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According to our previous research, phycocyanin (PC) could inhibit pancreatic tumor growth
obviously. However, little is known about the effects of phycocyanin on pancreatic tumor
metastasis. This study was aimed to investigate whether phycocyanin inhibits pancreatic cancer
cells’ metastasis and the potential underlying mechanisms. Human pancreatic carcinoma cell lines
PANC-1 and BxPC3 were treated with phycocyanin (5, 10, 20, and 40 puM) for 48 h or 72 h.
BALB/c nude mice were inoculated intravenously with luciferase-PANC-1 cells to establish a
tumor metastasis model. BALB/c nude mice were also inoculated subcutaneously with PANC-1
cells to establish a xenograft tumor model. Our results indicated that (1) phycocyanin inhibited
migration, invasion, and movement of pancreatic cancer cells in vitro, and tumor metastasis in
mouse xenograft tumor model; (2) phycocyanin significantly changed cell morphology and
epithelial-mesenchymal transition (EMT) phenotype in pancreatic cancer cells; (3) phycocyanin
decreased the phosphorylation level of Akt and the level of nuclear B-catenin. Moreover,
administration of Akt activator SC79 counteracted the inhibitory effect of phycocyanin on the
migration of pancreatic cancer cells, associated with the reversal of epithelial-mesenchymal
transition and Akt/B-catenin signaling pathway. Taken together, our results suggest that
phycocyanin inhibits pancreatic cancer metastasis via suppressing epithelial-mesenchymal
transition and targeting the Akt/B-catenin pathway.

Key words: phycocyanin; pancreatic cancer cells; metastasis; epithelial-mesenchymal transition
(EMT); Akt/B-catenin

Pancreatic adenocarcinoma (PDAC) is a common malignant digestive system tumor in the world,
which is highly aggressive. Although great strides are being made in medical science, the five-year
survival rate for pancreatic cancer is still lower than 9% [1, 2]. Among various factors leading to

cancer death, tumor metastasis has always been considered an important one [3]. Therefore,
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treatment of pancreatic cancer also faces the challenge of tumor metastasis. Epithelial-mesenchymal
transition (EMT) is of vital importance to tumor metastasis in the early stage [4] and essential to the
epithelium-originated solid tumor metastasis cascade [5, 6]. In EMT process, the connection
between cells becomes loose, while the epithelial cells still remain intact, followed with decreasing
of cell polarity. Cells begin to show the characteristics of interstitial cells, eventually leading to
increased cell invasiveness [3, 7]. Meanwhile, cell morphological and migration behavior turn
similar to fibrosis along with epithelial marker E-cadherin downregulated and interstitial marker
upregulated. The decreased expression of E-cadherin is the most common indicator of the initiation
of EMT, and is related to the development of tumor metastasis [8]. Hence, EMT has represented a
novel and major target in anticancer therapy [9]. It is generally known that secondary tumor
metastasis is caused by tumor cell adhesion, migration, and proteolysis of extracellular matrix
(ECM). MMPs are vital factors to promote tumor metastasis by selectively regulating tumor
microenvironment, and it is also an inducer of EMT [10]. Among MMPs family, MMP9 can
degrade almost all the components of ECM, and regulate most signal pathways that promote EMT
[11, 12]. Cell adhesion molecules also play vital roles in EMT process. Intercellular adhesion
molecule-1 (ICAM-1) and vascular adhesion molecule-1 (VCAM-1) were reported to be
upregulated as part of the mesenchymal phenotype during EMT, and participated in the dissociation
and migration of cancer cells [13, 14]. Thus, these factors can also be used as EMT markers in EMT
related researches.

Akt is a pivotal serine/threonine kinase in biological progress including cell proliferation, apoptosis,
and metabolism, and is known to promote EMT in tumor metastasis [15]. Available researches have
confirmed that Akt pathway plays an important role in EMT process and tumor metastasis of
pancreatic cancer. In addition, Akt participates in the modulation of EMT- specific proteins
including E- cadherin and vimentin [16, 17]. As all known, B-catenin stabilization is essential for
tumor invasion and metastasis in various cancer cells [18]. Evidence has shown that Akt can
directly or indirectly act on B-catenin, leading to its stabilization, increasing its transcriptional
activity, and promoting EMT [19].

The cyanobacterium Spirulina platensis, known as spirulina, contains a lot of bioactive compounds
[20]. Phycocyanin (PC), one of the major biliproteins present in spirulina, exerts multiple

physiological effects, and has a potential value in the area of functional and healthy food [21]. Our



75

76

77

78

79

80

81

82

83

84

85

86

87

88

&9

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

previous study has indicated that phycocyanin can act as an anti-pancreatic cancer agent due to its
ability to induce pancreatic cancer cells apoptosis and autophagy [22]. In this study, we approach to
investigate whether and how phycocyanin inhibits the invasion and metastasis of pancreatic cancer
cells. Our findings suggest that phycocyanin has an Akt/B-catenin-dependent mechanism in

EMT-mediated migration and invasion of pancreatic cancer cells.

Materials and methods

Reagents. Phycocyanin was isolated and purified from Spirulina platensis according to the
protocols reported previously [23]. Isolated phycocyanin was prepared as a stock solution of 1 mM
in PBS (pH 7.4) and stored at -80 °C. Before each experiment, the phycocyanin stock solution was
diluted with RPMI-1640 medium (Gibco, USA). Nucleoprotein Extraction Kit was obtained from
Beyotime Biotechnology (China). Primary antibody to E-cadherin (#3195), vimentin (#5741),
fibronectin (#26836) and keratin (#13063) were available from Cell Signaling Technology (USA).
Primary antibody against ICAM-1 (sc-8439), VCAM-1 (sc-13160), MMP-9 (sc-393859) and
B-catenin (sc-7963) were purchased from Santa Cruz Biotechnology (USA). Primary antibody
against a-tubulin (#AF5001) and GAPDH (#AF1186) were available from Beyotime Biotechnology
(China). Secondary antibody HRP-conjugated Goat Anti-Rabbit IgG (#D110058) and
HRP-conjugated Goat anti-mouse IgG (#D110087) were available from Sangon Biotech (China).
D-luciferin (#2591-17-5) was from Sigma (Germany). SC79 (SML0749) was obtained from
Sigma-Aldrich (USA).

Cell culture. Human pancreatic carcinoma cell lines PANC-1 and BxPC3 purchased from ATCC
were cultured in RPMI-1640 at 37 °C in humidified air containing 5% CO,. The culture medium
was supplemented with 10% FBS, penicillin G (100 U/ml) and streptomycin (100 mg/ml).

Cell morphology assay. PANC-1 and BxPC3 cells were cultured in 12-well plates for 12 h in a
density of 6 x 10*/well, then phycocyanin (5, 10, 20 and 40 M) were added to the medium. The
cell morphology of each well was recorded with a microscope (Zeiss Series 120) 48 h later.
Microtubule morphology assay. PANC-1 and BxPC3 cells were seeded into 96-well plates,
containing 1 x 10* cells each well. High concentration of phycocyanin group (40 pM) were used to
treat each kind of cells respectively for 48 h the next day, and then fixed with 4% paraformaldehyde

in PBS for 1 h at room temperature. Afterwards, cells were permeabilized with 0.5% Triton X 100
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for 10 min, blocked for 30 min with 2% BSA-PBS and incubated for 1 h with the
Rabbit-anti-a-tubulin antibody (dilution 1:200) in PBS at room temperature. They were then
incubated with the secondary antibody (dilution 1:500) for 1 h at room temperature. DAPI (dilution
1:22000) staining was then carried out during 5 min at room temperature after secondary antibody
incubation. The fluorescence of each cell was photographed on the High Content Screening
Instrument (Molecule Devices [Image Xpress]), and the image was fitted by merge with the software
of the instrument. The mean fluorescence intensity of a-tubulin was measured by Imagel] (Version
1.48).

Wound healing assay. To determine cell migration, PANC-1 and BxPC3 cells were seeded at 1 x
10° cells per well in 12-well plates. When cells were confluent, a pipette tip was used to scratch cell
monolayer across the diameter of each well. The new serum- free medium was added after removing
former medium and dislodged cells. The cells were incubated at 37 °Cfor 1 h, and then the medium
was replaced by the medium with phycocyanin (5, 10, 20 and 40 uM) dissolved in 1%
FBS-Medium. Cells that migrated to the scratch area were photographed at 0 hand 72 h time points.
The cell-free area was measured by Imagel] (Version 1.48). The value of migration area was the
difference between the cell-free area at 0 h and the cell-free area at 72 h.

Cell invasion assay. Matrigel invasion assay was performed to examine the invasion ability of
PANC-1 and BxPC3 cells. Briefly, the upper surface of the membrane was coated with Matrigel.
Cancer cells were suspended in FBS-free medium, and then seeded in the upper chamber.
Phycocyanin was added to a final concentration of 5, 10 and 20 uM. The bottom chamber of the
transwell plate was filled with culture medium containing 10% FBS, and the cells migrated to the
bottom surface of the transwell chambers through pores 48 h later. Then, they were fixed with
formaldehyde and stained with 0.1% Crystal Violet. Under the Olympus inverted microscope, each
group was counted with four randomly selected microscopic fields.

Cell mobility assay. PANC-1 cells were maintained in 96-well plates for 24 h, then labeled with
Qtracker565 Cell Labeling Kit (ThermoFisher) according to the instructions. Phycocyanin
maintained in RPMI-1640 medium supplemented with 1% FBS was then added into each well at
the series concentrations of 5, 10 and 20 puM. Images were captured with a dynamic observation
every 30 min for 48 h, and the location of the cells was recorded by the High Content Screening

Instrument (Molecule Devices [ImageXpress]).
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Construction of Luciferase-PANC-1 stable cell line. PANC-1 cells were seeded into 96-well
plates at a concentration of 1 x 10° cell/well, then different concentrations of puromycin were added
to corresponding holes to select an appropriate concentration. Luciferase plasmid virus packaging
was taken according to manufacturer’s protocol (Guangzhou FulenGen Co., Ltd.). The supernatant
was collected to detect virus titer 48 h later strictly following the product instructions. Collected
virus was diluted into three concentration gradients. After 24 h infection, the cells were pressed by
Puromycin. After five days of pressure screening, the cell growth of the normal group and the
infection group was compared. When the difference was found, the monoclonal to the 96-well plate
was selected by the finite dilution method, and the use of puromycin was gradually reduced. Several
monoclonal were picked out to expand culture and freeze. The activated clones were frozen and
preserved for at least one week after the identification. The repetitive luciferase functional
identification of seven clones after the passage of the recovered cells was carried out. The luciferase
activity was identified strictly according to the luciferase activity detection kit (Promega)
instructions. D-luciferin was used to confirm that each clone was successfully labelled with
luciferase gene (Supplementary Figure S1).

Tumor metastasis model and Luciferase imaging. The animal procedures were performed in
accordance with the guidelines of the institutional animal care and use committee of China
Pharmaceutical University Licensing Committee (License No. SYXK (SU) 2018-0019). The
experiment was conducted according to approved guidelines. Six-week-old BALB/c nude mice
were inoculated intravenously with Luciferase-PANC-1 stable cell lines (1 x 10° cells in 200 pl of
serum-free  RPMI-1640 medium). Two days after inoculation, phycocyanin was injected
intraperitoneally every two days to mice of different group at the concentrations of 12.5 mg/kg, 25
mg/kg and 50 mg/kg respectively during a thirty-day experiment. At the end of the experiment,
mice were anesthetized by isoflurane, and then were injected intraperitoneally with D-luciferin
substrate (150 mg/kg in PBS) 10 min before imaging. Light emission from luciferase was detected
by using a living animal imaging system (NightOwl LB983, Berthold Technologies).

Xenograft tumor experiment. The animal procedures were performed in accordance with the
guidelines of the institutional animal care and use committee of China Pharmaceutical University
Licensing Committee (License No. SYXK (SU) 2018-0019). The experiment was conducted

according to approved guidelines. Six-week-old BALB/c nude mice were inoculated
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subcutaneously with human pancreatic carcinoma PANC-1 cells (5 x 10° cells in 100 pl of
serum- free RPMI-1640 medium) into the axillary fossa. The mice were randomly divided into four
groups with three mice for each group. They are 0.9% normal saline group (control), 10 mg/kg
phycocyanin group, 25 mg/kg phycocyanin group and 50 mg/kg phycocyanin group. During the
thirty-day experiment, phycocyanin and vehicle were injected intraperitoneally to mice every two
days. At the end of treatment, all mice were sacrificed and tumors were excised for further
mmmunohistochemistry assay and western blot assay.

Immuno histochemistry assay. The tissue was embedded by paraffin and then cut into 3-um thick
continuous sections by using a microtome (Finesse ME, Thermo Scientific). The slides went
through the following steps including drying and dewaxing by xylene, rehydration by graded
ethanol, blocking endogenous peroxidase activity by immersion in 3% hydrogen peroxide for 10
min and antigen recovery by autoclaving for 3 min in citrate buffer (pH=6). In order to avoid
nonspecific reaction, the slides were incubated with 5% BSA for 15 min before incubation with the
indicated primary antibody (dilution 1:200) for 50 min at 37 °C and subsequently incubation with a
secondary antibody (dilution 1:1000) for 30 min at 37 °C. Then they were stained with DAB
(3,3-diaminobenzidine) and counterstained with Mayer’s hematoxylin. The last steps were
dehydration and mounting. In the negative control, a normal rabbit IgG replaced the primary
antibody.

Western blot assay. Tumor tissues and cells were washed with ice-cold PBS. Their lysates were
obtained by incubation for 20 min in buffer of 50 mM Tris-HCI (pH 7.4), 150 mM NaCl, 1 mM
EDTA, 1 mg/ml pepstatin A, I mM PMSF and 1% Triton X-100. The homogenate was centrifuged
for 20 min with 10,000 x g, and then the supernatant was collected and quantified by BCA
(Bicinchoninic acid). The nucleoproteins were obtained with a Nucleoprotein Extraction Kit. The
lysates were loaded to 10-14% SDS-PAGE and transferred to PVDF membranes. Then the
membranes underwent sequentially the blocking, the incubation with the primary antibodies
(dilution 1:1000) at 4 °C for 12 h and the incubation with secondary antibodies (dilution 1:5000)
conjugated with corresponding horseradish peroxidase for 1 h. After each incubation step,
membranes were washed in Tris-buffered saline containing 0.5% Tween-20 for 3 times, each time
for 5 min. ECL was used to visualize the corresponding bands with Tanon-5200 Chemiluminescent

Imaging System (Tanon Science & Technology Co.,Ltd).
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Statistical analysis. Data were expressed as the meantSD. The statistical significance of the
differences between the experimental variables and their reference group was determined using the

Student’s z-test; p < 0.05 was considered statistically significant.

Results

Phycocyanin inhibits migration, invasion and movement of pancreatic cancer cells in vitro.
Cell migration experiment showed that phycocyanin (5, 10, 20 and 40 uM) inhibited PANC-1 and
BxPC3 cells migration in a dose dependent manner (Figures 1A, 1B). Phycocyanin also inhibited
cell invasion ability significantly (Figure 1C). The number of invasion cells gradually decreased
from 200 to about 10 by treating with phycocyanin (Figure 1D). Referring to the effects of
phycocyanin on PANC-1 cell movement, the result of real-time scanning imaging assay suggested
that the trajectory (Figure 1E position) and the movement range (Figure 1E distance) of almost all
normal cells were longer, while the number of long trajectory cells decreased dose-dependently
with the treatment of phycocyanin. The results fully demonstrated that phycocyanin inhibited the
movement of pancreatic cancer cells.

Phycocyanin changed cell morphology and EMT markers in pancreatic cancer cells. During
EMT, the distribution and expression of cytoskeleton altered, usuvally companied by the change of
cell morphology [15]. As shown in Figure 2A, under the treatment of phycocyanin (5, 10, 20 and 40
uM), PANC-1 and BxPC3 cells showed obvious morphological alteration. Immunofluorescence
assay further confirmed that phycocyanin altered the morphology and distribution of microtubules
significantly (Figures 2B, 2C). Furthermore, phycocyanin also increased the expression of epithelial
cell marker molecules E-Cadherin and keratin-8 in pancreatic cancer cell lines time-dependently,
while reduced the expression of interstitial cell marker molecules N-cadherin, fibronectin and
vimentin (Figure 2D).

Phycocyanin inhibited the metastasis of pancreatic cancer cells in vivo. To investigate the
inhibitory effect of phycocyanin on the tumor metastasis, PANC-1-Luciferase cells were used to
track the movement of tumor cells in nude mice. As shown in Figure 3A, PANC-1-Luciferase cells
in control group transferred throughout the body along with intense luminescence, while under the
treatment of phycocyanin, tumor metastasis was obviously suppressed dose-dependently, especially

in the high dose group. In order to verify the inhibition of phycocyanin on EMT, we firstly detected
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ICAM-1, VCAM-1 and MMP-9 expression in xenograft tumor in the nude mice. As shown in
Figure 3B, phycocyanin could reduce the expression of ICAM-1, VCAM-1 and MMP-9 in tumor
tissues. For further confirmation, we used immunohistochemistry assay to detect the expression
level of epithelial marker E-cadherin and interstitial markers vimentin and fibronectin in tumor
tissues. As shown in Figures 3C and 3D, phycocyanin could significantly increase the expression
level of E-cadherin and decrease expression levels of vimentin and fibronectin. Combined the
results of the expression of EMT markers in vitro and in vivo, phycocyanin significantly changed
EMT phenotype in pancreatic cancer cells.

Phycocyanin inhibited the Akt/pB-catenin pathway in pancreatic cancer cells. To determine the
downstream mechanisms underlying the role of phycocyanin in the metastasis of pancreatic cancer
cells, phycocyanin was examined in terms of inhibiting Akt activity. As expected, introduction of20
UM phycocyanin into PANC-1 and BxPC3 cells significantly suppressed Akt phosphorylation
(Figure 4A). These results indicated that phycocyanin normally acted to suppress Akt activity in
pancreatic cancer cells. The transcription factor f-catenin, as a direct or indirect downstream target
of Akt, is widely known to crucially affect tumor invasion and metastasis [19]. Hence, the
expression of nuclear B-catenin was detected by using western blot assay. As our results shown,
phycocyanin reduced nuclear B-catenin level of PANC-1 and BXPC3 cells significantly (Figure 4B).
Akt activator counteracted the inhibitory effect of phycocyanin on the migration of pancreatic
cancer cells. To further confirm the relationship between Akt overactivation and the inhibitory
effect of phycocyanin on the migration, PANC-1 cells were treated with Akt activator SC79. From
the result, SC79 could effectively counteract the inhibitory effect of phycocyanin on Akt
phosphorylation in pancreatic cancer cells (Figure SA). Besides, SC79 also reversed the inhibitory
effect of phycocyanin on the migration of PANC-1 and BxPC3 cells (Figures 5B, 5C). Therefore,
these results suggested that phycocyanin inhibited the migration of pancreatic cancer cells via pAkt
downregulation.

Akt/B-catenin pathway was vital for phycocyanin to suppress pancreatic cancer cell EMT. Akt
activation is known to promote EMT [15]. As shown in Figure 6 A, under the action of Akt activator
SC79, the phycocyanin-induced expression of EMT biomarkers (E-cadherin, keratin-8, N-cadherin,
fibronectin and vimentin) in pancreatic cancer cells was reversed. This result indicated that

phycocyanin reversed EMT process through Akt inactivation in pancreatic cancer cells. On the
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other hand, immunofluorescence assay showed that without SC79, phycocyanin inhibited the
nuclear translocation of transcription factor B-catenin, while with SC79, the inhibitory effect was
reversed (Figure 6B). Based on these results, Akt/B-catenin axis was thought to potentially mediate

the effect of phycocyanin on EMT process of pancreatic cancer cells.

Discussion

Increasing evidence showed that phycocyanin has the anti-cancer effect [24]. Our previous study
has demonstrated that phycocyanin can inhibit the growth of various cancer cell lines as well as
pancreatic cancer effectively in mouse xenograft tumor model [24]. In this study, we used classical
cell scratch method and Matrigel matrix gel invasion method to determine the effect of phycocyanin
on the metastasis function of pancreatic cancer cells. Additionally, we used real-time live cell
imaging to intuitively describe the cell movement of pancreatic cancer cells. Our findings presented
that phycocyanin inhibited migration, invasion and movement of pancreatic cancer cells in vitro,
and the tumor metastasis in mouse xenograft tumor model

The EMT phenotype is associated with pancreatic cancer cell metastasis [25-27]. In fact, there are
many natural plant ingredients that can inhibit epithelial mesenchymal transition and show effective
anti-cancer effect, mainly including flavonoids, polyphenols and alkaloids [28]. We demonstrated
that phycocyanin treatment could suppress EMT phenotype acquisition by down-regulating the
mesenchymal cell marker and up-regulating of the epithelial cell marker. The EMT process is a
gradual process in highly metastatic tumor and plays a cumulative role in the adhesion of tumor
cells at a specific level [3]. Adhesion molecules ICAM-1 and VCAM-1 in tumor tissues play
important roles in tumor progression and metastasis [13, 29]. Consequently, it is of great
significance to detect the expression of adhesion molecules as a way to measure tumor metastasis
[30]. Moreover, matrix metalloproteinases (MMPs) are essential to promote tumor metastasis via
selectively regulating the tumor microenvironment to promote tumor cell metastasis, as well as to
induce EMT [10]. Activated MMPs degrade ECM components, causing cancer cells expansion
without resistance, and there is a positive correlativity between MMP-9 and pancreatic cancer cell
invasion [31]. Indeed, our results showed that phycocyanin could significantly reduce the
expression of ICAM-1, VCAM-1 and MMP-9 in tumor tissues. These indicated that phycocyanin

contributed to inhibiting pancreatic cells metastasis, partly by regulating adhesion molecules and



285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

MMP expression and controlling ECM degradation.

In addition, EMT involves reorganization of the cytoskeleton. During EMT, cell morphology may
undergo external changes as a result of changes in the distribution and expression of cytoskeleton
[32]. Microtubules are the main components of cytoskeleton, which consist of o and B-tubulin
dimers. Through their dynamic characteristics, they have been proved to control the intracellular
transport, molecular signaling and directional movement of cells [15]. We used
immunofluorescence method to qualitatively analyze the microtubule (a-tubulin) induced by
phycocyanin in pancreatic cancer cells, and the results showed that the distribution of microtubules
in pancreatic cancer cells was altered by phycocyanin.

Akt activation could promote EMT [15], and impact on cancer cells growth, polarity, migration and
invasion [18]. It has been reported that EMT regulation need the involvement of B-catenin in
multiple human cancers [33]. Enhancement of B-catenin stability and transcriptional activity caused
by Wnt-dependent or independent signal transduction plays a key role in tumor invasion and
metastasis [18]. Activated Akt can stabilize B-catenin by phosphorylation and/or inhibiting GSK-3,
thereby removing it from cell-to-cell contacts and nuclear accumulation [19]. In the present study,
we found that phycocyanin blocked the activation of Akt and the nuclear localization of B-catenin in
pancreatic cancer cells. To validate the role of Akt/B-catenin pathway, we used the Akt activator
SC79 to maintain Akt activation in pancreatic cancer cells. The results showed that the effect of
phycocyanin on pancreatic cancer cell migration and EMT phenotype was completely suppressed
by Akt activator SC79. In addition, the decreased level of nuclear B-catenin in the pancreatic cancer
cells when treated with phycocyanin was also increased when SC79 used. It is possible to indicate
that Akt/B-catenin pathway is involved in the role of phycocyanin against pancreatic cancer
metastasis.

Taken together, our results reveal the function and mechanisms of phycocyanin in regulating
pancreatic tumor metastasis. We demonstrated that phycocyanin inhibited pancreatic cancer cells

metastasis via suppressing epithelial- mesenchymal transition and targeting Akt/B-catenin pathway.
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Supplementary data are available in the online version of the paper.
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Figure Legends

Figure 1. Phycocyanin inhibited migration, invasion and movement of pancreatic cancer cells in
vitro. A) Wound healing assay was performed to assess the effect of phycocyanin on the migration
of PANC-1 and BxPC3 human pancreatic cancer cells. The cells were treated with different doses of
phycocyanin for 72 h. The 0 h panel indicates the original space between the cell layers immediate
after making a scratch (X200 magnification). Scale bar=100 pm. B) Quantitation of the cells wound
healing assay. Data were presented as meantSD, ***p < 0.001 vs. Control, n=3. C) Matrigel
invasion assay was performed to examine the effect of phycocyanin on the invasive capacity of
PANC-1 and BxPC3 cells. The cells were seeded in Matrigel-coated Boyden chambers and were
incubated with different doses of phycocyanin as indicated. After 48 h, the cells invading the
membranes were stained and then counted (X200 magnification). Scale bar=100 pm. D)
Quantitation of the cell invasion. Data were presented as meantSD, **p < 0.01 vs. Control, n=4. E)
Effect of phycocyanin on the pancreatic cancer cell motion. The movement tracks of PANC-1 cells
along the time-lapse sequences from the first frame to the 96 th frames, covering 48 h in vitro. The
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tracks have been automatically corrected and verified (position). Mean deviation of cell positions
was obtained by the registration software from those obtained using Retrac against the all the 96

frames (distance).

Figure 2. Effects of phycocyanin on the morphology, microtubule morphology and the transition
from mesenchymal-to-epithelial in pancreatic cancer cells. A) Phycocyanin induced the
morphological changes of PANC-1 and BxPC3 cells. Cells were treated with indicated
concentration of phycocyanin and images were taken at the indicated time points (%400
magnification). Scale bar=50 pm. B) Phycocyanin-induced change of cytoskeletal structure of
pancreatic cells. PANC-1 and BxPC3 cells were incubated without (Control) or with 40 uM
phycocyanin in serum-containing medium for 48 h. These cells were fluorescence-stained for
a-tubulin (green) by using a specific antibody and DAPI (blue). Fluorescence images were obtained
with a High Content Screening System (%400 magnification). Scale bar=50 pm. C) Quantitation of
the a-tubulin (green) fluorescence intensity. Data were presented as meantSD, ***p < 0.001 vs.
Control, n=3. D) The levels of epithelial and mesenchymal biomarkers in PANC-1 and BxPC3 cells

after treatment with phycocyanin were verified using western blot analysis.

Figure 3. Phycocyanin inhibited the metastasis of pancreatic cancer cells in nude mice. A) Whole
animal imaging analysis of mice (1=3/group). PANC-1-Luciferase cells (1 x 10°) were injected
intravenously into nude mice (n=3). Mice were treated with intraperitoneal injection of indicated
phycocyanin (every other day). Images of mice from control and treatment groups are shown on day
30 after cell implantation. B) Western blot analysis for the expression of ICAM-1, VCAM-1 and
MMP-9 in tumor tissue (n=3/group). C) Representative images of immunohistochemistry staining
of E-cadherin, vimentin and fibronectin in the PANC-1 xenografts (x400 magnification). Scale
bar=50 pm. D) Quantitation of the immunohistochemistry staining. Data were presented as

mean=SD, ***p <(0.001 vs. Control, n=3.

Figure 4. Phycocyanin inhibited the phosphorylation of Akt and -catenin nuclear translocation in
pancreatic cancer cells. A) Western blot analysis of pAkt and total Akt in PANC-1 and BxPC3 cells.

GAPDH was shown as a loading control, n=3. B) Western blot analysis of -catenin in the nucleus.
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Histone H3 was shown as a loading control, n=3.

Figure 5. Akt activator SC79 counteracts phycocyanin-induced migration inhibition in pancreatic
cancer cell line PANC-1. A) p-Akt and Akt were analyzed by immunoblotting. B) Cell migration
was examined by wound healing assay. Cells were preincubated with 500 ng/ml SC79 for 1 h and
then treated with or without 20 uM phycocyanin for 48 h (x200 magnification). Scale bar=100 pm.
C) Quantitation of the cells wound healing assay. Data were presented as meantSD, **#*p < 0.001

vs. Control, n=3.

Figure 6. Phycocyanin inhibits EMT of pancreatic cancer cells through Akt/B-catenin axis. A) SC79
reversed the effect of phycocyanin on EMT. The expression levels of E-cadherin, keratin-8,
N-cadherin, fibronectin, and vimentin in PANC-1 and BxXxPC3 cells were measured by western
blotting, n=3. B) The translocation of B-catenin was demonstrated by immuno fluorescence staining

(x400 magnification). Scale bar=50 um, n=3.

15



Fig. 1

A

m

Position

Distance

Download full resolution image

Control

Control

Ly
(&}
3
o
™
Q
o
>
o
Control
661.00 - -
~J e Ser S
i 495.11 \?v\ -'7,‘& “.- \‘
5 2 W
- 1] T
163.32 . ! -
W
258 . LT L. J
-230.00 -9.26 211.50 432.25 653.00

X (um)

phycocyanin

5uM

NS

10 pM

5uMm
phycocyanin

ra ¥

phycocyanin B Relative migration area(%)
Op, oS & 9
5uM 10 uM p 0 u 6?6.0/
: ‘ ,
* *
-
it
H
 —
*
i oo
g — %2
= Q8
* [

Invading cell number

NN
g 8 28 ¢

CO,;?/S i
20uM S
1o :
90 44 *
Af/[,, :
OO/)‘/,VS : 0 l
4 S—T
70/"#’14 = § X >
M ny 8 %
'("44 gl x w AN
10puM 20 uM
phycocyamn phycocyanln
sakoe : ; = 662.0 7= =
488.65 » * . 4965, 7 i
319.30 _{i‘, "?l\ ’:; 2. a0 :“:'\ -;/\? ‘:'_ .
149.95 d: - :' tess ... S 2
19.40 = ¥ ('Y a4 N -
0 210 630 840  -127.00 94.25 34550 536.75 758.00
33.50 33.50,
2513 25.13 ‘
16.75 16.75

0.00 5
1.00

o e

8.25 15.50

o

30.00 1.00 8.25 15.50

i
22.75

22.78 30.00



D

W BxPC3 PANC-1

a-Tubulin DAPI

Merge

O

Download full resolution image

phycocyanin

20 uM > BxPC3
7 21501
£
SQ
= .S 100 —_—
S8
25 &t
T3
Qo
s
> 0 r
BxPC3 PANC-1 =
>
40 pM & o
Control phycocyanm Control phycocyanin cP X
< mm PANC-1
=
c % 1501
= C
S22
- c
& o 1007
.g % Jedkek
@8 s0-
(O]
xs
=]
= oA
- - & ¥
s W
& &
PO ST AT\ O L0
< XV ¥ P o'\q"\?‘b?’

PANC-1

- e . E-cadherin

« - += =+ ==| Keratin

[s=== - = | N-cadherin
[ss s s ww | Fibronectin

s Vimentin
[ = o == | GAPDH

BxPC3

[~ =< %=%=] E-cadherin
| ~% +»| Keratin
|~ | N-cadherin
I""""' ad | Fibronectin
|----| Vimentin
[= = = =| GAPDH
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