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Abstract  

The tumor suppressor CYLD is a deubiquitinating enzyme that acts as a negative 

regulator of several signaling pathways including NF-kappa-B and MAPK activation 

pathways, by affecting the function of important mediators. CYLD regulates several 

cellular processes such as immune responses, inflammation, cell survival, 

proliferation and differentiation. The tumor suppressor function of CYLD seems to be 

cell-type specific and it is important to delineate its involvement in the homeostasis of 

specific tissues in order to understand and exploit its role in oncogenesis . In this 

review, we summarize existing data on the expression and alterations of CYLD in 

certain types of lung and colorectal neoplasias. 
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Introduction 

The cylindromatosis gene Cyld codes 

for a 956 amino-acid protein (CYLD), 

which acts as a tumor suppressor and is 

a critical regulator of many cellular 

processes, such as immune responses, 

inflammation, cell survival, 

proliferation and differentiation. 

CYLD is a deubiquitinating enzyme, 

that specifically cleaves 'Lys-63'- and 

linear 'Met-1'-linked polyubiquitin 

chains. CYLD is mainly implicated on 

NF-kappa-B (NF-κB) and MAPK 

signaling and cytoskeletal dynamics. 

The catalytic deubiquitinating domain 

of CYLD is located at the carboxyl-

terminal region of the protein, and 

three CAP-Gly domains are located 

within the CYLD amino terminal 

region, two of which are capable of 

interacting with microtubules (Yang & 

Zhou, 2016). These interactions affect 

cell migration and cell cycle 

(Wickstrom et al., 2010; Yang et al., 

2014; Stegmeier et al., 2007). CYLD is 

mostly localized in the cytoplasm and 

in the perinuclear spaces of multiple 

cell types. Many data based on RNA 

transcript at Genecards.org indicate 

that CYLD is expressed in low levels 

in a large percentage of somatic cells, 

with immune cells expressing more of 

it (Genecards.org). Loss of CYLD has 

been linked to carcinogenesis to of 

several cell types (Genecards.org). 

 

CYLD and signal transduction  

CYLD regulates signaling pathways 

associated with cell division, cell 

survival and defense mechanisms. In 

particular, it inhibits the signal 

transduction pathways of NF-κB, JNK, 

p38, Akt and Wnt (Chowdhury et al., 

2008). Some of the molecules targeted 

by CYLD for deubiquitination are the 

RIPK1, TRAF2, TRAF6, TAK1 and 

NEMO proteins (Trompouki et al., 

2003). Moreover, CYLD 

deubiquitinates the protein BCL-3, 

preventing it from entering the nucleus 

(Massoumi et al., 2006). It should be 

stressed out that the effect of CYLD on 

the various pathways and substrates 

mentioned, depends on the cell type. 

Therefore, the analysis of the 

molecular mechanism of action of 

CYLD should be performed in every 

cell type in order to be reliable. 

CYLD and neoplasias 

The tumor suppressor gene CYLD has 

attracted the interest of the scientists 

recently, due to its association with 

many types of cancers including 

hepatocellular carcinoma, colorectal 

adenocarcinoma, breast cancer and 

non-small cell lung cancer (Mathis et 

al., 2015). Downregulated expression 

and inactivating mutations within Cyld 

gene have been observed in several 

types of human malignancies (Rajan & 

Ashworth, 2015). In this review, we 

have focused on lung and colon 

neoplasias. 

 

CYLD and lung neoplasias 

Squamous-cell carcinoma (SCC) of the 

lung is the 2nd most common type of 

malignant non-small cell epithelial 

tumors of the lung (25% of lung 

cancers). SCC usually is located in the 

center of the lung, primarily in the 

larger bronchi. This type of cancer is 

highly linked with smoking when 

compared to other types of non-small 

cell lung cancer. According to the 

world health organization (WHO) 

there are 4 subtypes of SCC which are: 

papillary, clear cell, small cell and 

basaloid (Travis et al., 1999), NIH 

non-small cell lung cancer treatment). 

Lung adenocarcinoma is the most 

common type of lung cancer (40% of 

lung cancers). It is characterized by 

frequent histologic heterogeneity. This 

type of lung cancer is associated with 

smoking and is most common to 

younger women and the Asian 

population.  Lung adenocarcinoma is 
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also classified into several variants 

such as: well-differentiated fetal 

adenocarcinoma, mucinous (colloid) 

adenocarcinoma, mucinous 

cystadenocarcinoma, signet ring 

adenocarcinoma and clear cell 

adenocarcinoma. (Travis et al., 1999; 

NIH non-small cell lung cancer 

treatment). The evidence supporting 

the involvement of CYLD in non-small 

cell lung cancer includes its 

suppression in lung cancer samples 

compared to normal tissue (Zhong et 

al., 2007; Zhong et al., 2007; Deng et 

al., 2012; Lin et al., 2016). In addition, 

mice which express a mutant non-

functional form of CYLD (CYLD Δ9), 

are unable to develop a mature and 

functional lung, suggesting an 

important role for CYLD in 

development and differentiation of the 

lung (Trompouki et al., 2009). 

Furthermore, immunohistochemistry 

data from patients with lung cancer, 

extracted from protein atlas 

(www.proteinatlas.org) showed that 

CYLD was undetected in 8/11 

samples, using the CYLD specific 

antiboby HPA050095. Furthermore 

3/11 samples were stained with low 

intensity. The staining was mainly 

cytoplasmic. Additionally, RNA 

sequencing data showed that 43% of 

the patients with low expression of 

CYLD (lower than the expression 

cutoff: 4.47) had a 5-year survival rate 

and 47% with high expression (higher 

than 4.47) had the same 5-year 

survival. As it is suggested from the 

immunohistochemistry data, loss of 

CYLD is connected to carcinogenesis. 

However, due to the very small size of 

the sample, we cannot safely conclude 

on the connection among CYLD 

expression, the progress of 

carcinogenesis and the patient’s 

survival.  

To further investigate the involvement 

of Cyld gene in lung cancer, we 

extracted data from cBioPortal 

(www.cbioportal.org). As it is shown 

in table 1,  CYLD mutations were 

identified in 13 patients out of 487 

with lung squamous cell carcinoma. 

This corresponds to a percentage 3.9%.  

3 out of 13 were due truncations due to 

alternative splicing, 1 was nonsense, 

due to stop codon, and 9 were 

missense (the aminoacid change is 

included in Table 1).  3/13 truncations 

and 5/13 missense mutations are 

located in the catalytic domain at the 

C-terminus. 

Similarly, CYLD mutations were 

identified in 10 patients out of 566 

with lung adenocarcinoma.  This 

corresponds to a percentage 3.1% 

(Table 2).  2 were nonsense mutations 

and 8 were missense . Most of them 

are located in the catalytic domain at 

the C-terminus. 

CYLD and colitis-associated 

colorectal carcinogenesis 
Colorectal cancer (CRC) ranks as the 

third most common malignancy in both 

genders; its most common histologic 

type is adenocarcinoma (Barresi et al., 

2015; Siegel et al., 2017). Regarding 

its incidence there has been a decline 

in the last few years for people aged 

above 50, whereas for the younger 

people, due to better screening 

methods, there has been an increase by 

22%. As far as CRC survival is 

concerned, an improvement has been 

noted, since 5 year survival is now 

reaching 66% for colon and 68% for 

rectal cancer; this is due mostly to 

screening and better treatment 

modalities (Siegel et al., 2017). Most 

of the cases are sporadic (75%) with 

the rest being either familial (20%) or 
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Table 1: CYLD mutations that were identified in 13 patients out of 487 with lung 

squamous cell carcinoma (the data were extracted from cBioPortal,  

www.cbioportal.org). 

 
Protein Change Mutation Type 

X784_splice Splice 

X747_splice Splice 

S809* Nonsense 

X305_splice Splice 

G71V Missense 

V864F Missense 

P682T Missense 

P806S Missense 

S615C Missense 

L230F Missense 

G341V Missense 

P337S Missense 

C817Y Missense 

 

 

inherited (Mármol et al., 2017). 

Various translocations and mutations 

have been found that influence 

important pathways such as WNT, 

MAPK/P13k and TGF-β , thus leading 

to carcinogenesis (Mármol et al., 

2017). Deregulation of CYLD 

expression has been associated with 

several intestinal pathologies, 

including inflammatory bowel disease 

like Crohn’s disease and ulcerative 

colitis in humans (Cleynen et al., 

2014). Furthermore, mice with Cyld  

deficiency have been found to be 

sensitized to colitis-associated cancer 

development, i.e., they exhibit a 

dramatic increase in the incidence and  

 

 

multiplicity of intestinal tumors 

induced by azoxymethane (AOM) and 

dextran sodium sulfate (DSS) (Zhang 

et al., 2006). In addition, intestinal 

epithelial cells (IEC) of mice with Cyld  

deficiency developed larger and 

significantly more adenomatous polyps 

than normal mice, when treated with 

AOM and DSS (Karatzas et al., 2016; 

Fernández-Majada et al., 2016).The 

signaling pathways that mediate the 

tumor suppressing role of CYLD in 

IECs are as yet unknown. Furthermore, 

immunohistochemistry data from 

patients with colorectal 

adenocarcinoma, extracted from “the 

human protein atlas” database  

http://www.cbioportal.org/
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Table 2: CYLD mutations that were identified in 10 patients out of 566 with lung 

adenocarcinoma (the data were extracted from cBioPortal,  www.cbioportal.org). 

 
Protein Change Mutation Type 

Q69* Nonsense 

K114T Missense 

A305S Missense 

G360V Missense 

E390* Nonsense 

E390V Missense 

P464S Missense 

R540M Missense 

G593D Missense 

G900V Missense 

 

 

Table 3:  CYLD mutations that were identified in 17 patients out of 549 with colon 

and rectal adenocarcinoma (the data were extracted from cBioPortal,  

www.cbioportal.org). 

 
Cancer Type Protein Change Mutation Type 

Colon Adenocarcinoma N722Mfs*13 FS del 

Colon Adenocarcinoma N722Mfs*13 FS del 

Colon Adenocarcinoma N722Mfs*13 FS del 

Colon Adenocarcinoma G160R Missense 

Colon Adenocarcinoma P42L Missense 

Colon Adenocarcinoma K658R Missense 

Colon Adenocarcinoma E447D Missense 

Colon Adenocarcinoma V534A Missense 

Colon Adenocarcinoma L939F Missense 

http://www.cbioportal.org/
http://www.cbioportal.org/
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Cancer Type Protein Change Mutation Type 

Rectal Adenocarcinoma G47* Nonsense 

Rectal Adenocarcinoma D893N Missense 

Rectal Adenocarcinoma T340I Missense 

Rectal Adenocarcinoma E684K Missense 

Rectal Adenocarcinoma T778K Missense 

 

(www.proteinatlas.org) showed that 

CYLD was undetected in 4/10 

samples, using the CYLD specific 

antiboby HPA050095. Furthermore 

5/10 samples were stained with 

moderate intensity and 1/10with low 

intesity. The staining was mainly 

cytoplasmic. Additionally, RNA 

sequencing data showed that 62% of 

the patients with low expression of the 

protein (lower than the expression cut 

off: 1,57) had a 5-year survival rate 

and 60% with high CYLD expression 

(higher than 1,57) had the same 5-year 

survival. As it is suggested from the 

immunohistochemistry data, loss of 

CYLD is connected to carcinogenesis 

in humans. However, due to the very 

small size of the sample, we cannot 

safely conclude on the connection 

among CYLD expression, the progress 

of carcinogenesis and the patient’s 

survival. Similarly to the lung data, we 

looked into mutations in the Cyld gene. 

CYLD mutations were identified in 17 

patients out of 549 with colon and 

rectal adenocarcinoma (Table 3, the 

data were extracted from cBioPortal,  

www.cbioportal.org). 9 were identified 

in colon adenocarcinoma, including 3 

deletions, and 5 missense. Similarly, 5 

were identified in rectal 

adenocarcinoma, 1 nonsense and 4 

missense. 

 

Conclusion 

The tumor suppressor CYLD was 

discovered in the year 2000. Since then 

significant and crucial progress has 

occured towards understanding the 

anti-tumor and the physiological 

function of CYLD, as well as 

discovering the molecular mechanism 

of its signaling action. CYLD and its 

genetic mutations are associated with 

skin appendage tumors. However, it 

has been found that mutations and 

reduced expression of CYLD also exist 

in other types of tumors. It has been 

shown that CYLD has a critical role 

mainly in the regulation of the NF-κB  

and MAPK pathways, thus playing an 

important role on the growth and 

survival of different types of cancer 

cells. The studies in animal models 

have been crucial in further 

understanding the physiological 

functions and the tumor suppressor 

action of CYLD. Even though there 

have been some discrepancies in the 

findings, it is generally accepted that 

CYLD has an important role in the 

regulation of the immune response, the 

inflammation process, the development 

of immune and non-immune cells, 

apoptosis, tumorigenesis, mitosis and 

cell migration.  Further studies are 

required  to elucidate its cell type-

dependent and  stimuli-dependent 

roles. 

Understanding how CYLD regulates 

normal biological functions and how 

its expression can be augmented could 

lead to new therapeutic approaches. 

Towards this direction, previous 

http://www.proteinatlas.org/
http://www.cbioportal.org/
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studies have  shown that expression of 

CYLD can be increased after treatment 

with histone deacetylase inhibitors 

(Kotantaki and Mosialos, 2016) and 

TZD (Pseftogas et al, 2017) in liver 

and breast cancer cell lines 

respectively. It will be significant to 

screen for drugs that can augment 

CYLD expression in different tumor 

cell lines. A better understanding of 

CYLD regulation is important for 

using this tumor suppressor as a new 

anti-cancer therapeutic target. 

References  

Barresi, V., Reggiani Bonetti, L., Ieni, 

A., Caruso, R. A., & Tuccari, G. 

(2015). Histological grading in 

colorectal cancer: new insights and 

perspectives. Histology and 

Histopathology, 30(9), 1059–1067. 

https://doi.org/10.14670/HH-11-633 

 

Chowdhury, T. T., Salter, D. M., 

Bader, D. L., & Lee, D. A. (2008). 

Signal transduction pathways 

involving p38 MAPK, JNK, NFκB and 

AP-1 influences the response of 

chondrocytes cultured in agarose 

constructs to IL-1β and dynamic 

compression. Inflammation Research, 

57(7), 306–313. 

https://doi.org/10.1007/s00011-007-

7126-y 

Cleynen, I., Vazeille, E., Artieda, M., 

Verspaget, H. W., Szczypiorska, M., 

Bringer, M.-A., Lakatos, P. L., 

Seibold, F., Parnell, K., Weersma, R. 

K., Mahachie John, J. M., Morgan-

Walsh, R., Staelens, D., Arijs, I., De 

Hertogh, G., Müller, S., Tordai, A., 

Hommes, D. W., Ahmad, T., … 

Darfeuille-Michaud, A. (2014). 

Genetic and microbial factors 

modulating the ubiquitin proteasome 

system in inflammatory bowel disease. 

Gut, 63(8), 1265–1274. 

https://doi.org/10.1136/gutjnl-2012-

303205 

Deng, L. L., Shao, Y. X., Lv, H. F., 

Deng, H. B., & Lv, F. Z. (2012). Over-

expressing CYLD augments antitumor 

activity of TRAIL by inhibiting the 

NF-κB survival signaling in lung 

cancer cells. Neoplasma, 59(01), 18–

29. 

https://doi.org/10.4149/neo_2012_003 

Fernández-Majada, V., Welz, P.-S., 

Ermolaeva, M. A., Schell, M., Adam, 

A., Dietlein, F., Komander, D., 

Büttner, R., Thomas, R. K., 

Schumacher, B., & Pasparakis, M. 

(2016). The tumour suppressor CYLD 

regulates the p53 DNA damage 

response. Nature Communications, 

7(1), 12508. Σφάλμα! Η αναφορά της 

υπερ-σύνδεσης δεν είναι 

έγκυρη.https://doi.org/10.1038/ncomm

s12508 

https://www.cancer.gov/types/lung/hp/

non-small-cell-lung-treatment-pdq 

(national cancer institute)  

https://www.cbioportal.org/  

https://www.genecards.org/cgi-

bin/carddisp.pl?gene=CYLD&keywor

ds=cyld   

https://www.proteinatlas.org/ENSG00

000083799-CYLD  

Karatzas, D. N., Xanthopoulos, K., 

Kotantaki, P., Pseftogas, A., Teliousis, 

K., Hatzivassiliou, E. G., 

Kontoyiannis, D. L., Poutahidis, T., & 

Mosialos, G. (2016). Inactivation of 

CYLD in intestinal epithelial cells 

exacerbates colitis-associated 

colorectal carcinogenesis - a short 

report. Cellular Oncology, 39(3), 287–

https://doi.org/10.14670/HH-11-633


Aristotle Biomedical Journal, Vol 2, No 1 e-ISSN: 2653-9748 

 

59 

 

293. https://doi.org/10.1007/s13402-

016-0279-3  

Lin, X., Chen, Q., Huang, C., & Xu, X. 

(2016). CYLD Promotes TNF- α -

Induced Cell Necrosis Mediated by 

RIP-1 in Human Lung Cancer Cells. 

Mediators of Inflammation, 2016, 1–

11. 

https://doi.org/10.1155/2016/1542786 

Mármol, I., Sánchez-de-Diego, C., 

Dieste, A. P., Cerrada, E., & Yoldi, M. 

J. R. (2017). Colorectal carcinoma: A 

general overview and future 

perspectives in colorectal cancer. In 

International Journal of Molecular 

Sciences (Vol. 18, Issue 1). 

https://doi.org/10.3390/ijms18010197 

Massoumi, R., Chmielarska, K., 

Hennecke, K., Pfeifer, A., & Fässler, 

R. (2006). Cyld Inhibits Tumor Cell 

Proliferation by Blocking Bcl-3-

Dependent NF-κB Signaling. Cell, 

125(4), 665–677. 

https://doi.org/10.1016/j.cell.2006.03.0

41 

Mathis, B., Lai, Y., Qu, C., Janicki, J., 

& Cui, T. (2015). CYLD-Mediated 

Signaling and Diseases. Current Drug 

Targets, 16(4), 284–294. 

https://doi.org/10.2174/138945011566

6141024152421 

Rajan, N., & Ashworth, A. (2015). 

Inherited cylindromas: lessons from a 

rare tumour. The Lancet. Oncology, 

16(9), e460–e469. 

https://doi.org/10.1016/S1470-

2045(15)00245-4  

Siegel, R. L., Miller, K. D., Fedewa, S. 

A., Ahnen, D. J., Meester, R. G. S., 

Barzi, A., & Jemal, A. (2017). 

Colorectal cancer statistics, 2017. CA: 

A Cancer Journal for Clinicians, 67(3), 

177–193. 

https://doi.org/10.3322/caac.21395 

Stegmeier, F., Sowa, M. E., Nalepa, 

G., Gygi, S. P., Harper, J. W., & 

Elledge, S. J. (2007). The tumor 

suppressor CYLD regulates entry into 

mitosis. Proceedings of the National 

Academy of Sciences of the United 

States of America, 104(21), 8869–

8874. 

https://doi.org/10.1073/pnas.07032681

04 

Travis, W. D., Colby, T. V., Corrin, B., 

Shimosato, Y., & Brambilla, E. (1999). 

Histological Typing of Lung and 

Pleural Tumours. In Histological 

Typing of Lung and Pleural Tumours. 

https://doi.org/10.1007/978-3-642-

60049-4 

Trompouki, E., Hatzivassiliou, E., 

Tsichritzis, T., Farmer, H., Ashworth, 

A., & Mosialos, G. (2003). CYLD is a 

deubiquitinating enzyme that 

negatively regulates NF-kappaB 

activation  by TNFR family members. 

Nature, 424(6950), 793–796. 

https://doi.org/10.1038/nature01803 

Trompouki, E., Tsagaratou, A., 

Kosmidis, S. K., Dollé, P., Qian, J., 

Kontoyiannis, D. L., Cardoso, W. V., 

& Mosialos, G. (2009). Truncation of 

the Catalytic Domain of the 

Cylindromatosis Tumor Suppressor 

Impairs Lung Maturation. Neoplasia, 

11(5), 469–476. 

https://doi.org/10.1593/neo.81424 

Wickstrom, S. A., Masoumi, K. C., 

Khochbin, S., Fassler, R., & 

Massoumi, R. (2010). CYLD 

negatively regulates cell-cycle 

progression by inactivating HDAC6 

and increasing the levels of acetylated 

tubulin. The EMBO Journal, 29(1), 

https://doi.org/10.1016/j.cell.2006.03.041
https://doi.org/10.1016/j.cell.2006.03.041


Aristotle Biomedical Journal, Vol 2, No 1 e-ISSN: 2653-9748 

 

60 

 

131–144. 

https://doi.org/10.1038/emboj.2009.31

7 

Yang, Y., Liu, M., Li, D., Ran, J., Gao, 

J., Suo, S., Sun, S.-C., & Zhou, J. 

(2014). CYLD regulates spindle 

orientation by stabilizing astral 

microtubules and promoting 

dishevelled-NuMA-dynein/dynactin 

complex formation. Proceedings of the 

National Academy of Sciences of the 

United States of America, 111(6), 

2158–2163. 

https://doi.org/10.1073/pnas.13193411

11 

Yang, Y., & Zhou, J. (2016). CYLD - 

a deubiquitylase that acts to fine-tune 

microtubule properties and functions. 

Journal of Cell Science, 129(12), 

2289–2295. 

https://doi.org/10.1242/jcs.183319  

Zhang, J., Stirling, B., Temmerman, S. 

T., Ma, C. A., Fuss, I. J., Derry, J. M. 

J., & Jain, A. (2006). Impaired 

regulation of NF-κB and increased 

susceptibility to colitis-associated 

tumorigenesis in CYLD-deficient 

mice. Journal of Clinical Investigation, 

116(11), 3042–3049. 

https://doi.org/10.1172/JCI28746   

Zhong, S., Fields, C. R., Su, N., Pan, 

Y.-X., & Robertson, K. D. (2007). 

Pharmacologic inhibition of epigenetic 

modifications, coupled with gene 

expression profiling, reveals novel 

targets of aberrant DNA methylation 

and histone deacetylation in lung 

cancer. Oncogene, 26(18), 2621–2634. 

https://doi.org/10.1038/sj.onc.1210041 

 

 

 

 

 

 

 

 


