such as nutritional status, affect the
size of an organ, intrinsic factors also mod-
ulate organ size. The Hippo signaling path-
way regulates various proliferative and
apoptotic processes in many species, and,
in Drosophila, Hippo signaling is important
for regulating organ size. However, whether
a similar growth control mechanism exerts
analogous control over organ size in mam-
mals is unknown.
Observations: Heallen et al. genetically en-
gineered mice to selectively inhibit the or-
tholog of the Hippo signaling pathway in
developing cardiac muscle. Hippo-deficient
embryos had overgrown hearts with elevated
cardiomyocyte proliferation. The hyperplasia
was found to be the result of increased activ-
ity of a growth-promoting signaling pathway
regulated by Wnt family growth factors.
Significance: These findings suggest that a
nuclear interaction between Hippo and
Wnt signaling regulates cardiomyocyte pro-
liferation and heart size in mice through a
mechanism that involves cooperation be-
tween transcription factors. Thus these
findings make an important contribution
toward understanding the genetic path-
ways that regulate cardiomyocyte prolifer-
ation in mammals, which is an important
step for developing therapeutic strategies to
mitigate pathological cell death.

Neuronal GPCR controls innate immunity
by regulating noncanonical unfolded pro-
tein response genes. Sun J, Singh V,
Kajino-Sakamoto R, Aballay A. Science
332: 729–732, 2011.

Nominated by Michael Caplan

Associate Editor, Physiology

Yale School of Medicine

michael.caplan@yale.edu

Question: Do neurons in contact with the
external environment regulate the im-
mune status of worms?
Background: Recent studies indicate
that increased demand on protein fold-
ing in the endoplasmic reticulum (ER),
which may occur during bacterial infec-
tions, must be alleviated by unfolded
protein response (UPR) pathways for
a complete immune response to be
mounted. It has recently been found
that the nematode worm Caenorhabdi-
tis elegans (C. elegans), which relies on
the UPR response for innate immunity,
has three sensory neurons that regulate
resistance to pathogen infections. How-
ever, because these neurons integrate
response to a number of external stim-
uli, the role of individual neurons in
the control of immune responses has
proven difficult to define.
Observations: Sun et al. determined that
C. elegans lacking a G-protein-coupled
catecholamine receptor, which is nor-
mally expressed in the cilia of neurons
located in sensory openings (OCTR-1)
in two types of neurons, displayed enhanced
resistance to killing by a pathogenic bacte-
rium. The prophylactic effect was not due to
enhanced pathogen avoidance or accumu-
lation. Instead, the enhanced resistance re-
sulted from increased activity of the UPR
pathway in nonneuronal cells.
Significance: This study suggests that
the loss of OCTR-1 signaling in two neu-
rons that are exposed to the environ-
ment, where they can sense molecules
related to disease or inflammation, con-
trol innate immunity, thus identifying a
novel link between neurons exposed to
the environment and immune re-
sponses. Moreover, because the ligand
of OCTR-1 is related to mammalian nor-
adrenaline, which elicits alertness and
arousal, this study suggests that there is
a strong selective advantage to sup-
pressing immune responses during
stress and that host catecholamines reg-
ulate immune responses to changes in
the surrounding environment. Since
several components of immunity are
conserved among different organisms
throughout evolution and ER stress has
been linked to several human diseases,
including diabetes, cancer, neurode-
generative disease, and inflammatory
disease, these findings may provide new

insight into aspects of immunity in
mammals.

Genomic mechanisms of evolved physio-
logical plasticity in killifish distributed
along an environmental salinity gradient.
Whitehead A, Roach JL, Zhang S, Galvez
F. Proc Natl Acad Sci USA 108: 6193–
6198, 2011.

Nominated by Hannah Carey

University of Wisconsin School of Veterinary

Medicine

careyh@svm.vetmed.wisc.edu

Question: Is salinity a barrier to gene flow
across habitats in killifish?
Background: Variations in physiological
plasticity among populations and species
in response to environmental stressors are
thought to result in part from divergence in
genome expression. This adaptive variation
normally occurs along environmental gra-
dients or discretely between disconnected
habitats. Atlantic killifish are predominately
saltwater fish but are distributed along sa-
linity gradients. Many species of killifish
have evolved high tolerances to different
environmental extremes, which make them
an excellent comparative system to study the
genomic basis of evolved stress responses.
Interestingly, a population genetic disconti-
nuity appears in Atlantic killifish along paral-
lel salinity clines in the absence of obvious
geographical barriers to gene flow.
Observations: Whitehead et al. sought to
determine whether salinity represents the
barrier that prevents the interbreeding of
Atlantic killifish. Mitochondrial and nuclear
gene markers indicate a population genetic
discontinuity centered at nearly identical
salinities–�1 ppt–along two parallel salinity
clines. Gill morphology changes at that sa-
linity and acclimation to osmotic shock dif-
fered between populations from upstream
and downstream of the population genetic
break. Comparative physiological genom-
ics data offer insights into physiological
mechanisms that enable adaptive physio-
logical divergence between populations.
Significance: These findings suggest that
a salinity threshold exists in killifish that
triggers genomic, cellular, physiological,
and morphological changes to facilitate ac-
climation. This suggests that adaptive di-
vergence is enabled by different functional
genomic mechanisms among the popula-
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tions of fish and that natural selection is
more likely to act on genes that are in-
volved in physiological acclimation to envi-
ronmental stressors. This study is an
excellent example of using genomic tools,
coupled with comparative physiology, to
understand the mechanisms of acclimation
and of evolved physiological divergence
along environmental gradients.

IRBIT governs epithelial secretion in mice
by antagonizing the WNK/SPAK kinase
pathway. Yang D, Li Q, So I, Huang CL,
Ando H, Mizutani A, Seki G, Mikoshiba K,
Thomas PJ, Muallem S. J Clin Invest 121:
956–965, 2011.

Nominated by Hsiao Chang Chan

Chinese University of Hong Kong

hsiaocchan@cuhk.edu.hk

Question: What is the mechanism by
which the with-no-lysine kinase (WNK) and
the Ste20-related proline/alanine-rich ki-
nase (SPAK) regulate epithelial fluid and
HCO3

� secretion?
Background: The expression of ion trans-
porters at the cell surface is largely regu-
lated by the WNK and SPAK pathways.
Thus the WNK/SPAK cascade plays a ma-
jor role in cell volume and blood pressure
regulation through its control of electro-
lyte and fluid homeostasis in the distal
nephron. Secretion of epithelial fluid and
HCO3

� is fueled by Na�/HCO3
� cotrans-

port, which is mediated by basolateral sol-
ute carrier family 4, member 4 (NBCe1-B)
and by Cl�/ HCO3

� exchange mediated by
luminal solute carrier family 26, member 6
(Slc26a6) and the cystic fibrosis transmem-
brane conductance regulator (CFTR). Re-
cently, WNK1 and SPAK were found to
regulate ductal fluid and HCO3

� secretion
in the pancreas and salivary glands. How-
ever, the underlying mechanism of this reg-
ulation has not been defined.
Observations: Yang et al. determined that
silencing of the WNK and SPAK genes in
mice secretory gland ducts increased the
rate of ductal fluid secretion, as well as
NBCe1-B and CFTR activity. In contrast,
silencing of the NBCe1-B/CFTR activator
inositol-1,4,5-trisphosphate (IP3) receptor-
binding protein released with IP3 (IRBIT)
and inhibition of protein phosphatase 1
(PP1) suppressed ductal secretion. Molecu-
lar analysis revealed that WNKs acted as

scaffolds to recruit SPAKs, which phosphor-
ylated and subsequently reduced the cell
surface expression of CFTR and NBCe1-B.
They also found that IRBIT opposed the
effects of WNKs and SPAKs by recruiting
PP1 to the complex to dephosphorylate
CFTR and NBCe1-B, which restored their
expression at the cell surface and stimu-
lated their activity.
Significance: This study suggests that the
molecular mechanism by which IRBIT
coordinates ductal fluid and HCO3

� se-
cretion involves direct and indirect effects
on the functions of NBCe1-B and CFTR to
promote ductal fluid and HCO3

� secre-
tion. Thus these findings reveal a novel
role of IRBIT and confirm the importance
of the WNK/SPAK signaling pathway in
pancreatic and salivary duct secretion.

Reactive oxygen species (ROS) from
NADPH and xanthine oxidase modulate
the cutaneous local heating response in
healthy humans. Medow MS, Bamji N,
Clarke D, Ocon AJ, Stewart JM. J Appl
Physiol. First published March 24, 2011;
doi:10.1152/japplphysiol.01448.2010.

Nominated by Jerome Dempsey

Editor-in-Chief, Journal of Applied Physiology

University of Wisconsin

jdempsey@wisc.edu

Question: Do reactive oxygen species
(ROS) have a regulatory role in the cutane-
ous blood flow response to local heat?
Background: Local heating of the skin pro-
duces a rapid initial increase of blood flow
followed by a nadir before a prolonged rise
of blood flow to a plateau occurs. This pla-
teau is, in large part, dependent on nitric
oxide (NO), which is attenuated by angio-
tensin II (Ang II) via an Ang II type 1 recep-
tor (AT1R)-dependent mechanism. The
binding of Ang II to the AT1R has been
shown to increase local levels of oxidative
stress via NADPH oxidase and xanthine ox-
idase (XO) pathways. Thus ROS have been
hypothesized to play a role in the NO-de-
pendent regulation of skin blood flow.
Observations: Medow et al. determined the
individual effects of inhibiting NADPH oxi-
dase, XO, hydrogen peroxide (H2O2), and
superoxide, and the effects of inhibiting
each of these in combination with Ang II
administration on the local cutaneous
heat response in humans. Perfusion of

Ang II alone significantly attenuated the
plateau heat response as did inhibition of
H2O2. In contrast, inhibition of XO alone
enhanced the entire heat response. Inhi-
bition of NADPH oxidase, XO, superoxide,
and H2O2 were each determined to par-
tially reverse the attenuated heat re-
sponse produced by Ang II.
Significance: This is the first paper to
show that the response of skin to local
heat can be affected by products of oxi-
dative stress, which suggests that ROS,
produced by Ang II via the NADPH oxi-
dase and XO pathways, play a regulatory
role in the cutaneous response to local
heat. The ability of XO inhibition alone to
augment the plateau phase during local
heating suggests that local ROS may act to
limit the availability of NO. These results
also suggest that AT1Rs normally modu-
late vasodilation in humans.

Responsiveness of the human airway in
vitro during deep inspiration and tidal
oscillation. Noble PB, Jones RL, Thaya
Needi E, Cairncross A, Mitchell HW,
James AL, McFawn PK. J Appl Physiol
110: 1510–1518, 2011.

Nominated by Jerome Dempsey

Editor-in-Chief, Journal of Applied Physiology

University of Wisconsin

jdempsey@wisc.edu

Question: Does mechanical stretch of air-
way walls underlie the bronchodilation
and reduced airway responsiveness dur-
ing deep inspirations?
Background: A number of physiological
factors that regulate airway narrowing
may be disrupted in asthma and cause
excessive narrowing in response to bron-
choconstrictors. In healthy individuals,
deep inspiration (DI) potently stimulates
bronchodilation and reduces airway re-
sponsiveness. The beneficial effects of DI
are hypothesized to involve mechanical
stretch of the airway smooth muscle
(ASM) during lung inflation.
Observations: Noble et al. examined the re-
sponse of isolated human bronchial seg-
ments to the dynamic mechanical stretch
associated with breathing, which was simu-
lated by varying transmural pressure using a
syringe pump. Tidal oscillation had no effect
on airway responses to acetylcholine. In con-
trast, DI in contracted airways produced po-
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tent bronchodilation, which in turn produced
a transient reduction in maximal airway
response.
Significance: This manuscript contributes
to the body of existing knowledge on our
understanding of the effects of DI and is
novel in the sense that human airways are
studied in isolation. That isolated human
airways are responsive to dynamic pressure
fluctuations associated with breathing is an
important finding. This study also suggests
that mechanical stretch of airways gener-
ated during DI underlies the bronchodila-
tion of airways and reduced responsiveness
observed during conventional bronchial
provocation testing.

HB-EGF release mediates glucose-induced
activation of the epidermal growth factor
receptor in mesangial cells. Uttarwar L,
Peng F, Wu D, Kumar S, Gao B, Ingram
AJ, Krepinsky JC. Am J Physiol Renal
Physiol 300: F921–F931, 2011.

Nominated by Thomas Kleyman

Editor-in-Chief, American Journal of

Physiology–Renal Physiology

University of Pittsburgh

kleyman@pitt.edu

Question: What is the mechanism by which
high glucose (HG) induces epidermal growth
factor receptor (EGFR) transactivation?
Background: Mesangial cells (MC) are
specialized smooth muscle cells that pro-
vide structural support for the glomeru-
lus. They produce excess extracellular
matrix in diverse renal pathologies in-
cluding diabetic nephropathy. EGFR is
transactivated by HG, which mediates the
upregulation of matrix in MC. Although
glomerular matrix accumulation is a hall-
mark of diabetic neuropathy, the mecha-
nism by which the EGFR is transactivated
by HG is unknown.
Observations: Uttarwar et al. found that
general metalloprotease inhibition, as well as
specific inhibitors of heparin-binding EGF-
like growth factor (HB-EGF) prevented both
EGFR and downstream Akt activation in-
duced by HG. The metalloprotease ADAM17
was found to be activated by HG, and inhibi-
tion of ADAM17 prevented EGFR and Akt
activation as well as HB-EGF release.
Significance: These findings suggest that
ADAM17-induced cleavage of HB-EGF
plays a role in HG-induced early transacti-

vation of the EGFR in MC. Thus this work
has important implications for understand-
ing the pathogenesis of diabetic nephropa-
thy. HB-EGF or ADAM17 may also provide
novel therapeutic targets for the treatment
of diabetic nephropathy.

The effect of survival bias on case-control
genetic association studies of highly lethal
diseases. Anderson CD, Nalls MA, Biffi A,
Rost NS, Greenberg SM, Singleton AB,
Meschia JF, Rosand J. Circ Cardiovasc
Genet 4: 188–196, 2011.

Nominated by Litsa Kranias

University of Cincinnati

litsa.kranias@uc.edu

Question: Can survival bias account for the
lack of agreement between case-control
and longitudinal study results?
Background: Genetic association studies
use case-control designs to establish as-
sociations between specific genetic
variants and phenotypes, such as quan-
tifiable traits or disease states. In con-
trast, prospective longitudinal studies of
incident disease track the same individ-
uals over long periods of time. When
diseases with high event-related mortal-
ity are being studied, the former can be
more prone to survival bias because in-
dividuals who have mortality related to
the disease often cannot be enrolled in
analyses of risk factors for the disease.
Thus, if a genetic variant increases both
risk of the acute even as well as risk of
death from the event, case-control studies
could theoretically fail to identify true risk
variants because of survival bias by under-
estimating the true effect of a disease-asso-
ciated variant.
Observations: To measure the hypothet-
ical consequences for such survival bias
in genetic association studies, Anderson
et al. modeled three cardiovascular dis-
eases of high lethality using existing
data from population-based studies. They
simulated genetic variants that modify
baseline risk for both incidence and mor-
tality from these diseases and constructed
longitudinal and case-control studies to
test the observed associations between
the genetic variants and disease inci-
dence. They determined that the erosion
of effect size caused by survival bias was

�20% and could be calculated using for-
mulas, which they provided.
Significance: Although the impact of sur-
vival bias was found to be relatively small, it
can become substantial when a high pro-
portion of fatal cases is not enrolled. This
report provides formulas to estimate effect
size erosion given a variant’s odds ratio of
disease, odds ratio of lethality, and minor
allele frequency. These formulas should
add precision to power calculation and rep-
lication efforts for case-control genetic
studies and help researchers compare re-
sults of studies that employ different re-
cruitment frameworks.

Targeted next-generation sequencing for
the molecular genetic diagnostics of
cardiomyopathies. Meder B, Haas J,
Keller A, Heid C, Just S, Borries A,
Boisguerin V, Scharfenberger-Schmeer M,
Stähler P, Beier M, Weichenhan D, Strom
TM, Pfeufer A, Korn B, Katus HA,
Rottbauer W. Circ Cardiovasc Genet 4:
110–122, 2011.

Nominated by Litsa Kranias

University of Cincinnati

litsa.kranias@uc.edu

Question: Can a comprehensive and cost-
effective genetic screen for cardiomyopa-
thies be developed?
Background: Genetic testing for heritable
disorders involves examining the DNA
molecule. However, the heterogeneity of
diseases can be vast. For example, cardio-
myopathies have been associated with
mutations in at least 30 different genes.
Thus comprehensive genetic testing of
patients with cardiomyopathies has been
limited by cost and effort.
Observations: Meder et al. employed a
microarray-based sequence enrichment
procedure on 29 known and 18 potential
cardiomyopathy genes followed by next-
generation sequencing to detect genetic
mutations in patients with hypertrophic
cardiomyopathy (HCM) and dilated car-
diomyopathy (DCM). Regions of interest
were found to be enriched by a mean
factor of 2,169 with this approach, which
allowed the authors to define the genetic
pathogenesis of HCM and DCM in a sin-
gle sequencing run.
Significance: These findings reveal that
this targeted, comprehensive approach
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of genetic screening can successfully
identify a number of potentially key
DNA variants. Thus this proof-of-con-
cept study provides the promise of a
cost-efficient genetic screen for patients
with hereditary DCM or HCM that can
be performed in days or weeks, and not
the months or years previous methods
would have required. Hence, depsite the
genetic heterogeneity of cardiomyopa-
thies as well as limitations in through-
put and high costs of previous genetic
testing, this novel approach may enable
physicians to define the individual ge-
netic risk of patients with cardiomyop-
athy and their relatives.

A TRPA1-dependent mechanism for the
pungent sensation of weak acids. Wang YY,
Chang RB, Allgood SD, Silver WL, Liman ER. J
Gen Physiol 137: 493–505, 2011.

Nominated by Edward Pugh

Associate Editor, Journal of General Physiology

University of California, Davis

enpugh@ucdavis.edu

Question: Do the nociceptive effects of
weak acids result from receptors that detect
intracellular or extracellular protons?
Background: Noxious chemicals in the en-
vironment activate nociceptors within the
trigeminal ganglion that innervate the nasal
or oral cavities. Because weak acids, such as
acetic acid (vinegar), do not fully dissociate
in solution, nociceptive effects could result
from activation of receptors that detect ei-
ther extracellular or intracellular protons.
Transient receptor potential cation chan-
nel, TRPA1, is an ion channel expressed in
the nociceptors that innervate the nasal

epithelia and is activated by intracellular
protons. Thus the role of TRPA1 in sens-
ing weak acids was explored.
Observations: Wang et al. thoroughly exam-
ined TRPA1 responses to weak acids both in
heterologous cells expressing TRPA1 and in
cultured sensory neurons from mice. The
data reveal that TRPA1 is directly respon-
sive to drops in intracellular pH caused by
weak acids, which was distinguished from
the reactive electrophile-mediated activa-
tion of TRPA1. They further show that weak
acids activate endogenous TRPA1-positive
somatosensory neurons. TRPA-1 knockout
mice were also found to display diminished
activation in response to weak acids.
Significance: Although humans ingest
weak acids, such as vinegar, despite the
fact that they elicit irritating sensations,
cytoplasmic acidification can trigger cell
death. Thus it is important to understand
the molecular sensors and mechanisms
involved when animals detect these sub-
stances. This study will be of interest
to the TRP channel and somatosensory
communities, enhances our understand-
ing of how animals sense weak acids, and
adds weak acids to the list of noxious
stimuli sensed by TRPA1.

SUMO modification of cell surface Kv2.1
potassium channels regulates the activity of
rat hippocampal neurons. Plant LD, Dowdell
EJ, Dementieva IS, Marks JD, Goldstein SA. J
Gen Physiol 137: 441–454, 2011.

Nominated by Kenton Swartz

Associate Editor, Journal of General Physiology

National Institute of Neurological Disorders and Stroke

swartzk@ninds.nih.gov

Question: Is the activity of neuronal ion
channels affected by sumoylation?
Background: Sumoylation, the covalent
modification of substrate proteins with
small ubiquitin-like modifier proteins
(SUMOs), is a reversible, posttransla-
tional modification that has been pri-
marily observed with nuclear proteins.
Recently, however, the SUMO pathway
was found to control the plasma mem-
brane leak K� channel K2P1. Here, the
sumoylation of the voltage-gated Kv2.1
potassium channel was explored.
Observations: Plant et al. found that the
activity of the voltage-gated Kv2.1 chan-
nel at the cell surface of rat hippocampal
neurons was suppressed via covalent su-
moylation. Of the four subunits that
comprise a Kv2.1 channel, only two
non-adjacent subunits carry SUMO
concurrently. Although sumoylation of
two sites was required to produce a
shifting of the half-maximal activation
voltage (V1/2) of channels by 35 mV, su-
moylation of one site shifted the V1/2 of
the channels by 15 mV.
Significance: This manuscript describes
studies on a novel and interesting form
of ion channel modulation that impacts
neuronal excitability. The authors have
found that the activity of the voltage-
gated Kv2.1 potassium channel, which
is a major determinant of neuronal ex-
citability in hippocampal neurons, is
modulated via covalent sumoylation.
Employing a large number of experi-
ments, this report provides new insights
into ion channel regulation as well as a
clear mechanistic basis of modulation
by sumoylation. �
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