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The metastatic spread of tumor epithelial cells accounts for over 90% of 
cancer-specific mortality; however, the molecular mechanisms that govern 
tumor spread and distant recolonization remain unclear. In this issue of JCI, 
Rokavec and colleagues shine light on this murky aspect of tumor biology 
by focusing through the lens of microenvironmental contributions, namely 
inflammation, as driving signals that set off a delicate, intracellular feed-
back loop among cytokine receptors, transcription factors and miRNAs. 
This study provides in vivo evidence and identifies molecular players behind 
the elusive switch that drives the epithelial-to-mesenchymal transition and 
the mesenchymal-to-epithelial transition.

EMT/MET switch
The migratory capacity conferred on cells 
following the epithelial-to-mesenchymal 
transition (EMT) is a developmental 
necessity that has become a predominant 
hypothesis to explain epithelial cancer 
metastases and therapeutic resistance 
(1). In the simplest terms, selective pres-
sures (e.g., nutrient deprivation, hypoxia, 
therapeutics, etc.) on epithelial tumor cells 
activate dormant signaling pathways that 
allow these tumor cells to lose epithelial 
characteristics and take on mesenchymal 
properties, including migration and inva-
sion that are advantageous for tumor sur-
vival. The concept that EMT promotes can-
cer metastasis is supported by the reality 
that mesenchymal tumors, such as sarco-
mas, are some of the most difficult tumors 
to treat. However, if mesenchymal proper-
ties are so advantageous for cancer spread, 
why then do most metastatic lesions dis-
play epithelial properties similar to those 
of the primary tumor?

A predominant answer to this question 
resides in the mesenchymal-to-epithelial 
transition (MET), which would allow 
transformed mesenchymal-like cells to 
regain their epithelial characteristics, a 
state that is perhaps more advantageous 
for survival in a foreign microenviron-
ment. As obvious as this explanation 

appears to be, there are many unanswered 
questions that remain. For instance, there 
is a lack of solid in vivo evidence to sup-
port the induction of MET following 
metastasis. Furthermore, if MET does 
occur, what are the molecular pathways 
involved in promoting tumor aggressive-
ness (EMT), and how can these pathways 
be dialed back enough to reestablish epi-
thelial characteristics? Furthermore, what 
are the unique aspects of the primary and 
distant microenvironments that provide 
the necessary stimuli to initiate the switch 
between EMT and MET?

Primary and distant tumor 
microenvironments
Tumor epithelia cells exist within a com-
plex amalgam of fibroblasts, immune 
cells, nervous cells, vasculature, mus-
culature, soluble signaling molecules, 
and extracellular matrices commonly 
referred to as the microenvironment (2). 
This microenvironment is dynamic and 
coevolves with the tumor cells to inhibit 
or further enhance progression depending 
on its specific components (Figure 1). The 
primary microenvironment is associated 
with acute inflammation in response to 
the presence of the tumor and disruptions 
in the basement membrane. This inflam-
mation is orchestrated by a complex sym-
phony of cytokine and chemokine signal-
ing molecules. Of these, a highly studied 
chemokine, IL-6, is secreted by and acts 
on many cells within the microenviron-
ment and seems to universally promote 

inflammatory and tumor progression as 
well as EMT (3, 4). Furthermore, high lev-
els of serum IL-6 have been correlated with 
poor survival outcomes. While the local 
inflammation is critical for tumor devel-
opment and progression, the role of local-
ized inflammation in the recolonization of 
tumor cells in a distant microenvironment 
is still being investigated.

Suppression of miR-34a is required 
for IL-6–driven EMT
In this issue of the JCI, Rokavec et al. (5) 
report that they examined the mecha-
nism of the EMT/MET switch, identi-
fied an IL-6–driven feedback loop that 
allows for the induction of EMT, and 
determined that removal of IL-6 signal-
ing subsequently reverses the effects of 
this feedback loop. Mutations in the gene 
encoding the tumor suppressor p53 that 
result in loss of function are the most 
common mutations in adult solid tumors 
(6). The expression of the miR-34 family 
of microRNAs is induced by p53, and the 
loss of miR-34a expression has been cor-
related with EMT through the induction 
of the EMT transcription factor SNAIL 
(7). Here, the authors show that IL-6 sig-
naling, through its receptor IL-6R, acti-
vates STAT3, which directly represses 
MIR34A gene expression. Furthermore, 
repression of miR-34a was required for 
IL-6–mediated EMT, as miR-34a silences 
IL-6R (Figure 1). Finally, expression of 
this IL-6/STAT3/miR-34a feedback loop 
was discovered in primary colorectal 
tumors and associated with the presence 
of distant metastasis in patients.

The key experiment by Rokavec and 
colleagues (5) demonstrated that both 
IL-6 treatment and loss of miR-34a result 
in increased lung metastasis in a tail-
vein injection model of colorectal cancer 
compared with controls. Conceptually, 
if MET was not necessary for tumor for-
mation at distal sites, then expression of 
miR-34a should remain low in the meta-
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static lesions; however, Rokavec et al. (5) 
demonstrated that expression of miR-34a 
and other EMT markers was similar to 
non–IL-6–treated cells. These results sug-
gest that activation of the IL-6R/STAT3/
miR-34a loop by IL-6–induced EMT 
shifts tumor cells toward a mesenchymal 
state that is advantageous for invasion, 
intravasation, and extravasation steps of 
the metastatic cascade. On the contrary, 
inactivation or disruption of the IL-6R/
STAT3/miR-34a loop, perhaps by the 
reduction of IL-6 in a new microenviron-
ment, induces MET and allows cells to 
switch back to an epithelial state. This 
shift could be important to facilitating 
colonization and outgrowth. Therefore, 
Rokavec and colleagues (5) have not only 
provided in vivo evidence for MET, but 
have also linked specific tumor microen-
vironments to activation and repression 
of a signaling loop that could explain the 
balance between EMT and MET.

Is MET real in patients?
As important as these findings are, many 
questions remain unanswered and need to 
be addressed in order to solidify the exis-
tence of MET in patients. For instance, the 
murine tail-vein injection model of colorec-
tal cancer does not take into account the 
systemic effects of inflammation developed 
in response to the presence of a primary 
tumor. Specifically, the amount of IL-6 in 
the primary microenvironment versus the 
distant microenvironment may not be dif-
ferent, especially considering that elevated 
IL-6 in patient serum is often reported. 
Clinically, if IL-6 expression were elevated 
in the lung, would the size or epithelial 
characteristics of the metastases actually be 
decreased? Additionally, would not the pres-
ence of metastatic nodules also promote 
local inflammation and therefore start EMT 
all over again? Would this feedback loop be 
required or present if p53 function/miR34-a 
expression were completely ablated?

Most importantly, the implications for 
patient treatment still need to be deter-
mined. The association between inflam-
mation and poor prognosis has already 
been established. Could the knowledge of 
this, and yet-to-be-determined molecular 
switches, be useful in developing treat-
ments that could prevent the metastatic 
spread of tumor cells? These are difficult 
questions to answer due to the complex 
nature of the local and distant tumor 
microenvironments. However, now that 
a specific signaling pathway has been 
identif ied, autochthonous or synge-
neic mouse models should be examined 
to determine the therapeutic utility of  
this pathway.
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Figure 1
The IL-6/STAT3/miR-34a feedback loop is a 
molecular switch that controls EMT/MET tran-
sition. The complex milieu of primary colorectal 
cancer is mainly characterized by the presence 
of tumor epithelial cells, cancer-associated 
fibroblasts (CAF), vasculature, and cells of 
the immune system that interact and support 
each other in promoting tumor growth and local 
invasion. The inflammatory microenvironment, 
through its major mediator IL-6, triggers the 
activation of the IL-6R–mediated IL-6/STAT3 
pathway, which represses the expression of 
miR-34a, thus inhibiting the miR-34a–mediated 
suppression of SNAIL. Therefore, the activation 
of the loop by IL-6–induced EMT, through its 
downstream effector SNAIL, shifts the cellular 
phenotype toward a mesenchymal state that is 
advantageous for the invasion, intravasation, 
and extravasation steps of the metastatic cas-
cade. Conversely, the inactivation of this loop 
at the site of the metastatic colonization (i.e., 
lungs) aids in switching back to an epithelial 
state, namely MET, allowing for the outgrowth 
of metastatic nodules.
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Nav-igating through a complex landscape: 
SCN10A and cardiac conduction
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Genome-wide association studies (GWAS) have implicated SCN10A, which 
encodes a nociceptor-associated voltage-gated sodium channel subunit, as a 
modulator of cardiac conduction; however, this role has traditionally been 
ascribed to SCN5A, which is highly expressed in cardiac muscle. SCN10A is 
believed to affect cardiac conduction either directly through cardiomyo-
cytes or indirectly via intracardiac neurons. In this issue of the JCI, van den 
Boogaard and colleagues introduce a third possibility: that the SCN10A locus 
acts as an enhancer of SCN5A gene expression. The authors demonstrate that 
SCN10A expression is negligible within human and murine hearts, and that 
a T-box enhancer within the SCN10A locus drives SCN5A expression within 
cardiomyocytes. This work reasserts SCN5A as the key determinant of car-
diac conduction and highlights the importance of deciphering the function-
ality of coding versus noncoding regions when interpreting GWAS data.
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The unexpected finding: SCN10A
Since the first identification of a signifi-
cant association between SCN10A and ECG 
conduction parameters in genome-wide 
association studies (GWAS), a debate has 
emerged regarding how this gene and/or 
its product affect myocardial conduction 
(1–4). SCN10A encodes the α subunit of 
the voltage-gated sodium channel, Nav1.8, 
which was previously demonstrated to be 
expressed in nociceptive fibers of the dor-
sal root ganglia (DRG), but had never been 
implicated in heart physiology (5). Tradi-
tionally, rapid conduction properties of 
myocardial tissues have been ascribed to 
SCN5A, which encodes the pore-forming 
subunit of the major cardiac voltage-gat-
ed sodium channel, Nav1.5. Mutations in 
SCN5A have been identified in patients 
with isolated cardiac conduction disease 

and with the arrhythmic disorder Brugada 
syndrome (6, 7). In addition, mice with 
Scn5a haploinsufficiency exhibit slowed 
conduction parameters during cardiac 
electrophysiology testing (8). It was there-
fore unexpected that GWAS would more 
strongly correlate ECG parameters with 
SCN10A over SCN5A. This surprising find-
ing raises the question of how SCN10A fits 
into a landscape dominated by SCN5A. 
Furthermore, another GWAS has recently 
identified significant associations between 
Brugada syndrome and the SCN10A locus, 
making the link between SCN10A and 
myocardial conduction slowing even more 
compelling (9).

The cardiomyocyte hypothesis:  
cell-autonomous role of Nav1.8
With the goal of establishing how SCN10A 
contributes to overall sodium current (INa) 
in the heart, a combination of in vivo car-
diac electrophysiology testing and cell 
culture-based biophysical analyses have 
been reported. Ambulatory telemetry 

monitoring was performed in wild-type 
mice treated with the Nav1.8-selective 
inhibitor, A-803467, as well as in Scn10a 
knockout mice, but the results were con-
tradictory. Wild-type mice treated with 
A-803467 showed marked prolongation of 
PR and QRS intervals (1); however, Scn10a 
knockout mice exhibited shorter PR inter-
vals with no change in QRS duration (4). 
These inconsistent results may represent 
differences between acute and chronic loss 
of Nav1.8, off-target effects of A-803467 
on Nav1.5, or differential responses of car-
diomyocytes and intracardiac neurons to 
A-803467. To elucidate the role of Scn10a 
specifically in cardiomyocytes, Yang et al. 
studied the effects of Nav1.8 inhibition 
or deletion in ventricular myocytes (10). 
Treatment of isolated mouse ventricular 
myocytes with A-803467 had no effect 
on peak INa, but blocked a component of 
the late sodium current, INa,L, resulting in 
shortening of the action potential dura-
tion (APD) at slow stimulation frequen-
cies. Consistent with the inhibitor studies, 
Scn10a–/– ventricular myocytes had reduced 
INa,L, exhibited shorter APD at baseline, 
and were not responsive to A-803467 (10). 
Although these results suggest a role for 
Scn10a in APD prolongation and triggered 
arrhythmias, peak INa and cardiac action 
potential upstroke velocity were unper-
turbed in ventricular myocytes with inhibi-
tion or deletion of Nav1.8 (10, 11). There-
fore, Scn10a does indeed appear to have a 
cell-autonomous effect on cardiomyocyte 
electrophysiology, but the mechanism by 
which Nav1.8 modulates cardiac conduc-
tion remained unclear.


