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INTRODUCTION

Glioblastoma (GBL) is extremely malignant, and it is the 
most common type of intracranial glioma tumor [1]. While 
surgery and regulated adjuvant treatment, including simulta-
neous chemo-radiotherapy using temozolomide, has dramat-
ically improved overall survival (OS) for a GBL, tumor pro-
gression remains certain. A leading cause of tumor progression 
is aggressive infiltration of glioma cells that migrate and in-
vade the surrounding parenchyma. Especially, glioma cells 
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Background    Cadherin-11, a cell-to-cell adhesion molecule, is associated with higher tumor grade 
and decreased patient survival. The purpose of this study was to investigate the clinical significance of 
cadherin-11 expression in the progression and prognosis of a newly diagnosed primary glioblastoma 
(GBL).

Methods    Between 2007 and 2016, 52 out of 178 patients diagnosed with a GBL and satisfied 
the following criteria: 1) a new primary GBL, 2) gross-total resection, 3) immunohistochemically-avail-
able tissue, and 4) standardized adjuvant treatment.

Results    In terms of staining intensity, the low-intensity cadherin-11 group showed longer pro-
gression-free survival (PFS) than the high-intensity cadherin-11 group (median PFS, 12.0 months [95% 
CI, 11.1-12.9] vs. median PFS, 6.0 months [95% CI, 3.7-8.3]; p<0.001). The low-intensity cadherin-11 
group revealed longer overall survival (OS) than the high-intensity cadherin-11 group (median OS, 20.0 
months [95% CI, 11.8-16.6] vs. median OS, 15.0 months [95% CI, 11.8-18.2]; p=0.003). The staining 
intensity of cadherin-11 was a statistically significant factor in PFS and OS in terms of univariate and 
multivariate analyses (univariate analysis: p<0.001 and p=0.005; multivariate analysis: p<0.001 and 
p=0.005).

Conclusion    Our clinical study demonstrates high cadherin-11 expression may be associated with 
poor PFS and OS for a newly diagnosed primary GBL.

Keywords	� Glioblastoma; Cadherins; Overall; Survival; Progression-free survival.

must modify their rigidity and shape to interact with the sur-
rounding microenvironment for migration and invasion. 
Modification of the rigidity and shape may be related to the 
rearrangement of the actin cytoskeletons [2,3].

Cadherins are a kind of surface protein related to cell-cell 
adhesion. They interact with catenins to regulate adhesion and 
migration with the surrounding parenchyma [4-6]. The cad-
herin-catenin complex plays an important role in regulating 
the rearrangement of the actin cytoskeleton [4-8]. Especially, 
during tumor progression, cadherin switching is developed 
as the process by which expression of epithelial E-cadherin is 
converted to mesenchymal-associated cadherins like N-cad-
herin and cadherin-11 [9,10]. Eventually, cadherin-11 plays an 
important role in tumor invasion and progression, and is highly 
expressed in multiple aggressive tumors, including breast, pros-
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tate, colon, gastric, renal cell, and osteosarcoma [7,11,12]. Re-
cently, the role of cadherin-11 has been demonstrated in the 
migration of glioma cells in vitro [13]. However, the clinical 
importance of cadherin-11 in GBL in vivo has not yet been 
investigated.

The aims of this study were to evaluate progression-free sur-
vival (PFS) and OS relative to cadherin-11 expression follow-
ing a new diagnosis of a primary GBL and to analyze the clin-
ical significance of cadherin-11 expression relative to progression 
and prognosis.

MATERIALS AND METHODS

Patient population 
Approval for this study was granted by the local Institution-

al Review Board of Kyungpook National University Hospital 
(KNUH 2021-07-025). The informed consent was waived by 
the committee. All radiographic and clinical findings were en-
tered in an electronic medical record. From 2007 to 2016, 178 
patients at a single institute received a diagnosis of GBL. For 
90 out of 178 patients (50.6%), formalin-fixed and paraffin-
embedded GBL tissues were checked. Eligible patients were 18 
years of age or older. Postoperative MRI was taken within 24 
hours of admission, and the extent of resection was analyzed. 
Gross-total resection was characterized as greater than 95% 
resection. Following histological confirmation of the GBL, ad-
juvant standardized chemo-radiotherapy for GBL was given 
[14]. When there was GBL recurrence, further treatments such 
as subsequent surgery, salvage chemotherapy, and additional 
radiation were considered. 

A cohort of 38 out of 90 patients was formed according to 
the following exclusion criteria: secondary GBL with a lower 
grade glioma (n=15), less than 95% resection (n=14), and ad-
ditional adjuvant therapies given (n=9). The remaining 52 pa-
tients were enrolled in the study. Radiological and clinical as-
sessments were taken at the following times: 28 days after the 
concurrent-therapy phase; during cycles 2, 4, and 6 of the main-
tenance phase; every 3 months after the maintenance phase; 
and at the time of disease progression. Disease progression 
was confirmed radiologically by MRI following the Response 
Assessment in Neuro-Oncology (RANO) criteria [15], and 
survival was ascertained after surgery.

Clinical and radiological variables were as follows: age, sex, 
Karnofsky performance status (KPS), location, tumor size, and 
tumor number. Patients were categorized into groups accord-
ing to age (<65 and ≥65 years) and KPS (<70 and ≥70), re-
spectively. Locations were categorized as “lobar” or “other.” 
Cases where the tumor was in the corpus callosum or thala-
mus or where tumors were occipital were included in “other.” 

Immunohistochemistry and tissue microarrays
of cadherin-11

Cadherin-11 expression intensity was determined with an 
immunohistochemical study. Each formalin-fixed and paraf-
fin-embedded human primary GBL tissue sample was exam-
ined in this study. Paraffin blocks that contained illustrative 
tumor regions were identified. Tissue microarrays (TMA) par-
affin blocks were divided into 4-μm-thick slices and then at-
tached to slides. Every slide cut from TMA blocks was depa-
raffinized and passed through a moisturizing process. They 
were then washed with distilled water. Immunohistochemical 
staining for the cadherin-11 antigen was done with an auto-
mated immunostainer (Ventana BenchMark XT, Ventana 
Medical Systems, Tucson, AZ, USA). The ultraView kit was 
used in accordance with manufacturer recommendations. 
Subsequently, a mouse monoclonal cadherin-11 antibody 
(IgG2B Clone #283416 Catalog Number: MAB1790 [R&D 
Systems; Minneapolis, MN, USA]) was used as the primary 
antibody. Then, each primary antibody was incubated at 37°C 
for 30 min, and subsequently followed consecutively by nor-
malized Ventana signal amplification and hematoxylin and 
bluing reagent counterstaining. Following the autostainer pro-
cedure, the slides were mounted and analyzed using light mi-
croscopy. Negative controls were employed on each tissue sec-
tion through the replacement of primary antibodies with diluted 
isotype immunoglobulin (ImmunoCruzTM Staining system, 
Santa Cruz Biotechnology; Santa Cruz, CA, USA). Subsequent-
ly, the slides were incubated with streptavidinHRP and goat 
antipolyvalent (both Lab Vision; Stockholm, Sweden) for 60 
min, then followed by incubation with 3-amino-9-ethylcarba-
zole. Slides were subsequently washed in PBS, counterstained 
with hematoxylin for 5 sec, and coverslipped [16].

Evaluation and interpretation of 
immunohistochemical staining of cadherin-11

Cadherin-11 was mainly immunostained with a cytoplas-
mic pattern. In normal brain tissue, cadherin-11 is moderate-
ly expressed in the cytoplasm of vascular endothelial cells. Al-
though most tumor cells in our study showed stained cadherin- 
11, the intensity of cadherin-11 staining varied in each case. 
Cadherin-11 expression was assessed according to staining 
intensity for endothelial cells, scored from 1 to 3 as follows: 1, 
staining intensity lower than in endothelial cells; 2, staining 
intensity similar to that in endothelial cells; and 3, staining in-
tensity higher than in endothelial cells. Illustrative examples 
of immunostaining are shown in Fig. 1. 

Two pathologists (H.W.L. and T.I.P) interpreted immuno-
histochemical results independently without access to clini-
cal or histological information. All 52 GBLs were positive for 
cadherin-11 in the staining. Regarding statistical analysis, im-
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munohistochemical staining scores were categorized into two 
groups: a low (score 1 to 2) intensity group and a high (score 
3) intensity group.

Statistical analysis
Comparisons between high-intensity and low-intensity 

groups were done with chi-square and Fisher exact tests. Sur-
vival curves were calculated with the Kaplan-Meier method, 
and comparisons of survival curves were performed using the 
log rank test. The Cox proportional hazards model was used 
for univariate and multivariate analyzes to examine the effect 
of cadherin-11 expression on PFS and OS. A p-value <0.05 
was considered the threshold for statistical significance. Sta-
tistical analysis was performed using SPSS 14.0 for Windows 
(SPSS Inc., Chicago, IL, USA).

RESULTS 

Patient characteristics 
Detailed characteristics of the 52 patients enrolled in this 

study are given in Table 1. The mean age at initial diagnosis was 
56.9±13.3 years, with a proportion of ages <65 years and ≥65 
years at 65.4% and 34.6%, respectively. According to sex, there 
were 25 males and 27 females. The mean preoperative KPS 
was 75.2±18.5, while the proportion of KPS at <70 and ≥70 
was 19.2% and 80.8%, respectively. The most frequent tumor 
site was the frontal lobe, followed by the temporal, “other”, and 
parietal lobes. And, the mean maximal diameter of tumors 
was 4.6±1.1 cm. There were 4 patients with multiple tumors. 
However, there were statistically significant differences between 
the high-intensity and low-intensity cadherin-11 groups in 
terms of sex (p=0.013) and preoperative KPS (p=0.047). 

A

C

B

D
Fig. 1. Cadherin-11 immunohistochemical staining (original magnification ×200; scale bar=100 μm). A: Negative staining of tumor cells. B: 
Less staining intensity than endothelial cells (arrow). C: Similar staining intensity to endothelial cells (arrow). D: Greater staining intensity than 
endothelial cells (arrow). 
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Cadherin-11 expression and patient prognosis 
The median follow-up period for all patients with GBLs was 

19 months (range, 8–95). Relative to cadherin-11 staining in-
tensity, PFS and OS plots are presented in Fig. 2, and survival 

outcomes are presented in Table 2. 
The median PFS was 9.0 months (95% CI, 8.4–9.6). The 1- 

year PFS rate was 17.3%, and the 2-year PFS rate was 13.5%. 
Relative to cadherin-11 staining intensity, the median PFS in 
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Fig. 2. The PFS (A) and OS (B) plots according to the staining intensity of cadherin-11.PFS, progression-free survival; OS, overall survival. 

Table 1. Characteristics of 52 patients with glioblastoma between high-expression and low-expression of cadherin-11 groups

Characteristics
Total 

(n=52)
Cadherin-11

Low-intensity (n=22) High-intensity (n=30) p value
Age (yr) 56.9±13.3 53.0±15.5 59.8±10.6 0.097
Age groups

<65 yrs 34 (65.4) 17 (77.3) 17 (56.7) 0.150
≥65 yrs 18 (34.6) 5 (22.7) 13 (43.3)

Sex
Male 25 (48.1) 6 (27.3) 19 (63.3) 0.013*
Female 27 (51.9) 16 (72.7) 11 (36.7)

KPS 75.2±18.5 81.4±14.2 70.7±20.2 0.047*
KPS groups

<70 10 (19.2) 2 (9.1) 8 (26.7) 0.161
≥70 42 (80.8) 20 (90.9) 22 (73.3)

Tumor site
Frontal lobe 20 (38.5) 8 (36.4) 12 (40.0) 0.612
Temporal lobe 17 (32.7) 7 (31.8) 10 (33.4)
Parietal lobe 6 (11.5) 2 (9.1) 4 (13.3)
Other 9 (17.3) 5 (22.7) 4 (13.3)

Mean maximal diameter (cm) 4.6±1.1 4.5±1.3 4.7±1.1 0.547
Maximal diameter groups

<3 cm 5 (9.6) 3 (13.6) 2 (6.6) 0.776
3 cm to <6 cm 41 (78.8) 17 (77.3) 24 (80.0)
≥6 cm 6 (11.5) 2 (9.1) 4 (13.4)

Number of tumors
Single 48 (92.3) 21 (95.5) 27 (90.0) 0.629
Multiple 4 (7.7) 1 (4.5) 3 (10.0)

Data are presented as mean±SD or number (%). *p value <0.05 indicates a significant difference. KPS, Karnofsky performance status 
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the low-intensity cadherin-11 group (12.0 months; 95% CI, 
11.1–12.9) was longer than the median PFS in the high-inten-
sity cadherin-11 group (6.0 months; 95% CI, 3.7–8.3; p<0.001). 

The median OS was 18.0 months (95% CI, 14.0–22.0). The 
1-year OS rate was 75.0%, and the 2-year OS rate was 21.2%. 
Relative to cadherin-11 staining intensity, the median OS in 
the low-intensity cadherin-11 group (20.0 months; 95% CI, 
11.8–16.6) was longer than the median OS in the high-inten-
sity cadherin-11 group (15.0 months; 95% CI, 11.8–18.2; 
p=0.003). 

Prognosis of newly diagnosed primary GBLs
Univariate analyses were done to determine parameters of 

prognostic significance, which were summarized in Table 3. 
Cadherin-11 staining intensity was the only statistically sig-
nificant factor relative to PFS and OS (p<0.001 and p=0.005). 

In multivariate analysis, cadherin-11 staining intensity was 
an independent predictor of poor PFS and OS (p<0.001 and 
p=0.005). High intensity of cadherin-11 raised the hazard for 
disease progression and survival (PFS: hazard ratio=7.933; 
95% CI, 3.167–19.870, and OS: hazard ratio=2.474; 95% CI, 
1.312–4.663) (Table 4). 

Table 2. Survival outcome of high-expression versus low-expression of cadherin-11 

Entire
Cadherin-11

Low-expression High-expression p value
PFS <0.001*

Median PFS (95% CI) 9.0 months (8.4–9.6) 12.0 months (11.1–12.9) 6.0 months (3.7–8.3)
1 year PFS rate (%) 17.3 63.6   0.0
2 year PFS rate (%) 13.5 31.8   0.0

OS    0.003*
Median OS (95% CI) 18.0 months (14.0–22.0) 20.0 months (11.8–16.6 ) 15.0 months (11.8–18.2)
1 year OS rate (%) 75.0 86.4 66.7
2 year OS rate (%) 21.2 36.4 10.0

*p value<0.05 indicates a significant difference. CI, confidence interval; PFS, progression-free survival; OS, overall survival

Table 3. Univariate analysis of prognostic factors on PFS and OS in patients with a newly diagnosed primary glioblastoma after gross-total 
resection

PFS OS
Hazard ratio 95% CI p value Hazard ratio 95% CI p value

Age (≥65) 1.220 0.679–2.192 0.505 1.321 0.731–2.389 0.357
Gender (female) 2.099 0.737–5.981 0.165 0.908 0.516–1.596 0.736
KPS (<70) 1.158 0.577–2.325 0.679 1.621 0.801–3.280 0.179
Tumor site 

Frontal 1.000 - - 1.000 - -
Temporal (vs. Frontal) 1.022 0.527–1.982 0.948 1.071 0.547–2.097 0.842
Parietal lobe (vs. Frontal) 1.111 0.443–2.784 0.823 1.343 0.532–3.390 0.532
Others (vs. Frontal) 1.270 0.574–2.811 0.556 0.971 0.423–2.230 0.945

Tumor size 
<3 cm 1.000 - - 1.000 - -
3 to <6 cm (vs. <3 cm) 1.310 0.512–3.354 0.574 1.411 0.553–3.599 0.471
≥6 cm (vs. <3 cm) 0.946 0.286–3.136 0.928 0.856 0.246–2.980 0.807

Number of tumors (multiple) 2.099 0.737–5.981 0.165 1.630 0.574–4.629 0.359
Cadherin intensity 7.933 3.167–19.870 <0.001* 2.474 1.312–4.663 0.005*
*p value <0.05 indicates a significant difference. PFS, progression-free survival; OS, overall survival; KPS, Karnofsky performance status; CI, 
confidence interval

Table 4. Multivariate analysis of prognostic factors on PFS and OS in patients with a newly diagnosed primary glioblastoma after gross-total 
resection

PFS OS
Hazard ratio 95% CI p value Hazard ratio 95% CI p value

Cadherin intensity 7.933 3.167–19.870 <0.001* 2.474 1.312–4.663 0.005*
*p value <0.05 indicates a significant difference. PFS, progression-free survival; OS, overall survival; CI, confidence interval
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DISCUSSION 

GBL presents variously relative to oncogenesis, limited treat-
ment options, individualized treatment, and prognostic bio-
markers. Moreover, there are various differences regarding our 
understanding of its etiology. Discovering additional biomark-
ers of GBL could lead to better patient classification for clini-
cal trials and treatment protocols [17]. One large study, The 
Cancer Genome Atlas (TCGA), recently looked at genetic dif-
ferences and protein expression correlated with GBL tumori-
genesis. Nevertheless, proteins connected with GBL pathogen-
esis are still unclear relative to genetic alterations and protein 
expression correlated with the upstream etiology. As of late, 
increased cadherin-11 expression has been observed in sever-
al human neoplasms including breast, colon, prostate, renal 
cells, stomach, and osteosarcoma [7,11,12]. Further, many stud-
ies suggest cadherin-11 expression may be correlated with glial 
tumors.

Cadherins are calcium-dependent cell-cell adhesion mole-
cules that have interaction with catenins. Binding the intact 
cadherin-catenin complex to the actin cytoskeleton is crucial 
for cadherin-mediated cell-cell adhesion. Cell-cell adhesion, 
which is critical to ascertaining cell polarity and retaining tis-
sue structure, is altered in tumorigenesis by several epigene-
tic and genetic modifications that increase tumor invasiveness 
and motility [18]. Some cadherins have been detected as prob-
able oncogenic proteins and/or tumor suppressors, according 
to the type of cadherin and tumor [18]. In addition, cadherin 
plays a crucial role in epithelial-mesenchymal transition (EMT), 
which occurs in cancer progression and standard embryonic 
development [19-21]. In standard tissue morphogenesis, EMT 
increases epithelial cell plasticity [20]. Nevertheless, tumor 
cells generate EMT into acquiring characteristics of a mesen-
chymal phenotype, such as increased invasiveness and motil-
ity, stem cell-like properties, aging, apoptosis, and further drug 
resistance [19-21]. 

Many studies that profile global genetics have found abnor-
mal mesenchymal lineages in GBL that may add to the height-
ened invasive ability of GBL [22]. In the development of a mes-
enchymal phenotype through EMT during tumor progression, 
E-cadherin expression loss is often correlated with mesenchy-
mal cadherin expression, such as cadherin-11 or N-cadherin. 
This is known as cadherin conversion, and it occurs in pros-
tate, breast, stomach, and pancreatic cancers [18,23]. N-cad-
herin expression in tumors generates invasion, cell migration, 
and survival. Cadherin-11, a surface cell biomarker for EMT, 
is seen during development in many normal tissues, such as 
the mesenchymal tissue in the brain. In malignant prostate 
and breast cancers, the expression of cadherin-11 raises tu-
mor cell migration and invasion [7,11,12,23]. And, the TGF-β 

signaling pathway is known to be an attractive candidate sig-
naling pathway capable of regulating cadherin-11 expression 
by endothelial cells. Especially, TGF-β signaling plays an im-
portant role in both normal and pathogenic angiogenesis, 
and TGF-β activity confers tumor cell motility in GBL [24]. 
In accordance with previous studies, the current study dem-
onstrated a correlation between cadherin-11 staining intensity 
and prognosis for patients with a newly diagnosed primary 
GBL. Specifically, there might exist a positive correlation be-
tween the expression of cadherin-11 in tumor tissue and poor 
prognosis relative to PFS and OS. 

In addition, we investigated using TCGA dataset to more 
conclusively confirm the relationship between cadherin-11 
expression and prognosis. In the TCGA dataset, there were 
160 GBL patients with CDH-11 mRNA quantification data. 
According to correlation analysis, cadherin-11 expression re-
vealed a negative correlation with OS, but there was no sta-
tistical significance (Pearson correlation coefficient: -0.102, 
p=0.424). This is considered to have some limitations in terms 
of the origin and treatment. To supporting the positive corre-
lation between cadherin-11 expression and poor prognosis, 
the standardization of TCGA data is needed in the future. 

Limitations 
The present study has a few limitations. First, this was a sin-

gle-institutional retrospective study. Therefore, selection bias 
could not be fully excluded. Second, there were a small num-
ber of patients with a newly diagnosed primary GBL. There-
fore, the results of this study should be cautiously interpreted, 
and they should not be generalized. Third, there was no anal-
ysis of the interaction between cadherin-11 and other molec-
ular markers. Based on the literature, there are various mo-
lecular markers related to prognosis in GBL including IDH 
mutation, MGMT methylation, 1p/19q codeletion, EGFR am-
plification, TERT promotor mutations, and PTEN deletion. 
In order to further elucidate the relationship between cad-
herin-11 and patients’ prognosis with GBL, analyses about the 
relationship between cadherin-11 and molecular markers are 
needed. However, molecular analyses have been performed 
since 2012 in our institute and the data of molecular markers 
analyzed was very small, which made it difficult to perform 
statistical analyses. Therefore, the potential influence of other 
molecular markers could not be excluded. As a result, to dem-
onstrate more definitively that cadherin-11 is a prognostic fac-
tor, a large prospective study is needed, and any association 
between cadherin-11 and molecular markers, such as genetic 
modifications and protein expressions associated with GBL 
tumorigenesis, should be investigated.
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Conclusion
Cadherin-11 expression and clinical outcome may be posi-

tively correlated with primary GBL. While the results of the 
present study should be interpreted cautiously, we demon-
strated in our study that the high intensity of cadherin-11 ex-
pression was associated with the PFS and OS of primary GBL.

Availability of Data and Material
All data generated or analyzed during the study are included in this pub-

lished article (and its supplementary information files).

ORCID iDs
Ki-Su Park 	 https://orcid.org/0000-0002-4829-6299
Hyunwoo Seo 	 https://orcid.org/0000-0003-3939-1259
Hye Won Lee 	 https://orcid.org/0000-0001-8540-524X

Author Contributions
Conceptualization: Ki-Su Park, Hye Won Lee. Data curation: Hye Won 

Lee, Sung Hyun Chang. Formal analysis: Hyunwoo Seo, Sang-Youl Yoon. 
Funding acquisition: Ki-Su Park. Investigation: Hye Won Lee, Ki-Su Park. 
Methodology: Ki-Su Park. Project administration: Ki-Su Park. Resources: 
Hye Won Lee, Tae In Park. Software: Sang-Youl Yoon. Supervision: Ki-Su 
Park, Jeong-Hyun Hwang. Validation: Seong Hyun Park. Visualization: Ki-
Su Park. Writing—original draft: Hyunwoo Seo, Hye won Lee. Writing—
review & editing: Ki-Su Park.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose. 

Funding Statement
This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korea government (Ministry of Science and 
ICT) (NRF-2018R1C1B5085134).

REFERENCES

1.	 Hanif F, Muzaffar K, Perveen K, Malhi SM, Simjee ShU. Glioblastoma 
multiforme: a review of its epidemiology and pathogenesis through 
clinical presentation and treatment. Asian Pac J Cancer Prev 2017;18: 
3-9.

2.	 Hwang JH, Smith CA, Salhia B, Rutka JT. The role of fascin in the mi-
gration and invasiveness of malignant glioma cells. Neoplasia 2008; 
10:149-59. 

3.	 Roma AA, Prayson RA. Fascin expression in 90 patients with glioblas-
toma multiforme. Ann Diagn Pathol 2005;9:307-11.

4.	 Brady-Kalnay SM, Rimm DL, Tonks NK. Receptor protein tyrosine 
phosphatase PTPmu associates with cadherins and catenins in vivo. J 
Cell Biol 1995;130:977-86. 

5.	 Ireton RC, Davis MA, van Hengel J, et al. A novel role for p120 catenin 

in E-cadherin function. J Cell Biol 2002;159:465-76. 
6.	 Davis MA, Ireton RC, Reynolds AB. A core function for p120-catenin 

in cadherin turnover. J Cell Biol 2003;163:525-34. 
7.	 Xiao K, Allison DF, Buckley KM, et al. Cellular levels of p120 catenin 

function as a set point for cadherin expression levels in microvascular 
endothelial cells. J Cell Biol 2003;163:535-45. 

8.	 Davis MA, Reynolds AB. Blocked acinar development, E-cadherin re-
duction, and intraepithelial neoplasia upon ablation of p120-catenin in 
the mouse salivary gland. Dev Cell 2006;10:21-31. 

9.	 Bertocchi C, Wang Y, Ravasio A, et al. Nanoscale architecture of cad-
herin-based cell adhesions. Nat Cell Biol 2017;19:28-37. 

10.	 Ling K, Bairstow SF, Carbonara C, Turbin DA, Huntsman DG, Ander-
son RA. Type I gamma phosphatidylinositol phosphate kinase modu-
lates adherens junction and E-cadherin trafficking via a direct interac-
tion with mu 1B adaptin. J Cell Biol 2007;176:343-53. 

11.	 Anastasiadis PZ. p120-ctn: a nexus for contextual signaling via Rho GT-
Pases. Biochim Biophys Acta 2007;1773:34-46. 

12.	 Anastasiadis PZ, Moon SY, Thoreson MA, et al. Inhibition of RhoA by 
p120 catenin. Nat Cell Biol 2000;2:637-44. 

13.	 Kaur H, Phillips-Mason PJ, Burden-Gulley SM, et al. Cadherin-11, a 
marker of the mesenchymal phenotype, regulates glioblastoma cell 
migration and survival in vivo. Mol Cancer Res 2012;10:293-304.

14.	 Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy plus concom-
itant and adjuvant temozolomide for glioblastoma. N Engl J Med 2005; 
352:987-96. 

15.	 Wen PY, Macdonald DR, Reardon DA, et al. Updated response assess-
ment criteria for high-grade gliomas: response assessment in neuro-
oncology working group. J Clin Oncol 2010;28:1963-72. 

16.	 Pohlodek K, Tan YY, Singer CF, Gschwantler-Kaulich D. Cadherin-11 
expression is upregulated in invasive human breast cancer. Oncol Lett 
2016;12:4393-8.

17.	 Karsy M, Neil JA, Guan J, Mahan MA, Colman H, Jensen RL. A practi-
cal review of prognostic correlations of molecular biomarkers in glio-
blastoma. Neurosurg Focus 2015;38:E4.

18.	 Rubinfeld B, Souza B, Albert I, et al. Association of the APC gene prod-
uct with beta-catenin. Science 1993;10:262:1731-4.

19.	 Thomas KR, Capecchi MR. Targeted disruption of the murine int-1 
proto-oncogene resulting in severe abnormalities in midbrain and cer-
ebellar development. Nature 1990;346:847-50. 

20.	 Weis WI. Cadherin structure: a revealing zipper. Structure 1995;3:425-7. 
21.	 Ozawa M, Engel J, Kemler R. Single amino acid substitutions in one 

Ca2+ binding site of uvomorulin abolish the adhesive function. Cell 
1990;63:1033-8. 

22.	 Aberle H, Schwartz H, Kemler R. Cadherin-catenin complex: protein 
interactions and their implications for cadherin function. J Cell Bio-
chem 1996;61:514-23.

23.	 Kemler R. From cadherins to catenins: cytoplasmic protein interactions 
and regulation of cell adhesion. Trends Genet 1993;9:317-21.

24.	 Schulte JD, Srikanth M, Das S, et al. Cadherin-11 regulates motility in 
normal cortical neural precursors and glioblastoma. PLoS One 2013; 
8:e70962.


