
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

 

 

King’s Research Portal 
 

DOI:
10.15698/cst2019.04.184

Document Version
Publisher's PDF, also known as Version of record

Link to publication record in King's Research Portal

Citation for published version (APA):
Sequeira, I., & Watt, F. M. (2019). The role of keratins in modulating carcinogenesis via communication with
cells of the immune system. Cell Stress, 3(4), 136-138. https://doi.org/10.15698/cst2019.04.184

Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.

General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.

•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 14. Jan. 2025

https://doi.org/10.15698/cst2019.04.184
https://kclpure.kcl.ac.uk/portal/en/publications/756d02ca-5413-4b27-bb18-3275cc2bcb9c
https://doi.org/10.15698/cst2019.04.184


 

 

 
 

OPEN ACCESS | www.cell-stress.com 136 Cell Stress | APRIL 2019 | Vol. 3 No. 4 

www.cell-stress.com 

Microreview 

 
The role of keratins in modulating carcinogenesis via 
communication with cells of the immune system 

 

Inês Sequeira1,* and Fiona M. Watt1,* 
1 Centre for Stem Cells & Regenerative Medicine, King's College London, Guy's Hospital, Great Maze Pond, London SE1 9RT, UK. 
* Corresponding Authors:  
Inês Sequeira, Tel: +44 20 7188 5601; E-mail: ines.sequeira@kcl.ac.uk; 
Fiona M. Watt, Tel: +44 20 7188 5608; E-mail: fiona.watt@kcl.ac.uk 

 
 

 

Keratins are intermediate filament proteins expressed 
by epithelial cells and provide mechanical support for 
diverse epithelia. In our recent study (Sequeira et al., 
Nat Comm 9(1):3437), we analysed the role of keratin 
76 (Krt76) in inflammation and cancer. Krt76 is ex-
pressed throughout embryonic development in the 
differentiated epithelial layers of a subset of stratified 
epithelia including tongue, palate and stomach. It is 
significantly downregulated in human oral squamous 
cell carcinoma (OSCC), correlating strongly with poor 
prognosis. We have shown that Krt76-/- mice exhibit 
systemic inflammation with increased levels of circu-
lating B cells, regulatory T cells and effector T cells. 
When mice are given a chemical carcinogen in the 
drinking water, tongue and gastric cancer formation is 
accelerated in Krt76-/- mutant mice. Our data suggest 
that the increased tumour susceptibility of Krt76-/- 
mice is in part due to the enhanced accumulation of 
regulatory T cells in the tumour microenvironment. 
Our results support the notion that keratins, in addi-
tion to their function as cytoskeletal components, reg-
ulate immunity and affect tumour susceptibility of epi-
thelial cells. 
 
The connection between inflammation and cancer has 
been well established; however, little is known about the 
underlying mechanisms in the context of keratin loss. 
Keratins belong to a large family of intermediate filament-
forming proteins with a crucial role in maintaining epitheli-
al integrity. Keratins are also involved in additional cellular 
functions, including apico-basal polarisation, regulation of 
intracellular signalling pathways, cellular motility, cell size 
control, cell proliferation, and intracellular transport. 
Therefore, defects in keratins can lead to loss of cell integ-

rity and are linked to a variety of epithelial disorders and 
cancers. In addition, there is growing evidence that 
keratins can act as regulators of inflammation and immuni-
ty in multilayered epithelia.  

Using Krt76-deficient mice (Krt76-/-), we have demon-
strated an interesting and novel role for Krt76 in keeping 
the immune system in check and preventing oral and gas-
tric cancer. In our study (Sequeira et al., Nat Comm 
9(1):3437), we have shown that upon loss of Krt76, mice 
develop a systemic inflammation, characterised by spleen 
and lymph node enlargement, increased numbers of B cells, 
of CD4+ CD44high CD62Llow effector T cells (Teff) and of CD4+ 
CD25+ Foxp3+ regulatory T cells (Tregs), together with an 
increase in circulating pro-inflammatory cytokine levels. 
Several cytokines, including IL-6, IL-10, and TNFα, were 
found at increased levels in the serum, tongue, and squa-
mous stomach of Krt76-/- mice, suggesting that the loss of 
Krt76 leads to increased inflammation both locally and 
systemically. 

To discover whether the functionality of Tregs and Teff 
differed in Krt76-/- and control mice we performed in vitro 
cell suppression assays. Functional and phenotypical analy-
sis of the T cell populations showed that not only were the 
numbers of Tregs increased in Krt76-/- mice, but they also 
inhibited Teff proliferation more effectively than control 
Tregs (Figure 1). The increased suppressive capacity of 
Tregs from Krt76-/- mice correlated with increased capacity 
to inhibit pro-inflammatory cytokine production and in-
creased expression of the Treg functional suppressive 
markers CD39 and CD73. In addition, the proliferative ac-
tivity of Teff from Krt76-/- mice was lower than that of con-
trol Teff. CD39+ Tregs are known to suppress T cell prolifer-
ation and inflammatory cytokine production more effi-
ciently than CD39- Tregs.  

Recent advances in the field support the view that 
Tregs play a major role in the tumour microenvironment 

 
 
________________________ 

MICROREVIEW on: Sequeira I, Neves JF, Carrero D, Peng Q, Palasz N, Liakath-Ali K, Lord GM, Morgan PR, Lombardi G, Watt FM (2018). Nat 
Commun 9(1):3437. doi: 10.1038/s41467-018-05872-4 
 
doi: 10.15698/cst2019.04.184 
Received 05.03.2019, Accepted 13.03.2019, Published 23.03.2019. 
Keywords: cancer, keratin, Krt76, regulatory T cells, immunoregulation, anti-tumour. 



I. Sequeira and F.M. Watt (2019)  Keratins modulate inflammation and carcinogenesis 

 
 

OPEN ACCESS | www.cell-stress.com 137 Cell Stress | APRIL 2019 | Vol. 3 No. 4 

and contribute to tumour growth by controlling the anti-
tumor immune response (Figure 1). We therefore tested 
the highly suppressive role of Tregs from Krt76-/- mice in 
carcinogenesis. Krt76-/- mice do not develop spontaneous 
tumours. We administered a synthetic carcinogen, 
4-nitroquinoline N-oxide (4NQO), in the drinking water for 
16 weeks and monitored tumour incidence for a total of 28 
weeks. 4NQO treatment led to hyperplasia in the oral epi-
thelium of control mice from 8 weeks of treatment, fol-
lowed by dysplasia from 10 to 12 weeks, and the develop-
ment of oral squamous cell carcinoma by 22 weeks. Krt76, 
known to be downregulated in human OSCC, was also 
found downregulated in the lesions. However, Krt76-/- mice 
developed oral and squamous stomach tumours at an in-
creased frequency relative to wild-type mice. Therefore, 
genetic ablation of Krt76 protein increases tumour inci-
dence in tongue and squamous stomach.  

No histological changes or epithelial barrier defects 
were observed in Krt76-/- tongue or stomach epithelia, de-
spite the fact that loss of Krt76 in the skin leads to impair-
ment of the epithelial barrier. Therefore, the increase in 
tumour incidence is not due to increased carcinogen pene-
tration. Instead, the increased susceptibility to developing 
cancer of the oral cavity and squamous stomach was corre-
lated with an exacerbated inflammatory response to the 
carcinogen. We found that 4NQO-treated Krt76-/- mice 
exhibited higher increases in serum levels of IFNγ, IL-4, IL-6, 
IL-10, and TNFα than control mice. Previous studies have 
shown that a large number of Tregs are present in tumours 
and draining lymph nodes. Analysis of the tumour micro-
environment within hyperplastic and dysplastic lesions 
showed increased immune cell infiltrate, higher numbers 
of infiltrating Tregs and decreased ratios of Teff, suggesting 
a higher inhibition of Teff in the Krt76-/- tumours. Further-
more, carcinogenesis could be further increased in Krt76-/- 

mice when the number of Tregs was elevated experimen-
tally using DEREG chimeric mice. This supports the concept 
that the increase in Tregs is correlated with increase of 
tumour incidence. We also obtained evidence that in hu-
man OSCC, increased Foxp3+ Tregs are found in Krt76-
deficient regions. 

We therefore suggest that upon loss of Krt76 and the 
consequent increase in Tregs, there is a failure in anti-
tumour immunity that may be caused by an exaggerated 
suppression of anti-tumour-associated antigen-reactive 
lymphocytes. This is mediated by Tregs that dampen the 
anti-tumour response of activated T-cells, leading to an 
inhibition of the anti-tumour response (Figure 1). 

 

CONCLUSION  
According to our findings, Krt76 is not only a cytoskeleton 
protein but also regulates immunity in mice. Krt76-/- mice 
exhibit a marked inflammatory phenotype with systemic 
components and are more prone to tumourigenesis, sug-
gesting a previously unidentified role for Krt76 in regulat-
ing immunity and emphasising its importance in tumour 
progression.  

The response of Krt76-/- mice to carcinogen included an 
exacerbated induction of inflammatory cytokines and en-
hanced accumulation of Tregs in the tumour microenvi-
ronment, leading to a drop in anti-tumour response corre-
lated with an exaggerated suppression of the anti-tumour-
associated antigen-reactive and increased epithelial cell 
proliferation (Figure 1, Krt76-/-). 

The inability to resolve chronic inflammation is consid-
ered one of the triggers of carcinogenesis, and a major 
obstacle to successful tumour immunotherapy. Various 
strategies have been applied towards therapeutic modula-
tion of Treg function by depleting Tregs, by attenuating 
Treg suppressive function, or by rendering Teff refractory 

FIGURE 1: Summary schema of the balance between regulatory T cells (Treg) and effector T cells (Teff). Increased numbers of Tregs and 
their increased suppressive function in Krt76-/- mice leads to a decreased antitumour immune response. 
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to Treg-suppression. In this regard, our study highlights the 
importance of keratins as immunomodulators and the po-
tential significance of Tregs in carcinogenesis, making them 
potentially attractive targets for new cancer therapies 
linked to chronic inflammation. 

Future studies will give us a better understanding of 
the mechanism by which loss of Krt76 regulates carcino-
genesis by modulating the immune system and help deci-
pher the newly defined role of keratins in immunoregula-
tion. 
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