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Abstract. – OBJECTIVE: Although the natu-
ral compound curcumin exerts antitumor proper-
ties in vitro, its clinical application is hampered 
due to rapid metabolism. Light exposure follow-
ing curcumin application has been demonstrated 
to improve curcumin’s bioavailability. Therefore, 
this investigation was directed towards evaluat-
ing whether light exposure in addition to curcumin 
application enhances curcumin’s efficacy against 
bladder cancer cell adhesion and migration.

MATERIALS AND METHODS: RT112, UMUC3, 
and TCCSUP cells were incubated with low cur-
cumin concentrations (0.1-0.4 μg/ml) and then 
exposed to 1.65 J/cm2 visible light for 5 min. 
Controls remained untreated or were treated 
with curcumin or light alone. Cell adhesion to 
Human umbilical vein endothelial cells (HU-
VECs), to immobilized collagen or fibronectin 
and chemotactic behavior, integrin α and β re-
ceptor expression with functional relevance, as 
well as focal adhesion kinase (total and phos-
phorylated FAK) were evaluated.

RESULTS: Curcumin plus light, but neither 
curcumin nor light alone, significantly altered 
tumor cell adhesion and suppressed chemotax-
is. Integrin α and β subtypes were dissimilarly 
modified, depending on the cell line. Suppres-
sion of pFAK was noted in RT112 and UMUC3, 
but not in TCCSUP cells. The integrins α3, α5, 
and β1 were involved in curcumin’s regulation 
of adhesion and migration. Blocking studies 
revealed α3, α5, and β1 to be associated with 
TCCSUP adhesion and migration, whereas α5 
and β1, but not α3 contributed to UMUC3 adhe-
sion and migration. Integrin α5 and β1 controlled 

RT112 chemotaxis as well, but only α5 was in-
volved in the RT112 adhesion process.

CONCLUSIONS: Combining curcumin with 
light exposure enhances curcumin’s anti-tumor 
potential. 

Key Words:
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sion, Migration, Integrins.

Introduction

Bladder cancer is associated with high mortal-
ity, even though a large number of patients with 
bladder cancer initially present with nonmuscle-
invasive disease1. However, disease recurrence 
is observed between 30 and 56% of patients 
undergoing transurethral local surgery that is 
often combined with intravesical chemo or im-
munotherapy2. Radical cystectomy with urinary 
diversion is the gold standard for those patients 
with refractory non muscle invasive and muscle-
invasive bladder cancer3. Although there has been 
recent progress in the development of systemic 
treatments with immune checkpoint inhibitors4, 
the prognosis for patients with advanced bladder 
cancer is generally poor5. Therefore, improved 
therapeutic options for both early localized and 
advanced cancer would increase life expectancy 
and the quality of life for bladder cancer patients. 
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Curcumin combined with exposure 
to visible light blocks bladder cancer cell 
adhesion and migration by an integrin 
dependent mechanism
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Curcumin is the major constituent and phar-
macologically active component of turmeric, an 
herbal powder isolated from the rhizome of the 
plant Curcuma longa lin. Curcumin exhibits an-
ti-inflammatory, anti-oxidative, and anti-cancer 
effects in vitro and in animal models. Molecular 
studies have shown that curcumin modulates cell 
signaling pathways involved in tumor cell prolif-
eration, apoptosis, and invasion. These findings 
indicate that curcumin could play a decisive role 
in cancer treatment. 

The clinical application of curcumin is re-
stricted due to its low water solubility, poor oral 
absorption, and rapid metabolism6. Improving 
curcumin’s efficacy is therefore necessary before 
introducing curcumin to cancer treatment. Recent 
investigations regarding epithelial tumor cells in 
vitro, as well as in a xenograft tumor model, has 
shown that exposure to visible light elevates cur-
cumin’s potential to induce apoptosis and block 
proliferation7,8. 

Based on these findings, it is postulated that 
curcumin plus light exposure might become an 
innovative tool to complement intravesical instil-
lation treatment for bladder cancer. Data about 
the influence of the curcumin-light combination 
on the motile behavior of bladder cancer cells are 
currently not available. The goal of this investi-
gation was to evaluate urothelial cancer cell ad-
hesion and migration in vitro in the presence of 
curcumin and light. Since adhesion receptors of 
the integrin α and β family play a primary role in 
the process of tumor cell binding and transendo-
thelial penetration, integrin family members were 
evaluated as well. 

Materials and Methods

Tumor Cells
RT112 and UMUC-3 bladder carcinoma cells 

were provided by ATCC/LGC Promochem GmbH, 
Wesel, Germany. TCCSUP cells were from DSMZ, 
Braunschweig, Germany. All cell lines were cul-
tivated in Roswell Park Memorial Institute-1640 
(RPMI-1640), 10% fetal calf serum (FCS), 20 mM 
HEPES-buffer, 1% glutamax and 1% penicillin/
streptomycin (all: Gibco; Karlsruhe, Germany). 
Subcultures from passages 7-24 were used for the 
experiments. RT112 is an invasive (pathological 
stage T2) moderately differentiated (grade 2/3) 
model of human bladder cancer, whereas TCCSUP 
is a transitional cell carcinoma, grade 4. UMUC-3 
represents a high grade 3, invasive bladder cancer. 

Human umbilical vein endothelial cells 
(HUVECs) were isolated from human umbili-
cal veins and harvested by enzymatic treatment 
with dispase (Gibco; Karlsruhe, Germany). 
HUVECs were grown in Medium 199 (M199; 
Biozol, Munich, Germany), 10% FCS, 10% 
pooled human serum, 20 µg/ml endothelial cell 
growth factor (Boehringer, Mannheim, Germa-
ny), 0.1% heparin, 100 ng/ml gentamycin and 20 
mM HEPES-buffer (pH 7.4). Subcultures from 
passages 26 were selected for experimental 
application. The Institutional Ethics Commit-
tee of the Goethe-University Hospital, Frank-
furt, Germany, approved the investigation and 
waived the need for consent, since HUVECs 
were anonymously used for in vitro assays with 
no link to patient data.

Curcumin Treatment
Curcumin (Sigma Aldrich, Taufkirchen, Ger-

many) was stored at –20°C. Prior to use, curcum-
in was diluted in cell culture medium to the final 
concentration of 0.1, 0.2, or 0.4 μg/ml (0.27, 0.54, 
1.08 µM). Following 1 h curcumin incubation, 
cell culture medium based on RPMI-1640 was 
discarded and replaced by phenol red free phos-
phate-buffered saline (PBS) medium with Ca2+/
Mg2+ (Gibco/Invitrogen; Karlsruhe, Germany). 
Thereafter, cell cultures were subjected to visible 
light exposure (5500 lx, 1.65 J/cm2; Waldmann 
UV 801AL, Villingen-Schwenningen, Germany) 
for 5 min. Cell cultures were also exposed to vis-
ible light without curcumin application, or they 
were treated with curcumin without subsequent 
light exposure. Cell cultures treated with PBS 
alone served as controls. Finally, the PBS medium 
was replaced by the complete cell culture medium 
indicated above. Tumor cells were then subjected 
to the assays listed below.

Tumor Cell Adhesion
To analyze tumor cell adhesion, HUVECs 

were detached from the culture flask and trans-
ferred to 6-well multiplates (Sarstedt, Nüm-
brecht, Germany). Confluent or sub-confluent 
RT112, UMUC-3 or TCCSUP cells were also 
enzymatically detached from the culture flasks 
using accutase (PAA Laboratories, Cölbe, Ger-
many). Following cell counting, 0.5×106 cells 
were then added to the HUVECs monolayer for 
60 min. After this time period, non-adherent 
tumor cells were removed by repeated washing 
with warmed (37°C) M199. The remaining cells 
were fixed with 1% glutaraldehyde. Adherent tu-
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mor cells were counted in five different fields of 
a defined size (5×0.25 mm2) using a phase con-
trast microscope and the mean cellular adhesion 
rate was calculated.

Attachment to Immobilized Collagen
or Fibronectin

6-well plates were coated with collagen G 
which has been extracted from calfskin. Collagen 
G represents a matrix mixture consisting of 90% 
collagen type I and 10% collagen type III; Bio-
chrom, Berlin, Germany). Further 6-well plates 
were coated with fibronectin (derived from human 
plasma; BD Biosciences, Heidelberg, Germany). 
Coating was done overnight. Plastic dishes served 
as background control. Nonspecific cell adhesion 
was prevented by washing them with 1% bovine 
serum albumin (BSA) in PBS. 0.5×106 tumor cells 
were then added to each well and left for 60 min 
incubation. According to the tumor cell adhesion 
assay, non-adherent tumor cells were washed off, 
and the remaining adherent cells were fixed with 
1% glutaraldehyde. The mean cellular adhesion 
rate, defined by adherent cellscoated well − adherent 
cellsbackground, was counted microscopically from 
five different observation fields.

Chemotaxis
Chemotactic movement was examined as 

well using six-well transwell chambers (Greiner, 
Frickenhausen, Germany) with 8-µm pores. 0.5 
× 106 tumor cells per ml were placed in the up-
per chamber in serum-free medium. The lower 
chamber contained 10% serum as the chemoat-
tractant. After 20 h incubation, the upper surface 
of the transwell membrane was gently wiped with 
a cotton swab to remove those cells which didn’t 
migrate underneath the membrane. Cells that had 
moved to the lower surface of the membrane were 
stained with hematoxylin and counted microscop-
ically. Five different observation fields (5 × 0.25 
mm2) were evaluated to calculate the mean che-
motaxis rate.

Integrin Surface Expression
Integrin surface expression was compared be-

tween cells treated with curcumin plus light, cur-
cumin alone or light alone, and non-treated cells 
(PBS treatment). The respective cell cultures were 
washed in blocking solution (PBS, 0.5% BSA) 
and then incubated for 60 min at 4°C with phyco-
erythrin (PE)-conjugated monoclonal antibodies 
directed against the following integrin subtypes: 
anti-α1 (IgG1; clone SR84, dilution 1:1000), an-

ti-α2 (IgG2a; clone 12F1-H6, dilution 1:250), an-
ti-α3 (IgG1; clone C3II.1, dilution 1:1000), anti-α4 
(IgG1; clone 9F10, dilution 1:200), anti-α5 (IgG1; 
clone IIA1, dilution 1:5000), anti-α 6 (IgG2a; 
clone GoH3, dilution 1:200), anti-β1 (IgG1; clone 
MAR4, dilution 1:2500), anti-β3 (IgG1; clone VI-
PL2, dilution 1:2500), or anti-β4 (IgG2a; clone 
439-9B, dilution 1:250; all BD Biosciences, Hei-
delberg, Germany). Integrin surface expression 
was then measured using FACscan (BD Biosci-
ences, Heidelberg, Germany; FL-2H (log) chan-
nel histogram analysis; 1 × 104 cells per scan) and 
expressed as mean fluorescence units (MFU). A 
mouse IgG1-PE (MOPC-21) or IgG2a-PE (G155-
178; BD Biosciences, Heidelberg, Germany) was 
used as an isotype control.

Integrin Protein Analysis
Western blotting was done to explore the in-

tegrin α and β protein content. In this context, 
tumor cell lysates were applied to a 7% polyacryl-
amide gel and electrophoresed for 90 min at 100 
V. The respective proteins were then transferred 
to nitrocellulose membranes (1 h, 100 V), which 
were blocked with non-fat dry milk for 1 h. In a 
next step, the membranes were incubated over-
night with the unconjugated specific monoclonal 
antibodies provided above. In addition to the inte-
grin α and β subtypes, integrin-related signaling 
was investigated as well using anti-focal adhesion 
kinase (FAK; clone 77) and anti-phospho-specif-
ic focal adhesion kinase (FAK; pY397; clone 18) 
antibodies (all: BD Biosciences, Heidelberg, Ger-
many).

Blocking Studies
To determine whether integrin α3, α5, and β1 

impact metastatic spread, drug-sensitive or -re-
sistant cells were incubated for 60 min with 10 
µg/mL function-blocking anti-integrin α3 (clone 
P1B5) mouse mAb, anti-integrin α5 (clone P1D6) 
mouse mAb, or anti-integrin β1 (clone 6S6) 
mouse mAB (all: from Millipore, Billerica, MA, 
USA). Controls were incubated with cell culture 
medium alone. Subsequently, tumor cell adhesion 
to immobilized collagen, as well as chemotaxis 
were evaluated as described above.

Statistical Analysis
All experiments were performed 3-6 times. 

Statistical significance was determined with 
the Wilcoxon-Mann-Whitney-U-test. Differ-
ences were considered statistically significant 
at a p-value less than 0.05.
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Results

Curcumin Plus Exposure to Light 
Blocks Tumor Cell Adhesion 
to Immobilized Collagen or Fibronectin

Tumor cell adhesion to immobilized extra-
cellular matrix proteins was evaluated with cur-
cumin concentrations of 0.1, 0.2, and 0.4 µg/ml. 
Light exposure or application of 0.1 or 0.2 µg/ml 
curcumin alone did not induce any alteration in 
the tumor cells’ binding behavior. Slight, but sig-
nificant changes of fibronectin attachment were 
seen when TCCSUP cells were treated with 0.4 
µg/ml curcumin (25% adhesion reduction; Fig-
ure 1). Combining curcumin with light exposure 
distinctly elevated the efficacy of curcumin, since 
0.2 and 0.4 µg/ml curcumin then blocked bladder 
cancer cell attachment to collagen. In RT112 and 
TCCSUP cells, this effect already became evident 
at a concentration of 0.1 µg/ml curcumin. Binding 
to immobilized fibronectin was also suppressed by 
curcumin plus light exposure with 0.2 and 0.4 µg/
ml curcumin (UMUC3) and with 0.4 µg/ml cur-
cumin in the RT112 and TCCSUP cells. Mean ad-
hesion reduction of TCCSUP cells was then >60%. 
Since this initial investigation showed that employ-

ing 0.2 µg/ml curcumin produced significant, but 
not as great inhibition of cell adhesion, as 0.4 µg/
ml curcumin; 0.2 µg/ml curcumin was employed 
in all further experiments. Possible additive effects 
of light exposure to effects due to curcumin alone 
could thus be more clearly discerned. 

HUVECs-Tumor Cell Interaction
Exposing the tumor cells to light did not alter 

tumor cell attachment to HUVECs. Adhesion of 
UMUC3 and TCCSUP was not altered following 
incubation with 0.2 µg/ml curcumin, and adhe-
sion of RT112 cells was only moderately dimin-
ished. However, a strong loss of UMUC3 and 
RT112 adhesion was noted when 0.2 µg/ml cur-
cumin was combined with exposure to light. Cur-
cumin plus light evoked a significant increase of 
TCCSUP binding to HUVECs (Figure 2).

Curcumin Combined with Light 
Exposure Suppresses Tumor Cell Motility

All three cell lines displayed significant sup-
pression of tumor cell chemotaxis after 24 h when 
exposed to 0.2 µg/ml curcumin and light (Figure 
3). Exposure to light alone had no effect on tu-
mor cell motility, and 0.2 µg/ml curcumin alone 

Figure 1. Influence of curcumin with and without exposure to light on binding of UMUC3, RT112, and TCCSUP cells to 
immobilized collagen or fibronectin. Tumor cells were treated with cell culture medium alone (ctrl), with visible light alone 
(ctrl+light), with curcumin alone (0.1, 0.2, 0.4 µg/ml) or with curcumin plus light. Bars indicate standard deviation (SD). *in-
dicates significant difference between curcumin alone and curcumin+light. #indicates significant difference between cells ex-
posed to curcumin alone and the untreated control. 
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did not (UMUC3, TCCSUP) or only moderately 
(RT112) influence chemotactic crawling. 

Integrin α and β Expression Profile
Surface expression of integrin α and β sub-

types was investigated, since these receptors are 
involved in adhesion and migration regulation. 
UMUC3 cells were characterized by strong ex-
pression of the integrin family members α3, α5, 
and β1. The integrins α2, α6, and β3 were also dis-
tinctly expressed. α4 was moderately expressed, 
whereas α1 and β4 were not detectable (Figure 4). 
In RT112, highest expression levels were noted 
for α2, α3, α6, β1, and β4. The integrins α1, α4, 
and β3 were not present on the cell surface mem-

brane, and α5 was only moderately detectable. 
The integrins α1, α4, and β3 were also not detect-
able on TCCSUP cells. Strongest expression was 
noted for α3, α5, α6, and β1. The subtypes α2 and 
β4 were detected as well. 

Curcumin Plus Light Exposure Alters 
Integrin α and β Expression

Light exposure or curcumin alone did not in-
duce significant alterations in the integrin expres-
sion level. However, significant, though differing 
alterations in the three examined cell lines were 
seen when curcumin was combined with expo-
sure to light. All integrin subtypes, expressed 
on UMUC3 (α2, α3, α5, α6, β1, and β3), were di-

Figure 2. Influence of curcumin with and without exposure to light on adhesion of UMUC3, RT112, and TCCSUP cells to 
human umbilical vein endothelial cells (HUVECs). Tumor cells were treated with cell culture medium alone (ctrl), with visi-
ble light alone (ctrl+light), with 0.2 µg/ml curcumin alone or with 0.2 µg/ml curcumin plus light. Bars indicate standard devi-
ation (SD). *indicates significant difference between curcumin alone and curcumin+light. #indicates significant difference be-
tween cells exposed to curcumin alone and the untreated control.

Figure 3. Motility analysis of UMUC3, RT112, and TCCSUP cells exposed to visible light alone (ctrl+light), to 0.2 µg/ml 
curcumin alone or to 0.2 µg/ml curcumin plus light. Controls (ctrl) remained untreated. *indicates significant difference be-
tween curcumin alone and curcumin+light. #indicates significant difference between cells exposed to curcumin alone and the 
untreated control. 
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minished by curcumin plus light. In RT112 only 
the subtypes α3, α6, and β1 (but not α2, α5, β4) 
were reduced by curcumin plus light, whereas 
TCCSUP responded by down-regulating all inte-
grins, except α6 (Figures 5 and 6). 

Total integrin content was evaluated by West-
ern blotting. Curcumin plus light caused a de-
crease in α3, α5, α6, and β1 in UMUC3. The in-
tegrins α6 (moderately), β1 and β4 were lost in 
RT112, whereas α3 increased, compared to con-
trols (Figure 7). Down-regulation of α2, α5, α6, 
and β3 but up-regulation of α3, β1 and β4 was 
seen in TCCSUP cells. FAK was not modified, 
but pFAK was suppressed by the curcumin-light 
combination in UMUC3 and RT112. 

Blocking Studies
The physiologic relevance of the integrin sub-

types α3, α5, and β1 was analyzed using function 
associated monoclonal antibodies. Blocking α5 
and β1 diminished UMUC3 adhesion and che-
motaxis, with effects on adhesion being stronger 
than on chemotaxis (Figure 8). Blocking α5 also 
suppressed RT112 adhesion and chemotaxis, but 
blocking β1 only acted on the motile behavior of 
this cell line. In TCCSUP blocking α3, α5, or β1 
led to a significant reduction in the number of ad-
herent and motile cells, compared to controls. 

Discussion

Curcumin is considered a complementary 
tool in cancer treatment. However, poor bio-
availability due to poor aqueous solubility and 

rapid metabolism remains a major problem with 
curcumin application. Recent publications in-
dicate that water soluble drug carriers such as 
liposomes, nanoparticles, or nano-emulsions 
improve efficacy. Still, these methods require 
further optimization. The strategy applied in the 
present investigation to increase curcumin effi-
cacy was carried over from studies on oral squa-
mous cell carcinoma and melanoma cells, where 
combining curcumin with visible light exposure 
increased curcumin’s efficacy9,10. 

The results presented here indicate that com-
bining curcumin with light may also be of ben-
efit in treating bladder carcinoma. Whereas low 
concentrations of curcumin exerted only slight 
effects on the adhesion and migration capabil-
ities of bladder cancer cells, significant alter-
ations were noted when curcumin treated cells 
were exposed to light. The chemotactic activi-
ty and motility of the three bladder cancer cell 
lines examined in the present investigation were 
down-regulated by the light-curcumin combina-
tion. However, the decrease in motility was due 
to a suppressed attachment rate to HUVECs by 
UMUC3 and RT112 cells, but enhanced attach-
ment in TCCSUP cells. The diminished che-
motaxis of UMUC3 and RT112 may, at least in 
part, be ascribed to the reduced number of cells 
binding to endothelium, allowing fewer cells to 
transmigrate. TCCSUP cells, on the other hand, 
may establish a sticky contact to HUVECs, hin-
dering their migration. This remains specula-
tive, since the motile behavior of the tumor cells 
through an endothelial cell monolayer was not 
investigated. 

Figure 4. Flow activated cell sorting (FACS) analysis of integrin α and β subtype expression in UMUC3, RT112, and TCCSUP 
cells. Mean fluorescence value [MFU] is shown. Solid line indicates fluorescence produced by the specific antibody, dashed 
line shows fluorescence produced by the isotype controls. One of three independent experiments.



J. Mani, J. Fleger, J. Rutz, S. Maxeiner, A. Bernd et al

10570

The integrin expression pattern of the three 
bladder cancer cell lines was disparately influ-
enced by curcumin plus light. Differing influence 
on integrins in diverse cell lines has also been 
noted with the histone deacetylase (HDAC) – in-
hibitor, valproic acid, which suppresses adhesion 
in a broad panel of bladder cancer cell lines11. 
Each cell line possesses a characteristic receptor 
set and a non-homogenous integrin pattern was 
detected on the UMUC3, RT112, and TCCSUP 
controls before curcumin application in the pres-
ent investigation. Consequently, it may be ex-
pected that drug treatment influences integrin 
subfamilies in disparate cell lines differently. In-

deed, differing integrin guided adhesive behavior 
in several tumor sublines has previously been re-
ported. Blocking the α3 integrin subunit inhibited 
HCV29 bladder cancer cell attachment to the ma-
trix proteins laminin and fibronectin but had an 
opposite effect on T24 and Hu456 cell adhesion. 
Similarly, blocking α5 integrin has been shown 
to down-regulate HCV29 and BC3726 cell-matrix 
interaction, whereas binding of the bladder cancer 
cell lines T24 and Hu456 was enhanced12. 

The α3, α5, and β1 integrins, clearly detected 
on all three tumor-cell-line surface membranes, 
were investigated to evaluate their physiologic rel-
evance. Of these, α5 integrin was the only recep-

Figure 5. Integrin α subtype expression on UMUC3, RT112, and TCCSUP cells after exposing the cells to 0.2 µg/ml cur-
cumin alone, to light alone or to 0.2 µg/ml curcumin plus light. Integrins were evaluated by flow activated cell sorting (FACS). 
Mean fluorescence values (MFU) shown as percentage, compared to untreated controls set at 100%. *indicates significant dif-
ference to controls. 
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tor on all three tumor cell lines controlling both 
adhesion and chemotaxis. Curcumin combined 
with light exposure strongly reduced the α5 re-
ceptor on UMUC3 and TCCSUP cells, and might 
be one mechanism by which curcumin prevents 
motile spreading of these cell lines. A strong cor-
relation between integrin α5 and bladder cancer 
stage has been shown13. In a study by Xu et al14, 
sensitivity of bladder cancer cells to mitomycin-C 
was re-established by suppressing integrin α5 and 
downstream pathways. This finding is important 
since prophylactic intravesical instillation with 
mitomycin-C is part of the standard treatment 
for non-muscle invasive bladder cancer15. Wheth-

er curcumin prevents or delays mitomycin-C re-
sistance has not yet been explored and deserves 
evaluation. 

Integrin β1 was closely involved in the migra-
tory activity of all bladder cancer cell lines, so it 
may be assumed that a curcumin induced loss of 
this integrin contributes to diminished chemotax-
is. In good corroboration, recent data on a murine 
bladder cancer model demonstrated integrin β1 to 
be involved in metastases formation, and results 
from The Cancer Genome Atlas (TCGA) project 
have shown that expression of β1 correlates with 
a worsened clinical outcome in bladder cancer 
patients16. Since light exposure greatly enhanc-

Figure 6. Integrin β subtype expression on UMUC3, RT112, and TCCSUP cells after exposing the cells to 0.2 µg/ml cur-
cumin alone, to light alone or to 0.2 µg/ml curcumin plus light. Integrins were evaluated by flow activated cell sorting (FACS). 
Mean fluorescence values (MFU) shown as percentage, compared to untreated controls set at 100%. *indicates significant dif-
ference to controls.
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es curcumin’s effects, combining curcumin with 
light might provide a distinct benefit for tumor pa-
tients by preventing rapid elevation of integrin β1. 

Specimens from 36 bladder cancer patients dis-
played a high expression level of integrin α3, com-
pared to normal tissue, and it has been proposed 
that integrin α3 might represent a therapeutic tar-
get and prognostic biomarker for bladder cancer17. 
The use of α3 as a biomarker may be questioned 
since it has been shown in the present investiga-

tion that curcumin-light only reduces adhesion 
and migration in TCCSUP, but not in UMUC3 
and RT112. However, of the three cell lines eval-
uated here, TCCSUP was the most aggressive 
and integrin α3 might specifically be involved in 
regulating invasive progression of highly dedif-
ferentiated tumor cells. This might explain why 
a significant correlation between overall survival 
and α3 expression could not be demonstrated in 
a cohort of bladder cancer patients with low pT1 

Figure 7. Integrin α and β subtypes, 
focal adhesion kinase (FAK), and 
phosphorylated focal adhesion ki-
nase (pFAK) protein level in UMUC3, 
RT112, and TCCSUP cells. Tumor 
cells were treated with cell culture 
medium alone (ctrl), with light alone 
(ctrl+light), with curcumin alone (0.2 
µg/ml) or with curcumin plus visi-
ble light. One representative of three 
Western blots is shown. n.d.= not de-
tectable. 

Figure 8. Influence of integrin α3, α5, or β1 blockade on UMUC3, RT112, and TCCSUP cell adhesion to immobilized colla-
gen (left) and on chemotaxis (right). Cells were preincubated for 60 minutes with a function-blocking anti-integrin mAb. Con-
trols were untreated and set to 100%. *indicates significant difference to controls. 
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and pT2 pathological staging18. Still, the relevance 
of α3 in bladder cancer requires further attention. 
Loss of UMUC3 and RT112 cell proliferation and 
induction of UMUC3 apoptosis has recently been 
documented following curcumin and light ap-
plication19. Speculatively, down-regulation of α3 
surface expression by curcumin plus light expo-
sure could influence the cell signaling machinery 
by inhibiting proliferation (and/or apoptosis) rath-
er than invasion. To verify this, the relevance of 
α3 in regulating bladder cancer growth requires 
further investigation. 

The integrin-related signaling molecule pFAK 
was reduced in RT112 and UMUC3 cells by cur-
cumin plus light. This is interesting, since an 
integrin α3-FAK-cross-communication has al-
ready been documented, and targeting this axis 
suppressed cell migration and invasion in bladder 
cancer17. Blocking FAK by a monoclonal antibody 
against integrin α3 also inhibited bladder cancer 
cell proliferation, as demonstrated in vitro and 
in vivo20. Relevance of the integrin-FAK-axis on 
tumor growth processes should, therefore, not be 
ruled out. 

It is notable that pFAK was not reduced by the 
curcumin-light combination in TCCSUP cells. 
Furthermore, α3 and β1 integrins in TCCSUP 
cytoplasm increased, pointing to receptor trans-
location from the outer cell surface, where these 
integrin subtypes decreased following drug treat-
ment, to the intracellular compartment. Hypothet-
ically, this translocation process could modulate 
intracellular signaling events, so that adhesion of 
TCCSUP to HUVECs increases. 

The exact mechanism underlying the advan-
tageous effect of light exposure is still not clear. 
A light-dependent energy transfer during cur-
cumin-protein interaction may enhance the in-
fluence of curcumin on protein function and cell 
regulation8. Curcumin may also photo-generate 
reduced forms of molecular oxygen21, or both the 
photo-catalytic effect of curcumin and photo-ac-
tivation may serve as triggering factors22. 

Clinically, curcumin-light treatment might be 
of interest when Bacillus Calmette-Guérin (BCG) 
instillation therapy is employed. Indeed, photody-
namic therapy has been recommended as an in-
novative option to treat urothelial carcinomas re-
fractory to BCG23. A trial was recently conducted 
on 45 subjects with non-muscle-invasive bladder 
cancer with an optimal 100 J/cm2 light exposure24. 
Feasibility of curcumin instillation has also been 
documented in an animal model, where intravesi-
cal treatment with a cyclodextrin-curcumin com-

plex with BCG resulted in a lower tumor number, 
compared to BCG alone or controls25. 

Conclusions

In summary, low dosed curcumin plus light 
exposure blocks bladder cancer cell adhesion and 
migration in three different cell lines by an integ-
rin dependent mechanism. The identified integrin 
changes are, however, not the same for all three 
cell lines.
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