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ABSTRACT

Epithelial cells typically express E-cadherin, mesenchy-
mal cells express various cadherins, including N-cadherin, 
R-cadherin and cadherin-11. N-cadherin is also known as 
neural-cadherin, non-epthelial cadherin or cadherin-2 and 
CD325. The term cadherin switching usually refers to a switch 
from expression of E-cadherin to expression of N-cadherin.
Several studies from current literature have shown de novo 
expression, re-expression, up-regulation and down-regulation 
of N-Cadherin in human tumors and tumoral cell lines like 
breast cancer, gastric cancer, pancreatic cancer, esophageal 
cancer, oral cancer, prostate cancer, lung cancer, and urinary 
system cancer.We focus here on the pattern of N-cadherin 
expression in these malignant tumors of the epithelial origin 
to evaluate its critical contribution in tumor progression and 
prognosis.
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INTRODUCTION

Cadherins are single pass trasmembrane proteins that are syn-
thesized with a single peptide(SP) and pro region(pro),which 
are removed during protein processing. The extracellular 
domain comprises five homologous repeats(EC1-EC5) that 
are bridged by calcium ions(Ca2+).The cytoplasmic domain 
binds to p120-catnin(p120ctn) near the plasma membrane 
and to β-catenin near the C-terminus. β-catenin binds to 
α-catenin to link the cadherin complex to the actin cytoskel-
eton.1

More than 80 different members constitute the group of cad-
herins,such as the well investigated epithelial,neural and pla-
cental cadherins. Epithelial cells typically express E-cadher-
in, whereas mesenchymal cells express various cadherins, 
including N-cadherin, R-cadherin and cadherin-11. Endothe-
lial cells express VE-cadherin, which is specific to these 
cells and is found in the junctional complex, and N-cadherin, 
which is not found in junctions and has an unclear function. 
Cadherins are important in the establishment of cell polarity 
and cell sorting during embryonic development.1,2

N-cadherin was first identified in 1982 (Grunwald et al., 
1982) as a 130 kD molecule in the chick neural retina that was 
protected by calcium from proteolysis, and in 1984 A-CAM 
was identified (now called N-cadherin) as a molecule that 
was localised at the adherens junctions (Volk and Geiger, 

1984).In the nomenclature of CD antigens the new designa-
tion for N-cadherin is CD325, N-cadherin is also known as 
neural-cadherin, non-epthelial cadherin or cadherin-2. The 
N-cadherin gene in mice was located on chromosome 18 
(Miyatani et al.1989) and via Yeast Artificial Chromosome 
(YAC) analysis the structure of the human N-cadherin gene 
was determined, the entire N-cadherin gene was mapped to 
a 250-kb region on chromosome 18q11.2. The gene is com-
posed of 16 exons, and homology was found not only be-
tween human and mouse, but also between N-cadherin and 
other cadherins (Wallis et al., 1994). N-cadherin typically 
forms homotypic homophilic interactions; also heterotyp-
ic homophilic and heterophilic interactions have been de-
scribed.3

The term cadherin switching usually refers to a switch from 
expression of E-cadherin to expression of N-cadherin, but 
also includes situations in which E-cadherin expression lev-
els do not change significantly but the cells turn on (or in-
crease) expression of N-cadherin. It also includes examples 
in which other cadherins replace or are co-expressed with 
E-cadherin, including R-cadherin,cadherin 11, T-cadherin 
and even P-cadherin, and the expression of the ‘inappropri-
ate cadherin’ might alter the behavior of the tumor cells.1

Several studies from current literature have shown de novo 
expression, re-expression, up-regulation and down-regula-
tion of N-Cadherin in human tumors and tumoral cell lines. 
We focus here on the pattern of N-cadherin expression in 
different malignant tumors of the epithelial origin to evaluate 
its critical contribution in tumor progression and prognosis.

Breast cancer
In breast cancer, N-cadherin promotes motility, invasion, and 
metastasis even in the presence of the normally suppressive 
E-cadherin. The increase in MMP-9 production by N-cad-
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herin expressing cells in response to a growth factor(FGF-2) 
may endow them with a greater ability to penetrate matrix 
protein barriers, while the increase in their adherence to en-
dothelium may improve their ability to enter and exit the 
vasculature, two properties that may be responsible for me-
tastasis of N-cadherin expressing cells (Rachel B. Hazan and 
others, 2000).4 Marvin T. Nieman et al(1999)also suggested 
that N-cadherin promotes motility and invasion and that de-
creased expression of E-cadherin does not necessarily corre-
late with motility or invasion in breast cancer cells.5

Overexpression of N-cadherin and Snail were also signifi-
cantly correlated with poorly differentiated carcinoma, pos-
itive node status, and poor Nottingham Prognostic Index. 
They suggested that increased N-cadherin and decreased 
E-cadherin expression may be used as indicators of the pro-
gression and prognosis of invasive ductal carcinoma (H M 
Abd ElMoneim et al (2011).6 The presence of N-cadherin 
prevents the re-expression of E-cadherin and localization of 
β-catenin at the plasma membrane of mesenchymal mamma-
ry carcinoma cells. N-cadherin is also required to maintain 
the expression of VE-cadherin in malignant tumor cells but 
not vice versa. Thus, N-cadherin acts in concert with VE-cad-
herin to promote tumor growth.7 (Maryam Rezaei et al 2012)

Gastric cancer
The abnormal expression of N-cadherin were involved in the 
process of invasion and metastasis of GC. The data showed 
that E-cadherin might switch to N-cadherin. TGF-β1 and 
Snail might play a fundamental role in the process (Yingfeng 
Zhu et al 2007).8 Expression of N-cadherin was observed in 
varying degrees in the intercellular spaces between tumor 
cells in 11 tubular adenocarcinomas and in six poorly dif-
ferentiated adenocarcinomas, including E-cadherin-negative 
cases (Kunio Yanagimoto et al 2001).9 Takahito Kamikihara 
et al (2012), also studied the neoexpression of N-cadherin in 
gastric cancer may be a useful prognostic marker independ-
ent of E-cadherin expression.10

Pancreatic cancer
N-cadherin expression correlated with neural invasion, his-
tological type, fibroblast growth factor expression in primary 
tumors and TGF expression and vementin in metastatic tu-
mors. overexpression of N-cadherin is involved in Epitheli-
al-Mesenchymal Transition (EMT) and is affected by growth 
factors. Because EMT is an important process in the invasion 
and metastasis of malignant tumor cells, it is possible that 
N-cadherin is the adhesion molecule not only to acquire the 
fibroblastic morphology of EMT but also to obtain invasive 
and metastatic potential.11 (S Nakajima et al 2004)
The N-cadherin antagonist ADH-1 has significant antitumor 
activity against N-cadherin-expressing pancreatic cancer 
cells, both in vitro and in an orthotopic mouse model for 
pancreatic cancer (Y Shintani et al,2008). This study highly 
implicates N-cadherin as a valid target for treatment of hu-
man pancreatic cancer, and suggests that N-cadherin antag-

onists like ADH-1 that target its adhesive function should be 
developed for use in treatment of human pancreatic cancer.12

Esophageal cancer
N-cadherin expression was negatively correlated to E-cad-
herin expression in Esophageal squamous cell carci-
noma(ESCC). Negativity of E-cadherin and positivity of 
N-cadherin were correlated to invasion, differentiation, and 
lymph node metastasis of ESCC. (Ke Li et al 2009)13 The 
knock-down of N-cadherin in ESCC cell line (EC9706) 
could arrest cell cycle at G0/G1 phase, induce cell apoptosis, 
reduce the invasiveness in vitro, and inhibit the tumor for-
mation in vivo. These results suggest that N-cadherin is an 
important factor in the progression and metastasis of ESCC 
and N-cadherin may serve as a potential molecular target for 
biotherapy of ESCC.14 (Li K et al 2010).

Oral cancer
The squamous cell carcinoma derived cell line which is ex-
pressed N-cadherin and displayed a scattered fibroblastic 
phenotype along with decreased expression of E- and P-cad-
herin. Transfection of this cell line with antisense N-cad-
herin resulted in reversion to a normal appearing squamous 
epithelial cell with increased E- and P-cadherin expression. 
In addition, transfection of a normal-appearing squamous 
epithelial cell line with N-cadherin resulted in downregula-
tion of both E- and P-cadherin and a scattered fibroblastic 
phenotype.15 (S Islam et al 1996). Reduced E-cadharin and 
positive N-cadharin expression are closely associated in oral 
squamous cell carcinoma, cadherin switching probably plays 
an a important role in the development of oral squamous cell 
carcinoma and metastasis.16 (S W PYO et al 2007)
In oral squamous cell carcinoma, the nuclear pattern of 
N-Cadherin expression was particularly observed in dedif-
ferentiated cancer, characterized by a worse prognosis (M. 
Di Domenico et al,2011). Therefore the pattern of cadherin 
expression might constitute a useful diagnostic and prognos-
tic tool in the evaluation of tumors and for determining the 
histogenesis of tumour cells. Moreover, they found a statisti-
cally significant correlation between N-Cadherin expression 
and grade, and a statistical trend for stage.17

Nguyen P T et al (2011) suggested that i) N-cadherin may 
play an important role in malignant behaviors of Head and 
neck squamous cell carcinoma(HNSCC) and ii) cadherin 
switching might be considered as a discrete critical event in 
EMT and metastatic potential of HNSCC.18 The increased 
invasiveness seen in N-cadherin expressing cells of the oral 
squamous cell carcinoma are the result of N-cadherin-driv-
en signaling pathways and not due to the associated loss of 
E-cadherin (K R. Lawson et al 2006).19 The upregulation 
of Snail and N-cadherin and downregulation of E-cadher-
in correlated significantly with both integrin-linked kinase 
(ILK) over expression and tumor metastasis (Dan zhao et 
al 2012).They suggested that ILK may have an important 
role in progression and metastasis of oral squamous cell car-
cinoma, possibly through EMT involving up-regulation of 
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Snail and consequent aberrant expression of E-cadherin and 
N-cadherin.20 

Prostate cancer
N-cadherin may involved in the progression of prostate 
carcinoma from epithelium to mesenchyme; it is likely that 
N-cadherin mediates a less stable cell-cell adhesion and may 
allow for carcinoma cell invasion and stromal interactions. 
N-cadherin mediates adhesion between α-catenin-deficient 
PC-3N (Prostate cancer) cells and stromal fibroblasts, which 
contain normal levels of all of the catenins. N-cadherin in 
PC-3N cells may regulate the cellular outgrowth through 
cell-cell interactions, which may allow PC-3N to interact 
with surrounding prostate stromal fibroblasts.21 (N L Tran et 
al 1999). 
Meena Jaggi et al (2005), were demonstrated for the first time 
that N-cadherin switching occurs in higher grade prostate 
cancer and correlates significantly with increasing Gleason 
patterns. N-cadherin may be as a useful biomarker of ag-
gressive prostate cancer.22 Formation of N-cadherin junc-
tions promotes 3D (3 dimensional) cell migration of prostate 
cancer cells, and this is partly due to an aberrant regulation 
of the N-cadherin complex in the absence of α-catenin.(Y 
Cui and S Yamada 2013).23

Lung cancer
A study on non-small-cell lung cancer (NSCLC) suggested 
that, the frequency of hypervascular tumours was signifi-
cantly higher for N-cadherin-positive carcinomas than for 
N-cadherin-negative carcinomas and the 5-year survival rate 
of patients with N-cadherin-positive tumours was signifi-
cantly lower than that of patients with N-cadherin-negative 
tumours.24 (T Nakashima and other’s 2003)
Specific tyrosine kinase inhibitors for epidermal growth fac-
tor receptor (EGFR), such as gefitinib, have been effective 
in some NSCLC (Non-small cell lung cancer) patients and 
are being used in the clinical setting as pioneer molecular-
ly targeted cancer drugs. However, many patients have not 
responded to these drugs, and have acquired resistance after 
long-term treatment. Mai Yamauchi et al (2011) suggested 
that, N-cadherin maintains the survival of the gefitinib-re-
sistant lung cancer cells via the PI-3 kinase/Akt survival 
pathway. So N-cadherin is a potential molecular target in 
the treatment of NSCLC.25 Upregulation of N-cadherin in 
H1650ER (Erlotinib-resistant cell line) cells leads to in-
creased tumor cell migration, invasion and tumorigenic po-
tential. The maintenance of the EMT phenotype in H1650ER 
cells may be related to the sustained expression of N-cad-
herin. Therefore, N-cadherin may serve as a promising new 
target for the treatment of cancers with acquired resistance 
to EGFR-TKIs (Epidermal growth factor receptor- Tyrosine 
Kinase Inhibitors. (Xiaoju Zhang et al (2013).26

Urinary system cancer
N-cadherin plays a different role in renal cell carci-

noma(RCC) unlike E cadherin and may be associated with 
the aggressiveness and malignant potential of RCC (Toru 
shimazui et al 2005).27 Carl Ludwig Behnes et al (2012) were 
observed the N-cadherin expression in histological subtypes 
of papillary renal cell carcinoma and N-cadherin represents 
the first immunohistochemical marker for a clear cut differ-
entiation between papillary RCC type I and type II and could 
be a target for therapy and diagnostic in the future.28

N-cadherin was present at cell-cell borders in the very an-
aplastic cell lines of human bladder carcinoma, observed 
by Mialhe A and others (2000) and they were indicated that 
N-cadherin may participate in intercellular adhesion, while 
facilitating bladder tumorigenesis.29 in bladder cancer, loss 
or reduced E-cadherin expression has been associated with 
poor survival, and aberrant expression of N-cadherin has 
been associated with the invasive phenotype of bladder car-
cinoma cells. Richard T. Bryana and Chris Tselepisa (2010), 
were suggested that Cadherin switching is an important pro-
cess late in the molecular pathogenesis of bladder cancer.30

CONCLUSION

N-cadherin mediates a less stable cell-cell adhesion and may 
allow for carcinoma cell invasion and stromal interactions. 
The loss of E-cadherin expression and gain of N-cadherin 
expression is called cadherin switching, that is seen during 
epithelial to mesnchymal transition. Cancer cells derived 
from epithelium inappropriately express N-cadherin, and 
the up regulation of N-cadherin expression has been shown 
to promote motility and invasion. So the maximum expres-
sion of N-cadherin by epithelial tumor cells results advanced 
stage of tumor progression and poor prognosis.

REFERENCES

1. Margaret JW,Yasushi S,Masato M,Yuri F and Keith 
R. J.Cadherin switching.Journal of cell science. 
2008;121,727-735.

2.  Felix B, Bernhard H,Arne S,Peter B,Paul T,Heinz-Joa-
chim R and Carl LB. N-cadherin expression in malig-
nant germ cell tumors of the testis.BMC clinical pathol-
ogy. 2012;12;19.

3. Lara DMD and Marc EB. N-cadherin in the spotlight of 
cell-cell adhesion, differentiation, embryogenesis, inva-
sion and signaling. Int. J. Dev. Biol. 2004;48: 463-476.

4. Rachel BH, Greg RP, Rui FQ, Larry N and Stuart A. 
Exogenous Expression of N-Cadherin in Breast Cancer 
Cells Induces Cell Migration, Invasion, and Metastasis. 
The Journal of Cell Biology. 2000;Volume 148, Number 
4, February 21,779–790.

5. Marvin TN, Ryan SP, Keith RJ, and Margaret JW. 
N-Cadherin Promotes Motility in Human Breast Cancer 
Cells Regardless of their E-Cadherin Expression. The 
Journal of Cell Biology. 1999; Volume 147, Number 3, 
November 1, 631–643.

6. Abd ElMoneim HM, Nasser MZ. Expression of e-cad-
herin, n-cadherin and snail and their correlation with 



Rai et al. A Role of N-Cadherin in Tumor Progression and Prognosis

International Journal of Contemporary Medical Research  
Volume 3 | Issue 1 | January 2016  ISSN (Online): 2393-915X; (Print): 2454-7379

80

clinicopathological variants: an immunohistochemi-
cal study of 132 invasive ductal breast carcinomas in 
Egypt. CLINICS; 201166:1765-1771.

7. Maryam R, Katrin F, Ben W, Aleksandar K, Antje K, 
Myriam L et al. Interplay between neural-cadherin and 
vascular endothelial-cadherin in breast cancer progres-
sion. Breast Cancer Research 2012, 14:R154.

8. Yingfeng Z, Jifeng W, Wei M, Hong Z, Daobin W. Ex-
pression of TGF-β1, Snail, E-cadherin and N-cadherin 
in Gastric Cancer and Its Significance. Chinese Journal 
of Clinical Oncology Dec. 2007, Vol. 4, No. 6 P 384-
389.

9. Kunio Y, Yuichi S,Yutaka S, Benio T, Sadahito K, Oru 
K. Co-expression of N-cadherin and α-fetoprotein in 
stomach cancer. Pathology International. August 2001; 
Volume 51, Issue 8, pages 612–618.

10. Takahito K, Sumiya I,Takaaki A, Masataka M, Hiroshi 
O, Yasuto U et al. Clinical implications of N-cadherin 
expression in gastric cancer. Pathology International. 
March 2012. Volume 62, Issue 3, pages 161–166.

11. Sanae N, Ryuichiro D, Eiji T, Shoichiro T, Michihiko 
W,Masayuki K et al. N-Cadherin Expression and Epi-
thelial-Mesenchymal Transition in Pancreatic Carcino-
ma. Clinical Cancer Research. 2004;Vol. 10, June 15, 
4125–4133. 

12. Yasushi S, Yuri F, Nina Chaika PMG, Michael AH, 
Margaret JW, and Keith RJ. ADH-1 suppresses N-cad-
herin-dependent pancreatic cancer progression. Int. J. 
Cancer: 2008; 122, 71–77.

13. Ke L, Xin W, Wei H, Na L and Qing-XF. Expression of 
N-cadherin in esophageal squamous cell carcinoma and 
silencing expression of N-cadherin using RNA interfer-
ence on invasiveness of EC9706 cells. Chinese Journal 
of Cancer. 2009; Vol. 28 Issue 1, 8-13.

14. Li K, He W, Lin N, Wang X, Fan QX. Downregula-
tion of N-cadherin expression inhibits invasiveness, 
arrests cell cycle and induces cell apoptosis in esoph-
ageal squamous cell carcinoma. Cancer Invest. 2010 
Jun;28:479-86.

15. Shahidul I, Thomas EC, Gregory TW, Margaret JW, and 
Keith RJ.Expression of N-Cadherin by Human Squa-
mous Carcinoma Cells Induces a Scattered Fibroblas-
tic Phenotype with Disrupted Cell-Cell Adhesion. The 
Journal of Cell Biology, Volume 135, Number 6, Part 1, 
December 1996, 1643-1654.

16. Sung WP,Mitsuyoshi H,Young SK,Chang HK,Sang 
HL,Keith R J et al.Expression of E-cadherin,P-cadherin 
and N-cadherin in oral squamous cell carcinoma:Cor-
relation with the clinicopathologic features and patient 
outcome.Journal of Cranio-Maxillofacial Surgery. 
2007;35,1-9.

17. Domenico MD, Pierantoni GM, Feola A, Esposito F,L-
laino L, De Rosa A et al. Prognostic Significance of 
N-Cadherin Expression in Oral Squamous Cell Carci-
noma. Anticancer Research.2011.31: 4211-4218. 

18. Nguyen PT, Kudo Y, Yoshida M, Kamata N, Ogawa 
I, Takata T. N-cadherin expression is involved in ma-
lignant behavior of head and neck cancer in relation to 
epithelial-mesenchymal transition. Histol Histopathol. 

2011 Feb; 26:147-56.
19. Kathryn RL, Margaret JW and Keith RJ. Modulation 

of E- and N-cadherin levels in oral squamous carcino-
ma cells reveals N-cadherin-specific increases in inva-
sion-related signaling pathways.Proc Amer Assoc Can-
cer Res. 2006. Volume 47. 

20. Dan Z,Xiu-Fa T,Kai Y,Ji –Yuan L,Xiang-RM.Over ex-
pression of integrin-linked kinase correlates with aber-
rant expression of snail,E-cadherin and N-cadherin in 
oral squamous cell carcinoma: implications in tumor 
progression and metastasis.Clin Exp Metastasis. 2012; 
29;957-969.

21. Nhan L. T, Raymond BN, Anne EC, and Ronald LH. 
N-Cadherin Expression in Human Prostate Carcinoma 
Cell Lines. American Journal of Pathology. September 
1999.Vol. 155, No. 3; 787–798.

22. Meena J, Tanya N, Neil AA, John JB, Anton G, Lynette 
MS et al. N-cadherin switching occurs in high Gleason 
grade prostate cancer. The Prostate. February 2006;Vol-
ume 66, Issue 2, pages 193–199.

23. Yuanyuan C, Soichiro Y. N-Cadherin Dependent Col-
lective Cell Invasion of Prostate Cancer Cells Is Regu-
lated by the N-Terminus of a-Catenin. PLOS one. Janu-
ary 2013; Volume 8, Issue 1.

24. T Nakashima, C Huang, D Liu, K Kameyama, D 
Masuya, S Kobayashi et al.Neural-cadherin expression 
associated with angiogenesis in non-small-cell lung 
cancer patients. British Journal of Cancer. (2003) 88, 
1727 – 1733.

25. Mai Y, Ikuyo Y, Rui Y, Teppei S, Masao N, Seiya I et 
al. N-cadherin expression is a potential survival mecha-
nism of gefitinib-resistant lung cancer cells. Am J Can-
cer Res. 2011;1:823-833.

26. Xiaoju Z, Guangzhi L, Yi K, Zhaogang D, Qiyu Q, 
Xitao M. N-Cadherin Expression Is Associated with 
Acquisition of EMT Phenotype and with Enhanced In-
vasion in Erlotinib-Resistant Lung Cancer Cell Lines. 
PLOS One. March 2013, Volume 8, Issue 3.

27. Toru S, Takahiro K, Mizuki O, Masahiko S, Taeko A 
and Hideyuki A. Expression profile of N-cadherin dif-
fers from other classical cadherins as a prognostic mark-
er in renal cell carcinoma. Oncology Reports. 2006; 15: 
1181-1184.

28. Carl LB, Bernhard H, Arne S, Heinz-JR and Felix B. 
N-cadherin is differentially expressed in histological 
subtypes of papillary renal cell carcinoma. Diagnostic 
Pathology 2012, 7:95.

29. Mialhe A, Levacher G, Champelovier P, Martel V, 
Serres M, Knudsen K et al. Expression of E-, P-, n-cad-
herins and catenins in human bladder carcinoma cell 
lines. J Urol. 2000 Sep; 164(3 Pt 1):826-35.

30. Richard TB, Chris T. Cadherin Switching and Bladder 
Cancer. The Journal of Urology. August 2010;Volume 
184, Issue 2, Pages 423–431.

Source of Support: Nil; Conflict of Interest: None

Submitted: 16-11-2015; Published online: 01-12-2015


