
 

 

Introduction 
 
Melanoma incidence is rising in most parts of 
the world and is highest in Caucasian Austra-
lian, New Zealand, and Swedish populations [1-
2]. Incidence of malignant melanoma has rap-
idly increased in the past several decades [2-3]. 
Although melanoma makes up a small percent-
age of dermatological cancers, it is responsible 
for 80% of skin cancer-related deaths [1,4-5]. 
This is because melanoma has a greater poten-
tial to spread to distant body sites compared to 
other forms of skin cancer. Thick, ulcerated 
melanomas are “high-risk” and have the great-
est metastatic potential [6-7]. Upon progression 
to metastatic disease, the survival rate is very 
low with the average survival of 6 to10 months 
for metastatic melanoma [8]. Currently, there is 
no effective treatment for late-stage metastatic 
melanoma. Therefore the identification of bio-
markers, and specifically biomarkers predispos-
ing patients to melanoma metastasis, would 

provide useful prognostic markers and potential 
therapeutic targets [4,9].  
 
The cadherin family of proteins represents one 
such potential cancer biomarker, especially with 
respect to metastatic potential prediction. Cad-
herins are Ca2+-dependent, single transmem-
brane-domain glycoproteins important for cell 
adhesion [10-11]. They have unique repeating 
extracellular domain motifs and their cytoplas-
mic domains interact with cytoskeletal proteins 
via α-catenin, and are involved in tyrosine phos-
phorylation via β-catenin [11]. Cadherin expres-
sion dictates an “adhesive code,” providing tis-
sue functional subdivisions through homophilic 
adhesion [10]. Loss of the prototypic E-cadherin 
is associated with increased metastatic capacity 
in most cancers [12]. The cadherin-like 22 
(CDH22) gene, located in chromosome 
20q13.1, is the human ortholog of rat pituitary-
brain (PB) cadherin. PB cadherin was character-
ized in 1996 by Sugimoto and colleagues and is 
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structurally similar to typical classical cadherins 
and its extracellular, transmembrane, and intra-
cellular domains resemble those of E-cadherin 
[10]. It has two variants based on alternative 
splicing: long-type PB cadherin (LTPB-C), and 
short-type PB cadherin (STPB-C). STPB-C is im-
portant for the enhanced self-renewal of sper-
matogonial cells in rat testis, mediated by acti-
vating the JAK-STAT and PI3-K/Akt pathways 
and blocking TGF- β1 signaling [13].  
 
In 2009, Zhou and colleagues examined CDH22 
expression in 68 cases of primary colorectal 
cancer, 35 lymph node metastases, and 68 
samples of adjacent normal colonic mucosa 
[14]. Strong CDH22 expression was detected in 
the primary tumours as well as lymph node me-
tastases, whereas CDH22 was undetectable in 
the normal mucosa. In fresh colorectal cancer 
samples, CDH22 mRNA overexpression was 
positively correlated with metastasis and clinical 
stage. Also, CDH22 knockdown inhibited 
SW480 cell colony formation, and mice injected 
with CDH22 knockdown cells had decreased 
tumour growth compared to controls. 
 
Expression of members of the cadherin family 
including CDH22 may affect tumourigenesis or 
metastasis of various cancers, and these pro-
teins may serve as important biomarkers for 
cancer potential. Since the expression of 
CDH22 in melanoma has not been investigated, 
we used immunohistochemistry (IHC) and a tis-
sue microarray (TMA) with biopsies from 466 
melanocytic lesions to examine the differences 
in the expression profile of CDH22. We also 
analysed the correlation between CDH22 ex-
pression and patient survival or other clinicopa-
thological features. CDH22 protein expression 
was lost in a greater percentage of metastatic 
melanoma samples compared to dysplastic nevi 
and primary melanoma, and patients with no 
CDH22 expression were more likely to die after 
5 years. 
 
Materials and methods 
 
Cell culture and Western blot analysis 
 
Normal human melanocytes (NHM), human fi-
broblasts (HFB), and seven melanoma cell lines 
(Sk-mel-3, Sk-mel-24, Sk-mel-28, Sk-mel-110, 
PMWK, MMAN, and MMLH) were cultured in 
Dulbecco’s modified Eagle medium (DMEM) 
supplemented with 10% fetal bovine serum at 
37˚C in 5% CO2. Cells were grown on 100 mm 

plates, washed with PBS, harvested by scraping, 
and pelleted by centrifugation at 2,000 g for 2 
minutes. Pellets were lysed with RIPA buffer and 
the samples were sonicated, incubated on ice 
for 15 minutes and the supernatants collected. 
Protein concentration was determined by Brad-
ford assay and the samples (45 µg/lane) were 
separated on a 12% SDS-polyacrylamide gel. 
Western blot analysis was conducted by blotting 
onto polyvinlyidene difluoride membranes (Bio-
Rad, Hercules, CA). Blots were blocked with 5% 
skim milk for 30 minutes at room temperature, 
incubated with the primary antibody (anti-
CDH22, 1:500 or anti β-actin, 1:5000, both 
from Sigma-Alrich, St. Louis, MO), and washed 
three times with PBS containing 0.04% Tween-
20. Blots were incubated with infrared dye-
labeled secondary antibody (1:20000, LI-COR 
Biosciences, Lincoln, NE) for 1 hour and signals 
were detected with the Odyssey Infrared Imag-
ing System (LI-COR Biosciences). 
 
TMA and immunohistochemistry 
 
For TMA construction, formalin-fixed, paraffin-
embedded tissues were obtained from the De-
partment of Pathology at the Vancouver General 
Hospital between the years 1990 and 2010. 
Ethics approval for the study was provided by 
the Clinical Research Ethics Board of the Univer-
sity of British Columbia and use of human tis-
sues was in accordance with the Declaration of 
Helsinki guidelines. A tissue array instrument 
(Beecher Instruments, Silver Spring, MD) was 
used to assemble TMA after selecting the most 
representative tumour areas which do not con-
tain necrotic tissues on the hematoxylin and 
eosin-stained (H&E) slides. Duplicate 0.6mm-
thick cores were taken from the specimens, and 
4-µm sections were cut using a microtome 
(Leica Microsystems Inc, Bannockburn, IL) and 
transferred to adhesive-coated slides. One sec-
tion was stained with H&E and the others were 
kept for immunohistochemstry.  
 
Immunohistochemical staining was performed 
using the primary anti-CDH22 antibody at a dilu-
tion of 1:35 (Sigma-Alrich), as described previ-
ously [15]. A universal biotin-labeled secondary 
antibody was used (DAKO Diagnostics, Glostrup, 
Denmark), and negative controls without the 
primary antibody incubation were included. A 
blinded dermatopathologist and two independ-
ent observers scored the TMA for CDH22 stain-
ing. The cells are considered CDH22 positive 
when a clear brown staining is observed. The 
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expression of CDH22 was considered positive 
when ≥5% of tumour cells showed immunoposi-
tivity, and negative when less than 5% of tu-
mour cells showed immunopositivity. 
 
Statistical analysis 
 
For correlation of CDH22 expression to mela-
noma progression, as well as to the various 
clinicopathological characteristics, χ2 tests were 
used. Kaplan-Meier and log-rank tests were 
used for overall and disease-specific 5-year sur-
vival analyses. Multivariate Cox regression 
analysis was used to determine status of prog-
nostic relevance for CDH22 and other variables. 
Cox regression analysis was also used to gener-
ate hazard risk values. All analyses were com-
pleted with SPSS version 11.5 (SPSS Inc, Chi-
cago, IL) software.   

Results 
 
CDH22 expression is reduced in melanoma cell 
lines and is correlated with melanoma progres-
sion 
 
We compared CDH22 protein expression in 
seven melanoma cell lines to that of normal 
melanocytes (Figure 1). Expression was reduced 
by over 90% in Sk-mel-110 and MMAN cell 
lines, and was completely lost in Sk-mel-3, Sk-
mel-24, Sk-mel-28, PMWK, and MMLH. Addi-
tionally, CDH22 expression was undetectable in 
human dermal fibroblasts (Figure 1).   
 
A TMA analysis was conducted using 247 pri-
mary melanoma, 143 metastatic melanoma, 
and 76 dysplastic nevi. Of the 390 melanoma 
cases, 231 were male and 159 were female, 

 Table 1. CDH22 staining and clinicopathological characteristics of melanoma patients 
  CDH22 staining 
Variables Negative (%) Positive (%) Total P valuea 
Primary Melanoma         
Age         
     <60 15(13.5%) 96(86.5%) 111 0.81 
     ≥60 17(12.5%) 119(87.5%) 136 
Gender         
     Male 17(12.3%) 121(87.7%) 138 0.74 
     Female 15(13.8%) 94(86.2%) 109 
Tumour subtype         
     Acrolentigous 0(0%) 8(100%) 8 0.60 
     Lentigous 3(8.3%) 33(91.7%) 36 
     Nodular 6(12.5%) 42(87.5%) 48 
     Superficial spreading 11(13.3%) 72(86.7%) 83 
     Other 12(16.7%) 60(83.3%) 72 
Siteb         
     Sun-protected 22(13.6%) 140(86.4%) 162 0.70 
     Sun-exposed 9(11%) 73(89%) 82 
     Unspecified 0(0) 3(100%) 3   
Metastatic Melanoma         
Age         
     <60 21(26.9%) 57(73.1%) 78 0.10 
     ≥60 10(13.4%) 55(84.6%) 65 
Gender         
     Male 16(17.2%) 77(82.8%) 93 0.08 
     Female 15(30%) 35(70%) 50 
a χ2 test; b Sun-protected sites: arm, back, leg, trunk, and vulva; Sun-exposed sites: face, head, and neck. 
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with age ranging from 7 to 95 years (median 
age of 60; Table 1). Of the primary melanomas, 
8 were acrolentigous, 36 were lentigous, 48 
were nodular, and 83 were superficial spread-
ing. Additionally, 162 cases of primary mela-
noma were located in sun-protected areas (arm, 
back, leg, trunk, and vulva) while 82 were lo-
cated in sun-exposed areas (face, head, and 
neck). CDH22 expression was not correlated 

with age, gender, tumour subtype, or tumour 
site in primary melanoma, and was not corre-
lated with age or gender in metastatic mela-
noma (Table 1).   
 
Loss of CDH22 expression was correlated with 
melanoma progression (Figure 2). Negative 
CDH22 staining was observed in 9% of dysplas-
tic nevi, 16% of primary melanoma, and 28% of 
metastatic melanoma. A significantly greater 
percentage of metastatic melanomas had nega-
tive CDH22 staining compared to dysplastic 
nevi (P = 0.012), and compared to primary 
melanoma (P = 0.038). There was no significant 
difference in CDH22 staining between dysplas-
tic nevi and primary melanoma (P = 0.20).     
 
Loss of CDH22 is correlated with melanoma 
thickness, ulceration, and AJCC stage 
 
For primary melanoma, there were 122 thick 
(≥2 mm) and 125 thin (<2 mm) tumours. We 
found that thick melanoma had a significantly 

Figure 1. CDH22 protein expression is decreased in 
melanoma cell lines. Western blot analysis of CDH22 
in whole cell extracts from human melanocytes, der-
mal fibroblasts, and melanoma cell lines.  

Figure 2. CDH22 expres-
sion is lost in a greater 
proportion of human me-
tastatic melanoma biop-
sies compared to dysplas-
tic nevi and primary mela-
noma as determined by 
imm uno h is t ochem ica l 
staining of melanocytic 
lesions. (A) Negative 
CDH22 staining in metas-
tatic melanoma. (B) Posi-
tive CDH22 staining in 
dysplastic nevi. (C) The 
percentage of negative 
CDH22 expression was 
significantly increased in 
metastatic melanoma 
compared to both dysplas-
tic nevi (P = 0.012, χ2 test), 
and primary melanoma (P 
= 0.038, χ2 test).    
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higher percentage of negative CDH22 staining 
than thin melanoma (P = 0.003; Figure 3a). 
Ulceration was observed in 54 cases of primary 
melanoma and was absent in 193 cases. Pri-
mary melanomas positive for ulceration had 
significantly more cases with negative CDH22 
staining than melanomas negative for ulcera-
tion (P = 0.022; Figure 3b). Also, primary and 
metastatic melanomas were assigned an AJCC 
stage from I to IV. 116 cases were at stage I, 

126 cases stage II, 63 cases stage III, and 85 
cases stage IV. AJCC stage II, III, and IV all had 
significantly more cases negative for CDH22 
staining compared to AJCC I (P = 0.004, P < 
0.0001, and P = 0.009, respectively; Figure 3c). 
There were no significant differences in CDH22 
staining between stages II, III, or IV.       
 
CDH22 protein expression is correlated with 
patient survival 
 
The associations between CDH22 staining and 
both overall and disease-specific survival for all 
melanoma patients are presented in Figure 4. 
Kaplan-Meier analysis showed that primary and 
metastatic melanoma patients with negative 
CDH22 staining had a significantly worse dis-
ease-specific 5-year survival than those with 
positive CDH22 staining (P = 0.036). A similar 
trend was observed for overall 5-year survival, 
although not statistically significant (P = 0.070). 
To determine whether CDH22 staining is an 
independent prognostic factor for melanoma 5-
year survival, we performed a multivariate Cox 
regression analysis (Table 2). AJCC stage, age, 
gender, and CDH22 staining were included in 
the analysis of both primary and metastatic 
melanoma cases. Since the differences in AJCC 
stage with respect to CDH22 staining were ob-
served between stage I and the other three 
stages, stages II, III, and IV were grouped to-
gether. CDH22 is not an independent prognos-
tic factor for overall or disease-specific 5-year 
survival (P = 0.70 and 0.55, respectively). As 
expected, AJCC stage, which takes into account 
for tumour thickness, ulceration, and metasta-
sis, independently predicted disease-specific 5-
year survival of melanoma patients (HR = 8.08, 
95% CI = 4.57-14.27, P < 0.001).  
 
Discussion 
 
Since CDH22 expression in melanoma had not 
been previously studied, we examined CDH22 
expression in different stages of melanocytic 
lesions. The results from our Western blot analy-
sis of melanoma cell lines as well as the TMA 
suggest that CDH22 expression is reduced with 
an increasingly metastatic phenotype. CDH22 
expression was greatly reduced in two of seven 
melanoma cell lines, and lost completely in the 
remaining five. Additionally, significantly fewer 
metastatic melanomas expressed CDH22 than 
primary melanomas (P = 0.038), but no signifi-
cant difference was found between dysplastic 

Figure 3. Correlation between CDH22 staining and 
tumour thickness, ulceration, and AJCC stage. (A) 
CDH22 expression is lost in a higher percentage of 
thick primary melanoma biopsies (P = 0.003). (B) 
CDH22 expression is lost in a higher percentage of 
primary melanoma patients with tumour ulceration (P 
= 0.022). (C) Melanomas at AJCC stage I had signifi-
cantly more positive CDH22 staining than stages II, 
III, and IV (P = 0.004, P < 0.0001, and P = 0.009, 
respectively).  
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nevi and primary melanomas (P = 0.20). This 
suggests that CDH22 expression is more impor-
tant for melanoma invasion and metastasis 
than for cancer initiation. 
 
CDH22 expression was also related to the de-
velopment of “high-risk” melanoma as well as 5-
year patient survival. Thick melanoma, tumours 
with ulceration, and cases with AJCC stages II-IV 
had a greater percentage of negative CDH22 
staining than thin, non-ulcerative, AJCC stage I 
cancers. Also, more patients with positive 
CDH22 staining had tumour-free survival after 5 
years than patients with negative CDH22 stain-
ing (P = 0.036). However, CDH22 is not an inde-
pendent prognostic marker as its expression is 
closely correlated with tumour thickness, ulcera-
tion, and AJCC stage.  
 
The relationships between CDH22 expression 
and melanoma progression are opposite to 
those observed in colorectal cancer [14]. This 
may be explained by the two potential functions 
of cell adhesion molecules. Once cells have bro-
ken off from the primary tumour, increased cad-
herin expression could allow for increased an-
chorage to other cells at distant locations in the 
body, enhancing metastatic potential. On the 
other hand, higher expression of cadherins 
might function to increase cell-cell adhesion at 
the site of the primary tumour, preventing cells 
from breaking off and metastasizing. Epithelial 
cancers often lose expression of E cadherin as 
they become malignant [12]. However, in cer-

tain cancer types including ovarian and inflam-
matory breast cancer, E-cadherin expression is 
essential for tumourigenesis [16-17]. Since PB 
cadherin closely resembles the classical cadher-
ins, including E-cadherin, it is also likely that the 
role of CDH22 in cancer development and me-
tastasis is tissue type-specific. 
 
The cause of CDH22 downregulation in mela-
noma remains unclear. However, in 2009, Liu 
and colleagues identified a potential upstream 
regulator of CDH22 in colorectal cancer cell 
lines [18]. They found that PRL-3 (phosphatase 
of regenerating liver 3) promoted epithelial mes-
enchymal transition (EMT) in colorectal cancer 
cells by downregulating E-cadherin, and PRL-3 
additionally promoted CDH22 downregulation. 
Since PRL-3 expression is upregulated in mela-
noma and its expression enhances melanoma 
metastatic potential, perhaps CDH22 loss in 
melanoma is similarly dependent on PRL-3 
status and related to EMT [19-22]. Melanocytes 
are neural-crest derived [23-24] and loss of 
CDH22 may give cells a more “mesenchymal” 
phenotype. CDH22 should be expressed to a 
greater extent in neural tissue since it is the 
ortholog of rat PB cadherin. Additionally, other 
mechanisms such as mutation, epigenetic si-
lencing, and increased proteolysis may also ap-
ply to loss of CDH22 expression [12].   
 
Overall, perturbations in CDH22 affect the abil-
ity of melanoma to metastasize, and the loss of 
CDH22 may result in EMT through promoting 

Figure 4. CDH22 expression is correlated to 5-year survival of all melanoma patients. (A) Patients with negative 
CDH22 staining have a worse overall 5-year survival than patients with positive CDH22 staining (P = 0.070). (B) Pa-
tients with negative CDH22 staining have a worse disease-specific 5-year survival than patients with positive CDH22 
staining (P = 0.036).  
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the development of a “mesenchymal” pheno-
type. Higher expression of CDH22 might func-
tion to increase cell-cell adhesion at the site of 
the primary tumour, resulting in cells less capa-
ble of breaking off and metastasizing. Further 
investigation is necessary to determine the 
cause of reduced CDH22 expression in metas-
tatic melanoma.  
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