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Laboratory-Kidney cancer
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Abstract

Introduction: Cadherin family proteins are involved in the tumorigenesis of several malignancies. However, their significance in renal

cell carcinoma (RCC) has not been extensively investigated. The current study investigates the potential of several cadherins to perform as

biomarkers for tumor detection and exert functional RCC activity.

Methods: Pre- and postoperative concentrations of sE-cadherin, cadherin-6, N-cadherin, cadherin-11, cadherin-17, and cadherin-5 were

measured in serum of patients undergoing surgery for RCC and correlated to clinical and histopathological parameters. Control serum was

obtained from healthy volunteers. A498 and Caki-1 cells were incubated with sE-cadherin and assessed for cell growth, adhesion, and

chemotaxis.

Results: sE-cadherin was significantly upregulated in RCC patients, as compared to controls, and discriminated them with striking accu-

racy (area under the curve value 0.83). Serum levels remained stable several days after surgery. Treating A498 and Caki-1 cancer cells with

various concentrations of sE-cadherin attenuated cell growth and adhesion, while chemotaxis was augmented.

Conclusions: sE-cadherin is overexpressed in serum of RCC patients and provides a functional cellular switch from sessility to aggres-

sive dissemination. While sE-cadherin is not tumor-specific and thus inappropriate for population-based screening, further studies are war-

ranted to investigate its role in monitoring RCC and employing it as a therapeutic target. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Compared to other malignancies, the incidence of renal

cell cancer (RCC) at present demonstrates the highest

growth rate in all ages and racial groups in the world [1,2].

Since RCC is unresponsive to chemo- or radiotherapy [3],

partial or standard nephrectomy remains the standard cura-

tive care. Although up to one-third of patients are diagnosed
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with a primary metastatic RCC (mRCC) and one-third of ini-

tially cured patients later experience systemic progression,

tumor-specific mortality is decreasing [1,3]. Many agents

have recently been approved for mRCC treatment [4,5]. Yet,

individualized medicine is challenging due to tumor hetero-

geneity, each subtype having its own specific prognosis and

treatment response [6]. Furthermore, clinically relevant diag-

nostic, prognostic, and predictive biomarkers are lacking.

Biomarkers are quantifiable characteristics of biological

processes that measure a physiological state and may be

used as surrogates to diagnose cancer, predict outcomes, and

provide individualized treatment [6]. Regarding mRCC, sev-

eral molecular candidates have recently been tested as
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Table 1

Cadherin kits used for ELISA.

Kit Manufacturer

Cadherin-6 EIAAB Science CO., Wuhan, China

N-Cadherin Boster Biological Technology Co., Ltd.,

Pleasanton, USA

sE-Cadherin Boster Biological Technology Co., Ltd.,

Pleasanton, USA

Cadherin-11 Wuxi Donglin Sci & Tech Development Co.,

Ltd., Jiangsu, China

Cadherin-17 Cloud-Clone Corp., Houston, USA

Cadherin-5 Abnova, Taipeh, Taiwan/ R&D Systems VE

Quantiquin
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biomarkers [6,7]. Although some promising results have

been reported, for example,. for osteopontin or carbonican-

hydrase IX and CRP [8,9], none of these markers has

improved the predictive accuracy of the current clinically

based prognostic systems and hence been recommended for

clinical routine [7]. Thus, a need exists to discover novel bio-

markers to aid in tailoring mRCC management.

Adhesion molecules of the cadherin family are trans-

membrane glycoproteins that mediate specific cell-cell

adhesions in a calcium-dependent manner [10] and are

therefore crucial for maintaining tissue integrity and

homeostasis [11]. Furthermore, changes in the cadherin

expression profile are involved in cell differentiation and

organ formation. It is of note, that cadherins are associated

with tumorigenesis, since tumor cells demonstrate deregu-

lated cadherin expression and inappropriate switching

among family members [11]. In addition, decreased cad-

herin expression or altered function might facilitate inva-

sive properties of cancer cells [12]. In the current study, the

potential of a number of selected cadherins to act as bio-

markers in RCC patients and exert an effect on the biologi-

cal properties of tumor cells was assessed.

2. Material and methods

2.1. Clinical conditions

The study was approved by the local ethics committee of

Frankfurt University Hospital, (project number SUG_01-

2014). A signed informed consent form was obtained from

each participant before study enrollment. Patients undergoing

partial or radical nephrectomy due to suspected RCC in the

Department of Urology at Frankfurt Goethe University Hospi-

tal, Germany, were prospectively enrolled between May 2012

and December 2016. Patients with histologically confirmed

RCC were included in the final assessment. The tumor stage

was classified according to the seventh edition of the Tumor

Node Metastasis (TNM) classification system [13] and TNM

supplement 2012 [14]. Tumor grading was performed accord-

ing to the Fuhrman system [15]. Clinical parameters, as well

as pathology reports, were collected from the patient medical

charts. Blood samples for trial purposes were retrieved before,

and at day 5 to 7, after surgery. Age and gender-matched

blood samples of healthy volunteers (n = 25) were received

from the blood donor center of Frankfurt Goethe University

Hospital and utilized as a control group.

2.2. Blood samples

Blood samples (10 ml) were centrifuged at 3,000 rpm at

4˚C (39.2˚F) for 10 minutes. The serum supernatant was

stored at ¡80˚C (¡112˚F).

2.3. Cadherin quantification

To quantify the cadherin concentrations, 7 validated

commercial ELISA kits were utilized according to the
manufacturer’s instructions (Table 1). The particular test

procedures varied marginally between the kits. Briefly, for

the soluble(s) E-cadherin ELISA, diluted serum was pipet-

ted onto 96-well plates and incubated at 37˚C for 90

minutes. The plate was then washed and followed by incu-

bation with biotinylated anti-human E-Cadherin antibody

for 60 minutes. Avidin-Biotin-Peroxidase-Complex was

then added to each well after extensive well washing.

Finally, TMP color development substrate was added after

a 5-time well washing. After 15 minutes incubation, a stop

solution was added. Optical density was measured spectro-

photometrically using a microplate reader (Infinite series

M200, Tecan, Crailsheim, Germany). The concentration

was calculated from a standard curve using a 4-parameter

curve fit (Magellan software, Tecan).

2.4. Cell cultures

To assess the biological effects of sE-cadherin on cancer

cells, the human RCC tumor cell lines, nonmetastatic A498

and metastatic Caki1 [16], purchased from Cell Lines

Service (Heidelberg, Germany) or LGC Promochem

(Wesel, Germany), respectively, were utilized. Tumor

cells were grown and subcultured in RPMI 1640 (Gibco/

Invitrogen; Karlsruhe, Germany) containing 10% fetal calf

serum, 2% HydroxyEthyl-PiperazineEthane-Sulfonic acid

buffer (HEPES-buffer) (1M, pH 7.4), 1% glutamax and

1% penicillin/streptomycin (all: Gibco/Invitrogen; Karlsruhe,

Germany) at 37˚C in a humidified, 5% CO2 incubator. Subcul-

tures from passages 5 to 24 were employed.

2.5. sE-cadherin

Human sE-cadherin was derived from Cell Systems,

Troisdorf, Germany, and added to the RCC cell cultures at

a concentration of 0.1, 0.5, 1.0, or 5.0 mg/ml. In all experi-

ments, sE-cadherin-treated tumor cells were compared to

the controls treated with cell culture medium alone. The

incubation time of sE-cadherin depended on the experiment

and is shown in respective results. To exclude toxic effects

of sE-cadherin, cell viability was determined by trypan

blue (Gibco/Invitrogen).
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2.6. Cell viability and growth

Cell viability was assessed using the 3-(4,5-dimethylth-

iazol-2-yl)-2,5-diphenyltetrazolium bromide dye reduction

assay (Roche Diagnostics, Penzberg, Germany) according

to the manufacturer’s instruction. Tumor cells (100 ml,

1£ 104 cells/well) were seeded onto 96-well plates. After

24, 48, and 72 hours, 10 ml 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (0.5 mg/ml) was added

and further incubated for 4 hours. Formazan crystals,

formed after 4 hours, were solubilized with a buffer con-

taining 10% SDS in 0.01 M HCl. Plates were allowed to

stand overnight at 37˚C, 5% CO2 and measured the follow-

ing day in a microplate reader (Infinite series M200 Tecan,

Crailsheim, Germany) at 570 nm. Each experiment was

done in triplicate. After subtracting background absor-

bance, the corrected absorbance was interpolated from a

standard curve of known cell concentration. Results were

expressed as mean cell number.

Evaluation of cell growth was done by the clonogenic

growth assay. Tumor cells (treated vs. nontreated) were

transferred to 6-well plates at 500 cells per well. Following

10 days incubation, cell colonies were fixed and counted.

Clones of at least 50 cells were counted as one colony.
2.7. Cell attachment to immobilized collagen

Six-well plates were coated with collagen G (extracted

from calfskin, 90% collagen type I and 10% collagen type

III; Seromed; diluted to 400 mg/ml in Phosphate-Buffered-

Saline (PBS)) overnight. Uncoated wells served as the

background control. Plates were washed with 1% bovine

serum albumin (BSA) in PBS to block nonspecific cell

adhesion. Thereafter, 0.5£ 106 tumor cells were added to

each well for 60 minutes. Subsequently, nonadherent tumor

cells were washed off, the remaining adherent cells were

fixed with 1% glutaraldehyde and counted microscopically.

The mean cellular adhesion rate, defined by adherent cells-

coated well¡ adherent cellsbackground, was calculated from 5

different observation fields.
2.8. Measurement of tumor cell migration (chemotaxis)

Serum induced chemotactic movement was examined

using 6-well Transwell chambers (Greiner, Frickenhausen,

Germany) with 8-mm pores. About 0.5£ 106 tumor cells/

ml were placed in the upper chamber in serum-free

medium. The lower chamber contained 10% serum. After

24 hours incubation the upper surface of the Transwell

membrane was gently wiped with a cotton swab to remove

nonmigrating cells. Cells which had moved to the lower

surface of the membrane were stained using hematoxylin

and counted microscopically. The mean chemotaxis rate

was calculated from 5 different observation fields.
2.9. Epithelial-to-mesenchymal transition markers

Tumor cells (treated with 5 mg/ml sE-cadherin for 24

hours vs. nontreated) were washed in blocking solution

(PBS, 0.5% BSA) and then incubated for 60 minutes at 4˚C

with the following phycoerythrin-conjugated monoclo-

nal antibodies: anti-cytokeratin 18 (CK18, IgG; clone

EPR17347, Abcam, Cambridge, UK), anti-vimentin (IgG;

clone D21H3; Cell Signaling, Frankfurt, Germany), anti-

Twist-1 (IgG1; clone 927403; R&D Systems, Wiesbaden,

Germany).

To allow intracellular detection, cells were fixed with

100 ml fixation medium (Fix & Perm; Biozol, Eching, Ger-

many) and washed twice in blocking solution (PBS, 0.5%

BSA). Subsequently, they were incubated for 60 minutes at

48C with 100 ml permeabilization medium (Fix & Perm)

before the antibody was added.

Protein expression was measured using FACScalibur

(BD Biosciences, Heidelberg, Germany; FL-2H (log) chan-

nel histogram analysis; 1£ 104 cells per scan) and

expressed as mean fluorescence units. A mouse IgG1-phy-

coerythrin (MOPC-21; BD Biosciences) was used as an iso-

type control.

2.10. Statistics

Statistical analysis was conducted using the statistical

software BiAS for Windows (Version 9.11, Dr. rer. nat.

Hanns Ackermann, epsilon-publishers, Frankfurt, Ger-

many). Descriptive statistics were used for patient charac-

teristics. Spearman’s rank correlation was utilized to

analyze association of cadherins with clinical and histologi-

cal variables. Cadherin expression was compared between

the control and experimental groups using the Mann-Whit-

ney U test. Receiver Operation Characteristic analysis was

performed for discrimination of the diagnostic sensitivity

and specificity for each cadherin. The difference between

pre- and postoperative cadherin expression was assessed by

the Wilcoxon-matched-pairs test. Multivariate logistic or

linear regression analyses were conducted to investigate the

ability of cadherins to independently predict clinical and

histopathological outcome. A P value < 0.05 was consid-

ered to indicate a significant difference.

3. Results

Clinical and pathological characteristics of 74 patients

included in the final analysis are shown in Table 2. Median

age at tumor diagnosis was 65 years, 82.4% of patients

were males. Cytoreductive nephrectomy was performed in

11 patients (14.9%) with distant metastases, nine of whom

(81.8%) experienced bone and/or liver disease.

Out of all the cadherins assessed in serum, only sE-cad-

herin was significantly overexpressed in tumor patients com-

pared to controls (median 125.5 vs. 91.4 ng/ml; Fig. 1A).

In addition, sE-cadherin demonstrated a significant accuracy



Table 2

Epidemiologic, clinical, and pathological characteristics of the study

cohort.

Parameters Value

Sample size (n) 74

Age (y) 65 (43−82)
Gender

Male 61 (82.4%)

Female 13 (17.6%)

Tumor size (cm) 4.5 (0.6−20)
Tumor staging

pT1a 33 (44.6%)

pT1b 19 (25.7%)

pT2a 3 (4.1%)

pT2b 5 (6.8%)

pT3a 11 (14.9%)

pT3b 0

pT3c 0

pT4 3 (4.1%)

Metastasis

No 63 (85.1%)

Yes 11 (14.9%)

Bone 2 (18.2%)

Liver 2 (18.2%)

Lung 1 (9.1%)

Intestinal 1 (9.1%)

Bone + liver 3 (27.3%)

Bone + liver + lung 2 (18.2%)

Lymph node metastases

0 70 (94.6%)

≥1 4 (5.4%)

Grade

1 16 (21.6%)

2 50 (67.6%)

3 8 (10.8%)

Subtype

Clear cell 54 (73.0%)

Papillary 18 (24.3%)

Chromophobe 2 (2.7%)

Values expressed as median with range or number (%) as appropriate.

These numbers depict patients with synchronous bone-liver or bone-liver-

lung metastasis as opposed to the other metastasized patients with solitary

organs affected.

Fig. 1. A: Concentration of sE-cadherin in serum of tumor patients and

controls. Y-axis: Concentration in ng/ml; X-axis: Serum samples of tumor

patients and controls. Box: Lower line − quartile Q1 (25%-quantile); mid-

dle line − median; upper line − quartile Q3 (75%-quantile); aerials −
extreme values. B: Receiver operating characteristics curve of sE-cadherin.

Patients < optimal cutoff are defined as healthy. Patients > optimal cutoff

are defined as diseased. AUC = area under the curve. P value determined

by Wilcoxon-Mann-Whitney Test.
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for discriminating tumor patients with an area under the

curve (AUC) value of 0.83 (optimal cutoff 114.9 ng/ml,

misclassification rate 19.3%; Fig. 1B). There was no differ-

ence in the serum concentration of sE-cadherin before and

after surgery (day 5−7). Notably, sE-cadherin serum levels

were virtually higher in metastatic, compared to nonmeta-

static, patients. However, this difference did not reach sta-

tistical significance. None of the candidate cadherins were

independently associated with age, lab values, tumor size,

tumor subtype, tumor stage, tumor grade, lymphatic, or

visceral metastasis.

The physiologic relevance of sE-cadherin was evaluated by

in vitro assay. To analyze cell number and clonogenic growth,

tumor cells were treated with sE-cadherin and the experimen-

tal assays started in parallel. To explore cell adhesion and che-

motaxis, tumor cells were pretreated with sE-cadherin for

24 hours and then subjected to the adhesion and chemotaxis
assays. Treatment of A498 and Caki1 cell lines with 0.1, 0.5,

1.0, and 5.0 mg/ml of sE-cadherin significantly attenuated the

cell number (Fig. 2A). Clonogenic growth was also distinctly

suppressed by 5 mg/ml sE-cadherin (Fig. 2B). Cell growth

reduction was not caused by toxic effects, as demonstrated by

the trypan dye exclusion test. Adhesion of A498 cells to colla-

gen was significantly reduced, independently from the sE-cad-

herin concentration, whereas Caki1 exhibited decreased

adhesion only with 5.0 mg/ml sE-cadherin (Fig. 3A). Chemo-

taxis of both Caki1 and A498 cells was augmented following

sE-cadherin treatment (Fig. 3B).

Evaluation of the epithelial-to-mesenchymal transition

(EMT) markers CK18, vimentin, and Twist revealed a sig-

nificant increase of all proteins in the presence of sE-

cadherin (Fig. 4).
4. Discussion

Despite extensive research, no molecular marker has yet

been established as a screening or diagnostic tool to aid in

detecting RCC. In advanced disease, the Metastatic Renal



Fig. 2. Cell number and growth of sE-cadherin-stimulated compared to control A498 and Caki1 cells. A: Cell number of sE-cadherin-stimulated compared to

control A498 and Caki1 cells. Mean values were calculated from 5 different observational fields. One representative of 6 experiments is shown. B: Clono-

genic cell growth. Clones of at least 50 cells were counted as one colony. Experiments were done 3 times. * = significant difference to controls.
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Cancer Database Consortium risk model based on performance

status, conventional lab values, and time from diagnosis to

treatment has been implemented in the European Associa-

tion of Urology Guideline recommendations to treat metas-

tasized clear-cell RCC [4,17]. In a localized setting, a

number of multivariable prognostic models including the

University of California Integrated Staging System or a

nomogram by Kattan et al. have been introduced based

on clinical characteristics, performance status, as well as

postoperative factors such as tumor stage, grade, or subtype

[18−20]. Nonetheless, there is still a poor evidence level

for routine application, despite being recommended by the

European Association of Urology Guideline Panel to serve

as a basis for risk-adapted postoperative surveillance

[4,18]. Thus, discovery of novel molecular markers is cru-

cial, not only for better disease characterization and classifi-

cation, but also for a deeper understanding of tumorigenic

processes and involved mechanisms, which might poten-

tially serve as therapeutic targets.

sE-cadherin is a soluble 80 kDa ectodomain of the trans-

membrane glycoprotein E-cadherin, which mediates cell-cell

adhesion and is crucial for epithelial cell properties and tissue

morphogenesis and remodeling [21]. In epithelial cells, tran-

scriptional E-cadherin reprogramming is known to attenuate

adhesion and promote migration and invasion during cancer

progression and EMT [22]. Tumor cells are characterized by a
decreased number of cadherin-mediated intercellular adhe-

sions, since most epithelial cancers lose E-cadherin through

mutation, epigenetic silencing, or expression of nonepithelial

cadherins [21,23−25]. sE-cadherin emerges from proteolytic

ectodomain cleavage, leading to its release into the extracellu-

lar space and hence its appearance in blood and urine [26,27].

In the present investigation, sE-cadherin exceeded other

candidate molecules in discriminating RCC patients from

healthy volunteers with an impressive AUC value of 0.83.

In concordance, a recent study by Bodnar et al. has demon-

strated an elevated concentration of sE-cadherin in the

serum of patients with a mRCC undergoing systemic treat-

ment with everolimus, while high levels of sE-cadherin

were associated with a worse treatment response [28]. Also

in line with these observations, another recent study demon-

strated an overexpression of sE-cadherin in the serum of

prostate cancer patients, compared to controls, and its cor-

relation with unfavorable pathological outcomes after radi-

cal prostatectomy [29]. Interestingly, there might be an

association of sE-cadherin expression with adverse clinical

outcomes in further malignancies, as well. Okugawa et al.

has delineated an overexpression of the molecule in sera of

patients with colorectal carcinoma and a predictive value

for poor prognosis [30]. Weiss et al. has also showed an

increase of the sE-cadherin serum level in patients with

advanced stage colorectal carcinoma and a potential to



Fig. 3. A: Cell-matrix (Collagen) interaction of sE-cadherin-stimulated cells compared to control A498 and Caki1 cells. sE-cadherin-stimulated or control

cells were added to immobilized collagen for 60 min. Mean values were calculated from 5 different observational fields. One representative of 6 experiments

is shown. B: A498 and Caki1 cell migration. Tumor cells were seeded in the upper chamber in serum-free medium and 10% FCS, as the chemoattractant, was

placed in the lower well. Cells moving to the lower membrane surface were counted. Mean values were calculated from 5 different observational fields.

One representative of 6 experiments is shown. * indicates significant difference to controls.
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monitor disease in some cases [31]. Shariat et al. demon-

strated an AUC value of 0.72 for urinary sE-cadherin to

detect bladder cancer, whereas higher levels were associ-

ated with muscle invasive disease [32]. Similarly, Matsu-

moto et al. described an increase of plasma sE-cadherin in

bladder cancer patients, compared to healthy volunteers,

and its correlation with lymphatic metastases and disease

progression [33]. Moreover, in patients with gastric cancer,

hepatocellular carcinoma, and lung cancer, sE-cadherin

was overexpressed compared to controls, and associated

with inferior disease characteristics [34−36]. Gofuku et al.

has also reported an augmented concentration of sE-cad-

herin in the sera of 81 gastric cancer patients [37]. Still, ele-

vation of sE-cadherin level has not been associated with

clinicopathological factors. Our investigation did not reveal

a significant correlation between sE-cadherin serum con-

centration and tumor stage and tumor grade. This finding

might be attributable to the limited sample size of both

cohorts, precluding a statistically significant difference.

Alternatively, elevation of the marker serum concentration
might reflect an intrinsically augmented turnover and activ-

ity of tumor cells in these RCC patients without being spe-

cific or sensible enough to further discriminate for tumor-

specific properties.

A difference in the concentration of sE-cadherin before

and on day 5 to 7 after surgery was not apparent. This is in

line with the study by Yang et al. yielding no difference for

sE-cadherin expression in preoperative and postoperative

(day 5) samples of patients with RCC undergoing radical

nephrectomy [38]. To precisely estimate the half life of sE-

cadherin, its concentration should be measured over a lon-

ger time period in future studies. This would allow practical

conclusions about its feasibility as a marker for treatment

response, since a relatively limited half-life is required for

timely adjustments in the further course of treatment.

Another aim of the present investigation was to elucidate

whether shedding of sE-cadherin might be an epiphenome-

non of the tumor-related enzymatic cleavage, or if the mole-

cule may additionally exert an influence on metastatic tumor

progression. It is worthy to note that cell growth and



Fig. 4. Influence of sE-cadherin on CK18, Twist, and vimentin expression in A498 and Caki1 cells. Cells were stimulated with 5 mg/ml sE-cadherin for 24 h

or remained untreated. Percentage expression, compared to the 100% control, as well as mean fluorescence values (MFU) of treated (sE-cadherin) vs. non-

treated (control) cells is depicted. One representative of 3 experiments is shown.
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adhesion capacity were significantly downregulated by

exposing RCC cells to sE-cadherin. However, RCC cell

motility was enhanced by sE-cadherin. This finding indicates

that tumor cells downregulate their growth activity, lose firm

contact to the matrix, and may so become primed for inva-

sion. Obviously, sE-cadherin triggers a functional switch of

RCC cells from being sessile and proliferative to gaining

spreading properties. In fact, sE-cadherin caused a strong

elevation of the EMT-markers vimentin, CK18, and Twist,

which are closely involved in tumor cell dissemination.

It is unclear which receptors or molecular mechanisms are

exactly responsible for this behavioral alteration of RCC

cells. In a 3-dimensional coculture system comprising nor-

mal vs. cancerous canine kidney epithelial cells, sE-cadherin

has been reported to induce EMT through activation of

EGFR and its downstream ERK and AKT signaling path-

ways [39]. Interestingly, since the source of sE-cadherin ele-

vation in cancer patients is unknown, this study

demonstrated that carcinoma cells produce MMP-9 cleaving

cellular E-cadherin from epithelial cells to generate sE-cad-

herin. Najy et al. reported enhanced migration and invasion

of breast cancer cells through sE-cadherin influence [40].

Finally, in squamous cell carcinoma cells, sE-cadherin sup-

ported carcinogenesis by activating the MAPK-PI3K-AKT-

mTOR pathway and inhibiting apoptosis [41]. These findings

establish an important role of sE-cadherin as a pro-oncogenic

protein and indicate a potential therapeutic target.

Besides being an indicator of tumorigenesis due to

tumor-associated proteolysis, overexpression of sE-cadherin
has been linked to oxidative stress and production of proin-

flammatory cytokines [27,42,43]. Compared to controls,

sE-cadherin’s up-regulation has been reported in a variety

of benign disorders, for example, in chronic obstructive pul-

monary disease, HBV-related liver diseases (nonmalignant

conditions + hepatocellular carcinoma), systemic lupus

erythematosus, and acute pancreatitis [44−47]. This under-
scores a low specificity of sE-cadherin for a definite cancer

type, thus precluding its use as a diagnostic or even clini-

cally reasonable screening tool for the general population.

Other problems are a lack of internal and external data vali-

dation, use of different measurement tools and, in particular,

a considerable variation in sE-cadherin concentration

reported in the literature for the healthy, making cut-off

value generalization challenging [28,29,38,43]. Conse-

quently, monitoring of treatment response and disease

progression through sE-cadherin measurement by the same

approach and in the same patient might be a necessary,

viable option.

5. Conclusions

In conclusion, out of the cadherin family, the sE-cad-

herin level is up-regulated in the serum of patients with

RCC and distinguishes them from healthy volunteers. It

remains stably measurable in blood several days after tumor

resection. Treatment of RCC cells with sE-cadherin induces

a functional cellular switch from sessility to mobility. Fur-

ther studies are warranted to investigate sE-cadherin’s role
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as a predictive and prognostic marker, as well as a thera-

peutic target in RCC.
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