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Inflammation is emerging as one of the hallmarks of cancer 
pathogenesis and progression; its role in many tumors 
still remains unclear. Increasing evidences suggest that 
acute and chronic intestinal inflammation and activation 
of inflammation-associated pathways contribute to the 
pathogenesis of colorectal cancer (CRC) (1,2). Long-term 
treatment with non-steroidal anti-inflammatory drugs is 
able to remarkably reduce the CRC rate and death, and 
CRC development and progression are often associated 
with dysbiosis, a broad change of intestinal microbiota 
stratification and enrichment of certain microbial strains. 
However, the molecular mechanisms how inflammatory-
related cascades promote CRC development are still 
uncovered. 

Calcineurin is unique calcium activated protein, serine/
threonine phosphatase with key functions in physiological 
and pathological cell fate, and required for activation of the 
nuclear factor of activated T cells (NFAT) transcription 
factors contribute to immune response, cell differentiation, 
and inflammation (3,4). NFAT dephosphorylation and 
activation by calcineurin induce its nuclear translocation 
and the expressions of diverse downstream targets obtaining 
a central role in myeloid and lymphoid cells. Therefore, 
pharmacological inhibition of calcineurin is widely used 
for suppression of undesired immune response, especially 
for solid organ transplantation. Interestingly, there might 
be several connections between NFAT, and tumor burden 
or progression. Cohort studies that patient received kidney 
transplantation with immune-suppressive treatment by 
normal-dose of calcineurin inhibitor, cyclosporin, revealed 
increased many types of cancer incidents compared with 

low-dose group (5). On the other hand, pharmacological 
or experimental blocking of calcineurin-related signaling 
suppressed CRC cell line proliferation in vitro (6-8). Thus, 
these reports dig up the question whether epithelial cells 
intrinsically respond to calcineurin-NFAT singling pathway 
in the oncogenic manner.

There is a growing appreciation for the role of the 
microbiota contributes to cancer pathogenesis including 
CRC (9,10). The dietary components have important 
and direct impact on the microbiota composition leads 
to global changes of microbial metabolism, reducing 
protective metabolites and producing a large number 
of cytotoxic mediators, result in constitutive activation 
of intestinal epithelial cells (IECs) giving consequence 
of the chronic inflammation, alteration of the micrbiota 
composition and dysfunction of stratification (10). These 
events enable to facilitate the certain population among 
the resident microbiota having oncogenic potential to 
predominantly proliferate and explore the IECs. It has 
been shown that inflammation-mediated molecules on 
microbiota are recognized by toll-like receptor (TLR) 
expressed on epithelial cells and activate NF-κB signaling 
which alters the expression of anti-apoptotic genes essential 
to the transformation of epithelial cells (9). Moreover, 
cancer-initiating cells, often called cancer stem cells 
(CSCs), in the CRC have been initially identified as a small 
population expressing CD133 (11). CRC development 
and progression, including recurrence after primary anti-
cancer treatment, resistance to chemotherapy and escaping 
from innate immune reaction, are thought as mostly relied 
on the presence and function of CSCs. Thus, clarification 
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of molecular mechanism underlying the CSCs survival 
and proliferation can be a promising therapeutic target for 
preventing CRC development and malignancy.

In this issue of Nature Medicine, Peuker, Muff, and 
colleagues explored novel relationships among epithelial 
cell-intrinsic calcineurin and NFAT pathway activation, 
microbiota-mediated stimulation of TLR expressing 
by IECs, and stem cell-associated gene expression 
controlled by calcium-dependent signaling pathway, which 
cooperatively functioned to the CRC development (12). 
In a mouse model of intestinal tumors (ApcMin/+), they 
demonstrated that IEC-specific deletion of the regulatory 
B1 subunit of calcineurin, which is required for calcineurin 
activation (CNB1∆IEC) resulted in fewer tumors and reduced 
tumor size. Notably, high expression of NFAT was observed 
in CRC cell lines and CRC-patient derived section, and 
IEC-specific deletion of NFAT in ApcMin/+ mouse model 
also resulted in reduced tumor size and number, similar to 
the effect seen in CNB1∆IEC mice. These results suggested 
that calcineurin promotes intestinal tumorigenesis through 
NFAT activation. TLR stimulation similarly activated 
calcineurin and increased NFAT-dependent transcriptional 
activity in CRC cells leads to progression of CNB1-
wild type, but not CNB1∆IEC tumors. This tumorigenic 
effect required the impaired stratification following the 
recognition of the commensal microbiota by TLR4, as 
antibiotic treatment in ApcMin/+ tumors decreased NFAT-
dependent transcription and reduced tumor growth. 
Importantly, they also found that epithelial calcineurin 
supports the survival and proliferation of CSCs via 
regulation of the epithelial response to tumor-associated 
changes in the commensal microbiota. Administration of 
antibiotic reagents or calcineurin inhibitor significantly 
suppressed the expression of stem cell-associated genes 
in IECs. Finally, consistent with these findings, somatic 
mutations that have been identified in human CRC are 
associated with constitutive activation of calcineurin, and 
NFAT nuclear translocation was observed in human CRC 
and correlated with increased CRC mortality.

Interestingly, Peuker, Muff, and colleagues demonstrated 
that CRC cell lines predominantly expressed NFATc3, 
compared to other NFAT family, NFATc1, c2, and c4. 
Indeed, intracellular NFAT expression and function 
depended on cell- or tissue-specific manner (13-15). NFAT 
c3 and c4 are expressed in the developing myocardium, 
whereas NFATc1 is expressed in developing heart valves (13).  
In chondrocytes, NFATc2 plays as an endogenous negative 
regulator for cartilage differentiation (14). In endothelial 

cells (ECs), NFATc1, c2, c3 are at least expressed and 
contributed the calcineurin signaling (16). Genome-wide 
screenings provided the evidence that NFATc1 could 
transduce vascular endothelial growth factor (VEGF)-
mediated signaling and transcriptionally regulated 
angiogenesis-related genes (15). Thus, the mechanism 
which IECs predominantly expressing NFATc3 exhibit 
the calcineurin and NFAT signal-dependent CRC 
development may exist and give a hint to improving the 
therapeutic specificity in terms of NFATc3 targeting 
treatment. Accumulating evidences that not only cancer 
cells but also cancer-associated stromal cells including 
leukocytes, fibroblasts and ECs play crucial roles for 
tumor development and progression via providing pro-
inflammatory and pro-tumorigenic microenvironment (17). 
From the sight of tumor microenvironment, the exposure of 
certain microbiota to IECs resulted in the activation of TLR 
and expression of NFAT-mediated gene can be strong pro-
tumorigenic triggers such as infiltration and activation of 
neutrophils, macrophages, fibroblasts, and ECs in cancerous 
tissue. Whereas there are few reports approaching the 
role of calcineurin and NFAT signaling in these cancer-
associated stromal cells, it has been shown the importance of 
NFAT-regulated gene expression in endothelium. Recently, 
we found that many of pro-angiogenic genes related to 
ECs activation in endothelium during the pathological 
condition including cancer were relied on calcineurin-
NFAT pathways and transcriptional activity (16,18). 
Together these findings, NFAT family-mediated signaling 
pathways that are activated by calcineurin play specific 
roles in cancer development and progression not only 
in the cancer but also in the stromal tissue. In this issue, 
Peuker, Muff, and colleagues also demonstrated that the 
epithelial calcineurin–NFATc3 signal regulated CSCs even 
though they did not find evidences for roles of canonical or 
non-canonical Wnt signaling in the calcineurin-activated 
IECs. Recently, Kesselring et al. published the article to 
Cancer Cell; they demonstrated that IRAK-M, a negative 
regulator of TLR-MYD88-IRAK signaling, contributes to 
inflammation-associated CRC progression (19). IRAK-M 
expression was induced in epithelial cells through combined 
TLR2/4 and Wnt activation and was associated with altered 
microbiota composition and bacterial diversity. These 
findings indicated that survival and proliferation of CSCs in 
terms of stem cell-associated gene expression and functional 
cellular phenotypes are maintained by simultaneously 
activation of many intracellular signals including Wnt, 
TLR and calcineurin-mediated pathways. There are still 
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undetermined mechanisms associated with composition 
and stratification of microbiota alterations, and whether the 
dietary components such as nutrients and fibers give any 
effects on microbial homeostasis in this oncogenic context. 
In fact, most CRC cases show a strong and complex 
association with diet and microbial metabolism (10).  
Some of metabolites produced from micrbiota affected 
by dietary components are responsible for the CRC 
development via secretion of proinflammatory mediator 
and DNA damage in IECs. There has been that differences 
between the composition of the microbial community in 
patients with CRC and that of healthy subjects, and are 
partially but definitely considered as a cause of the disease. 
Combined with targeting therapy of IEC-specific molecular 
mechanisms and changing diet intake might be more 
effective to prevent CRC development and progression.

In summary, as shown in Figure 1, Peuker, Muff, and 
colleagues revealed an epithelial-intrinsic oncogenic 

pathway that regulated by the calcium-dependent signal 
such as calcineurin and NFAT, synergized with TLR 
activation by the commensal microbiota result in the CRC 
development. The activation of this pathway promotes 
the CSC-associated gene expression contribute to the 
survival and proliferation of CSCs. Although there are 
still unsolved questions, this study clearly proposed 
a distinctive interaction between activation of IECs 
and microbiota which may be amenable to therapeutic 
targeting. 
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Figure 1 Schematic image of the novel epithelial intrinsic signal in colorectal cancer (CRC) development and undetermined issues. Primary 
CRC cells showed constitutively expressed calcineurin and NFATc3 that activated by calcium release-activated channels (CRACs) supplied 
and endoplasmic reticulum (ER) store-operated calcium. These calcium-dependent signals are promoted by TLR4 stimulation with the 
commensal microbiota following impaired stratification and dysfunction of biological intestinal barrier. Activated NFATc3 transcription 
factor promotes stem cell-associated genes for maintain of CSCs. Rectangles indicate undetermined issues. TAMs, tumor-associated 
macrophages; TANs, tumor-associated neutrophils; ECs, endothelial cells; PLC-γ, phospholipase C-gamma; IECs, intestinal epithelial cells.
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