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Introduction: Positive resection margins occur in about 2.8%-8.2% gastric cancer
surgeries and is associated with poor prognosis. Intraoperative guidance using
Nearinfrared (NIR) fluorescence imaging is a promising technique for tumor
detection and margin assessment. The goal of this study was to develop a tumor-
specific probe for real-time intraoperative NIR fluorescence imaging guidance.

Methods: The tumor vascular homing peptide specific for gastric cancer,
GEBP11, was conjugated with a near-infrared fluorophore, Cy5.5. The
binding specificity of the GEBP11 probes to tumor vascular endothelial cells
were confirmed by immunofluorescent staining. The ability of the probe to
detect tumor lesions was evaluated in two xenograft models. An orthotopic
gastric cancer xenograft model was used to evaluate the efficacy of the GEBP11
NIR probes in real-time surgical guidance.

Results: In vitro assay suggested that both mono and dimeric GEBP11 NIR probes
could bind specifically to tumor vascular epithelial cells, with dimeric peptides
showed better affinity. In tumor xenograft mice, live imaging suggested that
comparing with free Cy5.5 probe, significantly stronger NIR signals could be
detected at the tumor site at 24-48h after injection of mono or dimeric GEBP11
probes. Dimeric GEBP11 probe showed prolonged and stronger NIR signals than
mono GEBP11 probe. Biodistribution assay suggested that GEBP11 NIR probes were
enriched in gastric cancer xenografts. Using dimeric GEBP11 NIR probesin real-time
surgery, the tumor margins and peritoneal metastases could be clearly visualized.
Histological examination confirmed the complete resection of the tumor.

Conclusion: (GEBP11)2-ACP-Cy5.5 could be a potential useful probe for
intraoperative florescence guidance in gastric cancer surgery.
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Introduction

Gastric cancer is the third leading cause of cancer-related
deaths worldwide with over 1 million estimated new cases
detected annually (1). Curative surgery constitutes the
mainstay for gastric cancers, even though targeted therapies
and immunotherapy are widely used (2-4). Surgery for gastric
cancer aims at RO resection with negative margins and adequate
lymphadenectomy. Following guidelines on margin length, RO
resection could be achieved in the majority of gastric cancer
patients. However, positive resection margin is reported in about
2.8%-8.2% gastric cancer patients who underwent gastrectomy
and is associated with poor clinical outcomes (5, 6).
Intraoperative fluorescence or endoscopic guidance have been
used to assist the gastrectomy procedures (7, 8). However,
surgeons still primarily rely on white light to determine the
margins in gastric cancer surgery. Powerful intraoperative image
guidance will be helpful for fast and accurate visualization of
tumors during surgery and minimize R1 resection.

Near-infrared (NIR) fluorescence imaging holds great
promise for image-guided surgery due to relatively low
autofluorescence and deep photon penetration as well as high
sensitivity without risk of radiation exposure (9). With the
assistance of NIR fluorescence imaging, surgical field can be
color coded and margins between the tumor and normal tissues
can be well visualized (10). When combined with appropriate
contrast agents, NIR fluorescence imaging can provide real-time
image guidance to ensure successful removal of all the cancerous
tissue and decrease complications. NIR fluorescence probes have
been successful used in intraoperative tumor imaging and
sentinel lymph node (SLN) mapping of various types of
cancers such as ovary cancer, prostate cancer, colon and
rectum cancer and gastric cancer (11-13). Currently,
indocyanine green (ICG)-based fluorescence imaging has been
used for real-time anatomy assessment and intraoperative
lymphography (7, 14). Though promising, ICG is not cancer-
specific, and could yield false positive or false negative results
(15, 16). Human epidermal receptor 2 (HER2) and folate
receptor have also been targeted for real-time intraoperative
molecular imaging of gastric cancer (17). But their expression in
the cancer tissue significantly affects the performance of
these methods.

Using in vivo phage display, we have identified a peptide,
GEBP11, which specifically binds to the tumor vasculature of
human gastric cancer (18). In our previous studies, 1131 or FITC
labeled GEBP11 probes showed high affinity and specificity to the
vasculature of gastric cancer, which could be used for in vivo
imaging and targeted therapy (19, 20). In the present study, mono
and dimeric GEBP11 peptides were labeled with NIR fluorophore
dye, Cy5.5. These probes were verified in vitro and in vivo for their
specificity and affinity. Then dimeric GEBP11 NIR probe was used
for intraoperative NIR fluorescence imaging guidance in gastric
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cancer xenograft mouse models. Margins of the surgical
specimens was examined to confirm complete resection.

Materials and methods

Synthesis and fluorescence labeling of
(GEBP11),-ACP and GEBP11

Both mono and dimeric GEBP11 peptide were biochemically
synthesized by Qiangyao biotechnology company (Shanghai,
China). Dimeric GEBP11 peptide was prepared by covalently
crosslinking single peptides with an artificial peptide (ACP)
linker, to form (GEBP11),-ACP. For labeling, GEBP11 peptide
(2.12 mg, 2 mmol) or (GEBP11),-ACP (4.43 mg, 2 mmol) and
TEA (12 pL, 0.08 mmol) were dissolved in 1ml DMSO, with a 2-
fold molar excess of Cy5.5-NHS (2 mg, 4 mmol) separately. The
mixture was further protected from light and rotated at room
temperature overnight. After completion of reaction, the
mixture was lyophilized using a freeze-dryer to remove
DMSO. Next, the product was dissolved in 2 mL PBS in
dialysis bag and dialyzed (1L PBS x 3) to remove the
unconjugated Cy5.5. Finally, the solution was lyophilized to
obtain Cy5.5 labeled probes. The probes were characterized by
high resolution mass spectrometer to confirm their purities
(HRMS, ESI, positive mode; Cy5.5-GEBP11: calculated
M,=1999.7, found m/z =1997.6405 ([M,]). Cy5.5-(GEBP11),:
calculated M, = 3210.4, found m/z = 1605.3002 [(M,+H")/2]).

Cell lines

Human umbilical vein endothelial cells (HUVECs) and
human gastric adenocarcinoma cell line SGC7901 used for in
vitro targeting test were preserved in our laboratory. SGC7901
cells constitutively expressing luciferase or GFP (SGC7901-Luc
or SGC7901-GFP) were established as previously reported (21),
dual transfected cell lines were prepared for establishing tumor
xenograft models. All mentioned cells were cultured in RPMI
1640 medium, supplemented with 10% fetal calf serum (Gibco,
USA), 100 pug/mL streptomycin and 100 units/mL penicillin.

In vitro specificity and affinity assay

Previous studies have demonstrated that co-culture of the
cancer cells with vascular endothelial cells could create a similar
microenvironment with the situation in the solid tumor mass
(22, 23). SGC7901 cells and HUVECs were cocultured as
previously described (18). Co- HUVECs (co-cultured
HUVECs), HUVECs and SGC7901 cells were harvested at log-
growth phase and characterized by bench top fluorescent
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microscopy. Cells were incubated with 1uM GEBP11-Cy5.5 or
(GEBP11),-ACP-Cy5.5 for 6h at 37°C in a humidified
atmosphere with 5% CO,. Binding affinity of the probes to
cultured cells were detected by laser scanning confocal
microscope (FV3000, Olympus, Japan). Nucleus were re-
stained with ProLongTM Gold Antifade Mountant with DAPI
(Invitrogen, USA) at room temperature. For binding specificity
assessment, cells were pretreated with 25uM unlabeled GEBP11
for 30min at 37°C before incubating with the labeled probes.

Animal tumor xenograft models

All animal experiments were conducted in compliance with
protocols approved by the Institute of Animal Use Committee of
Air Force Medical University. All gastric cancer xenograft
models were established in 6-8 week old female athymic nude
mice. The SGC7901-Luc or SGC7901-GFP cell suspension at a
concentration of 2 x 10° cells/mL was prepared. For
subcutaneous xenograft model, SGC7901-GFP cells suspension
(100puL/mouse) were injected subcutaneously into the right
upper limb (for in vivo binding affinity test) or lower flank of
mouse (for in vivo biodistribution assay). The orthotopic gastric
cancer xenograft models were established as described
previously (21), In brief, open abdominal surgery was
performed on the mice under general anesthesia, SGC7901-
Luc cells suspension (100uL/mouse) were injected into the
subserosa layer of the stomach.

Tumor growth was monitored by Caliper IVIS Lumina II
(PerkinElmer, MA, USA). GFP fluorescence imaging was
performed in subcutaneous xenograft model. Bioluminescence
imaging (BLI) was performed to monitor tumor growth in the
orthotopic xenograft models. Because of its higher penetrability
and sensitivity, peritoneal metastasis can be visualized clearly as
well. Before BLI was acquired, mice were injected with D-
luciferin (150 mg/kg) by intraperitoneal injection and
anesthetized with 2% isoflurane. Living Image software 4.7.3
(IVIS) was used to quantify bioluminescence signals.

All mice were fed irradiated alfalfa-free rodent diet (Envigo
Teklad, Madison, WI) to reduce background in stomach and gut
for one week prior to the imaging experiments. The mice models
were used for in vivo imaging and surgical procedures when
xenograft diameter reached 5 to 10 mm.

Live imaging and biodistribution assays

Xenograft mice were injected with 200 ul GEBP11-Cy5.5,
(GEBP11),-ACP-Cy5.5 or free Cy5.5 (5 uM in PBS) via tail
veins. Live NIR fluorescence imaging was performed at different
time points. NIR Fluorescence intensity was quantified by
region-of-interest (ROI) measurement using Living Image
software 4.7.3 (IVIS).
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Subcutaneous tumor xenograft models were used to detect
the biodistribution of NIR signals. Mice were euthanized at 24h
after injection of the labeled probes or free Cy5.5. All assays were
done in triplicates. Then tumor xenografts and main organs
(heart, lung, kidney, bone, muscle, brain, spleen, liver, skin and
intestines) were harvested. Living Image version 4.7.3 Software
(IVIS) was used to quantify the NIR fluorescence intensity at
selected ROIs. All ROI data were collected after subtracting
background autofluorescence. Differences in the fluorescence
intensities of the ROIs between different probes were
statistically analyzed.

Real-time NIR fluorescence imaging-
guided resection and histological analysis

Orthotopic gastric cancer xenograft mice were anesthetized
with a ketamine/xylazine mixture via intraperitoneal injection
24h after injection of (GEBP11),-ACP-Cy5.5 probe. Real-time
NIR fluorescence imaging was used to guide the removal of the
primary cancer lesion and potential metastatic lesions. After
resection, all surgical specimens and surgical beds were
examined by NIR fluorescence imaging to confirm complete
resection. To compare the efficacy of the dimer GEBP11 NIR
imaging, BLI imaging pictures were taken before and after
resection, the findings of BLI imaging were kept blind to the
researcher who performed the surgery.

Resected samples were embedded in optimum cutting
temperature (OCT) compound (Leica, Germany), and 10um-
thick frozen tissue sections were cut on a cryostat microtome
(Leica, Germany). The sections were fixed immediately with
precooled isoacetone for 30min and stored at -20°C.
Hematoxylin and Eosin (H&E) staining was used for
histological analysis. Tumor margins defined by H&E staining
and NIR fluorescence were compared. All slides were scanned by
using Pannoramic-250 Flash II slide-scanner (3D-Histech,
Budapest, Hungary) and analyzed by Case viewer software
(3D-Histech, Budapest, Hungary). Mouse tumor vascular
endothelial cells were stained by FITC-labeled rat anti-mouse
CD31 (89C2) antibody (CST, Boston, USA). Fluorescence
microscopy was used to validate the colocalization of
(GEBP11),-ACP-Cy5.5 probe and tumor microvessel.
Fluorescence microscopic images were acquired at 100x
magnification by using Echo Revolve upside-down integrated
fluorescence microscope (ECHO, USA).

Statistical analysis

Quantitative data were expressed as means+ standard error.
Student t-test was used to compare mean values. Statistical
analyses were performed using the Graphpad Prism 8.0.2(263).
All the statistical analyses were two-tailed. P-value<0.05 were
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considered statistical significance (¥*p<0.05,
#p<0.005, ***p<0.001.)

p<0.01,

Results

Preparation of GEBP11 NIR probes and in
vitro binding assays

The structures and mass spectroscopy analysis results were
shown in Figure SI. The purities of synthesized peptides were
99.2% for GEBP11 and 95.8% for (GEBP11),-ACP-Cy5.5. The
labelling efficiency of Cy5.5-GEBP11 and (GEBP11),-ACP-Cy5.5
were 90% and 75%, respectively.

After incubation with GEBP11-Cy5.5 or (GEBP11)2-ACP-
Cy5.5 probes, Co-HUVECs showed strong fluorescence signal,
while only scarce signal could be detected on HUVECs or
SGC7901. (GEBP11),-ACP-Cy5.5 showed much higher signal
intensity than GEBP11-Cy5.5. Blocking with unlabeled GEBP11
significantly inhibited the binding of labeled probes to the Co-
HUVECs (Figure 1). These findings suggested that both
GEBP11-Cy5.5 and (GEBP11),-ACP-Cy5.5 had high affinity
and specificity for tumor vascular epithelial cells.

GEBP11-CY5.5 (GEBP11),-ACP-CY5.5

FIGURE 1

In vitro binding affinity of (GEBP11),-ACP-Cy5.5 or GEBP11-Cy5.5
Confocal immunofluorescence of Cy5.5 labeled GEBP11 probes
showed that a high level of (GEBP11),-ACP-Cy5.5 accumulated in
the Co-HUVECs. The competitive inhibition assay demonstrated
the suppressive effect of GEBP11-Cy5.5 binding to Co-HUVECs by
GEBP11. Cells were stained with DAPI in blue, and Cy5.5 labeled
probes colored in red. Scale bar, 50um

Blocking group

SGC 7901

HUVEC

CO-HUVEC
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In vivo NIR fluorescent imaging in
subcutaneous gastric cancer xenograft
models and biodistribution assays

The subcutaneous gastric cancer xenograft mice were used to test
efficacy of the GEBP11 probes for live fluorescence imaging. NIR
fluorescence signal could be detected at the tumor sites after injection
with GEBP11-Cy5.5 or (GEBP11),-ACP-Cy5.5. Free Cy5.5
accumulated mainly in the kidneys, and no significant signal was
detected at the tumor sites (Figure 2A). At the tumor sites, the NIR
fluorescence signal of (GEBP11),-ACP-Cy5.5 peaked at 24h,
gradually declined at 30h and 48h, then dropped markedly at 96h
(Figure 2B). GEBP11-Cy5.5 fluorescence signal increased rapidly at
24h, peaked at 30h and decreased sharply at 48h (Figure 2B). To
assess the relative signal intensity, tumor to muscle ratio (TMR) of the
signal intensity was calculated. Both probes had the highest TMR
value at 24h (Figure 2C). Overall, (GEBP11),-ACP-Cy5.5 showed
stronger and prolonged fluorescence signal than GEBP11-Cy5.5,
suggesting that (GEBP11),-ACP-Cy5.5 was more efficient and
durable for live imaging (Figure 2C).

To further validate the distribution of the NIR probes in vivo,
tumors xenografts and major organs were harvested at 24h after the
injection and underwent ex vivo fluorescence imaging. As shown in
Figure 3, majority of free Cy5.5 was found in the kidney, without
enrichment in the tumor. GEBP11-Cy5.5 was enriched in the tumor,
with kidney showing moderate enrichment. Significant enrichment
of the (GEBP11),-ACP-Cy5.5 was found in the tumor, comparing
with other normal organs. Tumor-to-muscle ratios of (GEBP11),-
ACP-Cy5.5 was 9.76, significantly higher than GEBP11-Cy5.5 (5.65).
All these findings suggested that (GEBP11),-ACP-Cy5.5 had higher
specificity and better tumor-to-background contrast for in
vivo imaging.

In vivo NIR fluorescence imaging
in orthotopic gastric cancer
xenograft models

To simulate the “natural” scenario, the GEBP11 probes were
further evaluated for in vivo NIR fluorescence imaging in orthotopic
gastric cancer xenograft mice. BLI was used to locate the tumor
xenografts. As shown in Figures 4A, B stronger NIR fluorescence
signal was detected at the tumor sites in mice injected with (GEBP11)
»-ACP-Cy5.5 at 6h comparing with mice injected with GEBP11-
Cy5.5 or free Cy5.5. Signal intensity for both (GEBP11),-ACP-Cy5.5
and GEBP11-Cy5.5 probes peaked at 24h and then declined
significantly at 48h, while signal intensity for free Cy5.5 dropped
rapidly after 6h. Calculated tumor to muscle ratios (TMR) of the NIR
signal intensity showed similar patterns (Figure 4C). The NIR
fluorescence intensity curve of the (GEBP11),-ACP-Cy5.5 NIR
probe was smoother than GEBP11-Cy5.5, suggesting that binding
of the (GEBP11),-ACP-Cy5.5 was more rapid and stable from 6h to
24h after injection.
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GEBPI1-CY5.5

(GEBPI11),-ACP-CY5.5

Free CY5.5
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NIR fluorescent imaging of GEBP11 series probes in subcutaneous tumor models. (A) In vivo continuous observations (0-96 h) of SGC7901 bearing
xenografts after intravenous administration of series probes by VIS imaging system. (GEBP11),-ACP-Cy5.5 probe exhibited more specific tumor
targeting and longer retention, while the fluorescence signal mainly focused on kidney in the negative control (Free Cy5.5) group. (B) Dynamic changes
of total fluorescence signal in the tumor site. (C) Comparison of tumor-to-muscle ratio of different probes. All data were expressed as mean + SD

*p < 0.05; **p < 0.01.

Intraoperative fluorescence imaging
guidance for gastric cancer resection

To assess the potential utility of (GEBP11),-ACP-Cy5.5 to
aid tumor resection, real-time intraoperative fluorescence was
used to guide surgical resection of gastric cancer in orthotopic
gastric cancer xenograft model. Under white light, xenograft

Free CYS.5

B
W= HEART LUNG w= LIVER ™= STOMACH == COLON
== KIDNEY SPLEEN w= TUMOR == MUSCLE
5108
7
2z
E 2 3x10°
—jan
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£3 om0 .
s
o3 1x10°
<=
o . 2
Free-CY5.5 GEBPI1-CY55  (GEBP11)-Acp-CY55

FIGURE 3

GEBP11-CY5.5

tumors seemed to be deeply invasive and the margins between
tumor and surrounding normal tissues were hard to identify.
Under NIR fluorescence imaging, the tumor margins were
located, and tumors were removed (Figure 5A). Interestingly,
(GEBP11),-ACP-Cy5.5 also detected peritoneal metastatic
lesions indistinguishable under white light (Figure 5B).
Metastatic lesions were also removed. After resection, the

(GEBP11),-Acp-CY5.5

*/MUSCLE
m— Freecys.s
= GEBP11-CY5.S

= (GEBP11)-Acp-CY5.5

‘Tumor to muscle ratio

Biodistribution study of free Cy5.5, GEBP11-Cy5.5 and (GEBP11),-Acp-Cy5.5 group in vivo. (A) Representative fluorescence images of the
subcutaneous tumor-bearing mice and excised organs at 24 h post-injection, Color bar Units: [p/s/cm?/srl/[uW/cm?]. (B) Average signal
intensity of main organs in each group of mice. (C) Quantification of SBR profiles (tumor to muscle) of nude mice administered GEBP11 series
probes at 24h. ****P < 0.001, n=3. *Abbreviation label of main organs: H, Heart, Lu, Lung, K, Kidney, Mu, Muscle; Sp, Spleen; Li, Liver; In,

Intesinal; G, Gastric; T, Tumor.
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after injection with probes. (B) Total fluorescence signal emitted from the tumor site over time. (C) tumor-to-muscle ratio of the series probes

over time. *p < 0.05; **p < 0.01.

surgical beds and resected specimens were examined by NIR
fluorescence imaging to ensure complete resection. There was a
significant consistence between NIR findings and BLI imaging.
No residual cancer lesion could be detected by BLI after NIR-
guided resection.

After surgery, the margins between tumor and normal tissue
were determined by NIR and BLI, and then histological
examination was used to confirm the margins. Macroscopically,
the margin defined by NIR fluorescence on macroscopic specimen

A Before surgery Tumor exposure
Y

=2

3

2

b1

2

-

A

E 3

)

Bioluminescence

FIGURE 5

Gastric removal Gastric &Tumor

correlated well with the H&E staining; Microscopic examination
also confirmed the demarcation by NIR probe (Figure 6). By
confocal fluorescence microscopic examination, fluorescence
signals of (GEBP11),-ACP-Cy5.5 was found to co-localize with
CD31 on the tumor vascular epithelial cells that delineated the
tumor margins (Figure 7). Taken together, all these findings
suggested that NIR-dye-labeled (GEBP11),-ACP could serve as
an optical imaging probe for real-time intraoperative NIR

guidance in gastric cancer resection.

Bright Field

(GEBPI11),-ACP-CY5.5

Bioluminescence

Intraoperative detection and resection of gastric cancer by (GEBP11),-Acp-Cy5.5 probe. (A) Representative bioluminescence imaging (BLI) and
fluorescence images of mice before and after surgery in orthotopic xenografts models under fluorescence guidance; (B) Intraoperative
detection of peritoneal metastasis detected by white light imaging, BLI and molecular fluorescence-guided surgery (The red box represents
gastric cancer in situ, the white box represents peritoneal metastasis location).
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Bright Field

4 Border region

FIGURE 6

Intraoperative tumor margin assessment by (GEBP11),-Acp-
Cy5.5 probe. Compared with bright light imaging (A, D),
(GEBP11),-Acp-Cy5.5 probe enhanced tumor to normal tissue
contrast under fluorescence imaging in vivo and vitro (B, E),
which was confirmed by bioluminescence imaging (C, F). (G, H)
Immunohistochemical staining and fluorescence imaging
showed a clear tumor positive circumferential resection margin
(yellow dotted line). (I) Further microscopic histological analysis
of the resected tissue clearly visualized border regions between
tumor and surrounding healthy tissues, which was consistent
with fluorescence signals of (GEBP11),-ACP-Cy5.5 (J).

Discussion

Molecular imaging is playing increasingly important roles in
cancer diagnosis and treatment, especially in cancer surgery.
Compared with traditional imaging techniques, intraoperative
fluorescence imaging shows new possibilities and promising
potential in cancer care. Currently, diverse biological imaging
agents such as radionuclide, iron nanoparticles, and NIR agents
have been designed for tumor imaging and/or therapy of gastric
cancer (24, 25). A nanocolloid radiopharmaceutical reagent has been
tested for intraoperative visualization of SLN in gastric cancer
patients (26). The radionuclide detected SLN with high sensitivity
and specificity but could not distinguish metastatic from
nonmetastatic lymph nodes. The need for radiometry also
complicated the procedure. Moreover, it is hard for the
nanoparticles to permeate and transfer to the tumor sites due to
increased interstitial fluid pressure in gastric cancer. Several NIR
imaging reagents have also been reported. Among them, ICG
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FIGURE 7

Vascular targeted co-location fluorescence probe imaging.
Double labeling fluorescence using CD31 (green) and (GEBP11),-
Acp-Cy5.5 (red) probe showed tumor vessels in the peripheral
area near the tumor edge

fluorescence imaging (ICG-FI) is a well-established modality in the
SLN mapping and image-guided surgery of gastric cancer (27).
Nevertheless, ICG-FI suffers from several intrinsic drawbacks such
as its non-specificity, instability and limited quantum yield (27, 28).
Specific tumor antigens such as HER2 and carcinoembryonic antigen
(CEA) have been targeted for live imaging during gastric cancer
surgery (29-32). However, only a small portion of gastric cancer
express HER2 and CEA, which limited their use.

Tumor stromal cells serve as potential better targets for
fluorescence guided oncologic surgery. Aggressive cancers usually
have high stromal content, which often primarily locate at the
periphery/invasive front of the tumor. Unlike tumor antigens,
tumor stromal markers do not rely on specific genetic variation
and seem to be more “universal”. Neo-angiogenic endothelial cells is
the first tumor stromal cell to be exploited for imaging (33).
Antibodies, peptides, and small molecules targeting tumor
vascular endothelial cells have been developed. IRDye800CW
labeled with bevacizumab has been used in various fluorescence
molecular imaging trial targeting tumors and peritoneal
carcinomatosis that overexpress vascular endothelial growth factor
(12, 34, 35). Antibodies have large mass and complexed structure,
making them unsuitable for the targeting of solid tumors. The
properties of peptide, such as small size, high specificity, and easier
tissue clearance make them more preferrable for tumor imaging.
The stability and half-life of the targeting peptides could be further
improved by multivalent modification while preserving the correct
conformations (36, 37).
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In our study, we used a peptide specific for gastric cancer
vasculature for tumor imaging. Both mono and dimeric
GEBP11 polypeptides showed good affinity and specificity for
gastric cancer vascular endothelial cells. Previous studies
indicated that multivalent modification could increase
circulation time and lower renal clearance of the probes (19,
38). In the present study, dimeric GEBP11 peptide showed
better accumulation in tumors, prolonged signals and reduced
renal accumulation in vivo. Therefore, (GEBP11),-ACP-Cy5.5
was further tested for intraoperative fluorescence imaging.
Under NIR, tumor margins and peritoneal metastases could
be clearly visualized during surgery. Complete resection was
achieved in all animals. By examining the surgical specimens,
NIR signals correspond well with the histological findings,
which clearly delineated tumor margins and metastatic
lesions. The specificity of the probes for tumor vascular
endothelial cells was confirmed by CD31 co-staining. Taken
together, we developed a specific NIR probe for gastric cancer
imaging, which showed promising potential for fluorescence
guided oncologic surgery.

Although the findings of this study are encouraging, there
are some limitations. First, GEBP11 peptide receptor on vascular
endothelial cell is still unclear, but several candidate receptor
molecules have been acquired. Further work needs to be
conducted to understand the interaction between GEBPI11
peptide and its ligand. Second, we used Cy5.5 to label the
probes. Currently the use of cyanine dyes is still mostly
restricted in the laboratory. IRDye800CW has low auto-
fluorescence, high spatial resolution and has been used to label
drugs and probes in clinical trials (39). To facilitate clinical
translation, labeling (GEBP11),-ACP with IRDye800CW for
intraoperative imaging should be investigated. Third, though
specificity and binding affinity of GEBP11 for human gastric
cancer vasculature have been confirmed in vitro (20). In vivo
distribution of the probes in human should be invested before
clinical application. Besides, the usefulness of the probes for
metastatic gastric cancer should also be further studied. Other
models of gastric cancer with distal metastasis to lung, liver or
other organs should be used.

Conclusion

In summary, the present study demonstrates the potential of
a specific targeting probe, (GEBP11),-ACP-Cy5.5, for
highlighting tumor lesions with high contrast during
fluorescence-guided surgery, which may be used for the real-
time image-guided oncologic surgery of gastric cancer.
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Chemical structure and MS identification of Cy 5.5 labeled
GEBP11 probes.
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affinity and targeting properties of probes with different storage

References

1. Smyth EC, Nilsson M, Grabsch HI, van Grieken NCT, Lordick F. Gastric
cancer. Lancet (2020) 396:635-48. doi: 10.1016/S0140-6736(20)31288-5

2. Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, et al. Safety and
efficacy of pembrolizumab monotherapy in patients with previously treated
advanced gastric and gastroesophageal junction cancer: Phase 2 clinical
KEYNOTE-059 trial. JAMA Oncol (2018) 4:€180013. doi: 10.1001/
jamaoncol.2018.0013

3. Kang Y-K, Boku N, Satoh T, Ryu M-H, Chao Y, Kato K, et al. Nivolumab in
patients with advanced gastric or gastro-oesophageal junction cancer refractory to,
or intolerant of, at least two previous chemotherapy regimens (ONO-4538-12,
ATTRACTION-2): a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet (2017) 390:2461-71. doi: 10.1016/S0140-6736(17)31827-5

4. Bang Y-J, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, et al.
Trastuzumab in combination with chemotherapy versus chemotherapy alone for
treatment of HER2-positive advanced gastric or gastro-oesophageal junction
cancer (ToGA): a phase 3, open-label, randomised controlled trial. Lancet (2010)
376:687-97. doi: 10.1016/S0140-6736(10)61121-X

5. Katai H, Ishikawa T, Akazawa K, Isobe Y, Miyashiro I, Oda I, et al. Five-year
survival analysis of surgically resected gastric cancer cases in Japan: a retrospective
analysis of more than 100,000 patients from the nationwide registry of the Japanese
gastric cancer association (2001-2007). Gastric Cancer (2018) 21:144-54. doi:
10.1007/s10120-017-0716-7

6. Tu RH, Lin JX, Wang W, Li P, Xie JW, Wang JB, et al. Pathological features
and survival analysis of gastric cancer patients with positive surgical margins: A
large multicenter cohort study. Eur J Surg Oncol (2019) 45:2457-64. doi: 10.1016/
1.6j50.2019.06.026

7. Kong SH, Marchegiani F, Soares R, Liu YY, Suh YS, Lee HJ, et al.
Fluorescence lymphangiography-guided full-thickness oncologic gastric
resection. Surg Endosc (2019) 33:620-32. doi: 10.1007/s00464-018-6402-y

8. Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y, Shimoda T, et al.
Incidence of lymph node metastasis from early gastric cancer: estimation with a
large number of cases at two large centers. Gastric Cancer (2000) 3:219-25. doi:
10.1007/PL00011720

9. Zhang X, Wang B, Zhao N, Tian Z, Dai Y, Nie Y, et al. Improved tumor
targeting and longer retention time of NIR fluorescent probes using bioorthogonal
chemistry. Theranostics (2017) 7:3794-802. doi: 10.7150/thno.20912

10. Xi L, Jiang H. Image—guided surgery using multimodality strategy and
molecular probes. Wiley Interdiscip Rev Nanomed Nanobiotechnol (2016) 8:46—
60. doi: 10.1002/wnan.1352

11. Azais H, Canlorbe G, Kerbage Y, Grabarz A, Collinet P, Mordon S. Image-
guided surgery in gynecologic oncology. Future Oncol (2017) 13:2321-8. doi:
10.2217/fon-2017-0253

12. Hernot S, van Manen L, Debie P, Mieog JSD, Vahrmeijer AL. Latest
developments in molecular tracers for fluorescence image-guided cancer surgery.
Lancet Oncol (2019) 20:¢354-67. doi: 10.1016/S1470-2045(19)30317-1

13. Yang L, Sajja HK, Cao Z, Qian W, Bender L, Marcus Al et al. uPAR-
targeted optical imaging contrasts as theranostic agents for tumor margin
detection. Theranostics (2013) 4:106-18. doi: 10.7150/thno.7409

14. Schaafsma BE, Mieog JS, Hutteman M, van der Vorst JR, Kuppen PJ, Lowik
CW, et al. The clinical use of indocyanine green as a near-infrared fluorescent
contrast agent for image-guided oncologic surgery. ] Surg Oncol (2011) 104:323-32.
doi: 10.1002/j50.21943

Frontiers in Oncology

09

10.3389/fonc.2022.885036

duration (A, D: 7day, B, E: 2month, C, F: 6month) were tested in
subcutaneous tumor models. Fluorescence images of mice and excised
organs were collected 24h after tail vein injection (H, Heart, Lu, Lung, K,
Kidney, Mu, Muscle; Sp, Spleen; Li, Liver; In, Intestinal; G, Gastric;
T, Tumor).

SUPPLEMENTARY FIGURE 3

NIR fluorescent imaging of GEBP11 probes injection within 24 hours in
subcutaneous tumor models. (A) In vivo continuous observations (24 h) of
SGC7901 bearing xenografts after intravenous administration of series
probes by IVIS imaging system. (B) Quantification of average fluorescent
efficiency changes with time dependent in the tumor site. (C) Comparison
of tumor-to-muscle profiles between (GEBP11),-ACP-Cy5.5 & GEBP11-
Cy5.5 probe. ****p < 0.001.

15. Ogawa M, Kosaka N, Choyke PL, Kobayashi H. In vivo molecular imaging
of cancer with a quenching near-infrared fluorescent probe using conjugates of
monoclonal antibodies and indocyanine green. Cancer Res (2009) 69:1268-72. doi:
10.1158/0008-5472.CAN-08-3116

16. Jo D, Hyun H. Structure-inherent targeting of near-infrared fluorophores
for image-guided surgery. Chonnam Med ] (2017) 53:95-102. doi: 10.4068/
mj.2017.53.2.95

17. Debie P, Vanhoeij M, Poortmans N, Puttemans J, Gillis K, Devoogdt N, et al.
Improved debulking of peritoneal tumor implants by near-infrared fluorescent
nanobody image guidance in an experimental mouse model. Mol Imaging Biol
(2018) 20:361-7. doi: 10.1007/s11307-017-1134-2

18. Liang S, Lin T, Ding J, Pan Y, Dang D, Guo C, et al. Screening and
identification of vascular-endothelial-cell-specific binding peptide in gastric cancer.
J Mol Med (Berl) (2006) 84:764-73. doi: 10.1007/s00109-006-0064-2

19. ZhangJ, HuH, Liang S, Yin J, Hui X, Hu S, et al. Targeted radiotherapy with
tumor vascular homing trimeric GEBP11 peptide evaluated by multimodality
imaging for gastric cancer. J Control Release (2013) 172:322-9. doi: 10.1016/
jjconrel 2013.08.033

20. LiuL, Yin], Liu C, Guan G, Shi D, Wang X, et al. In vivo molecular imaging
of gastric cancer in human-murine xenograft models with confocal laser
endomicroscopy using a tumor vascular homing peptide. Cancer Lett (2015)
356:891-8. doi: 10.1016/j.canlet.2014.10.036

21. HuH, LiuJ, Yao L, Yin J, Su N, Liu X, et al. Real-time bioluminescence and
tomographic imaging of gastric cancer in a novel orthotopic mouse model. Oncol
Rep (2012) 27:1937-43. doi: 10.3892/0r.2012.1713

22. Hewett PW. Identification of tumour-induced changes in endothelial cell
surface protein expression: an in vitro model. Int ] Biochem Cell Biol (2001) 33:325-
35. doi: 10.1016/S1357-2725(01)00020-6

23. Khodarev NN, Yu J, Labay E, Darga T, Brown CK, Mauceri HJ, et al.
Tumour-endothelium interactions in co-culture: coordinated changes of gene
expression profiles and phenotypic properties of endothelial cells. J Cell Sci
(2003) 116:1013-22. doi: 10.1242/jcs.00281

24. Lu S, Li X, Zhang J, Peng C, Shen M, Shi X. Dendrimer-stabilized gold
nanoflowers embedded with ultrasmall iron oxide nanoparticles for multimode
imaging-guided combination therapy of tumors. Adv Sci (Weinh) (2018)
5:1801612. doi: 10.1002/advs.201801612

25. Shao J, Zheng X, Feng L, Lan T, Ding D, Cai Z, et al. Targeting fluorescence
imaging of RGD-modified indocyanine green micelles on gastric cancer. Front
Bioeng Biotechnol (2020) 8:575365. doi: 10.3389/fbioe.2020.575365

26. Sinilkin I, Chernov V, Afanas’ev S, Titskaya A, Zelchan R. Possibility of
nanocolloid radiopharmaceutical using for the visualization of sentinel lymph
nodes in patients with gastric cancer. Adv Mater Res (2015) 1084:577-81. doi:
10.4028/www.scientific.net/ AMR.1084.577

27. Li R, Liu B, Gao J. The application of nanoparticles in diagnosis and
theranostics of gastric cancer. Cancer Lett (2017) 386:123-30. doi: 10.1016/
j.canlet.2016.10.032

28. Mondal SB, Gao S, Zhu N, Liang R, Gruev V, Achilefu S. Real-time
fluorescence image-guided oncologic surgery. Adv Cancer Res (2014) 124:171-
211. doi: 10.1016/B978-0-12-411638-2.00005-7

29. Jeong K, Kong SH, Bae SW, Park CR, Berlth F, Shin JH, et al. Evaluation of
near-infrared fluorescence-conjugated peptides for visualization of human

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.885036/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.885036/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)31288-5
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1016/S0140-6736(17)31827-5
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1007/s10120-017-0716-7
https://doi.org/10.1016/j.ejso.2019.06.026
https://doi.org/10.1016/j.ejso.2019.06.026
https://doi.org/10.1007/s00464-018-6402-y
https://doi.org/10.1007/PL00011720
https://doi.org/10.7150/thno.20912
https://doi.org/10.1002/wnan.1352
https://doi.org/10.2217/fon-2017-0253
https://doi.org/10.1016/S1470-2045(19)30317-1
https://doi.org/10.7150/thno.7409
https://doi.org/10.1002/jso.21943
https://doi.org/10.1158/0008-5472.CAN-08-3116
https://doi.org/10.4068/cmj.2017.53.2.95
https://doi.org/10.4068/cmj.2017.53.2.95
https://doi.org/10.1007/s11307-017-1134-2
https://doi.org/10.1007/s00109-006-0064-2
https://doi.org/10.1016/j.jconrel.2013.08.033
https://doi.org/10.1016/j.jconrel.2013.08.033
https://doi.org/10.1016/j.canlet.2014.10.036
https://doi.org/10.3892/or.2012.1713
https://doi.org/10.1016/S1357-2725(01)00020-6
https://doi.org/10.1242/jcs.00281
https://doi.org/10.1002/advs.201801612
https://doi.org/10.3389/fbioe.2020.575365
https://doi.org/10.4028/www.scientific.net/AMR.1084.577
https://doi.org/10.1016/j.canlet.2016.10.032
https://doi.org/10.1016/j.canlet.2016.10.032
https://doi.org/10.1016/B978-0-12-411638-2.00005-7
https://doi.org/10.3389/fonc.2022.885036
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tian et al.

epidermal receptor 2-overexpressed gastric cancer. J Gastric Cancer (2021) 21:191-
202. doi: 10.5230/jgc.2021.21.¢18

30. Pye H, Butt MA, Reinert HW, Maruani A, Nunes JP, Marklew JS, et al. A
HER?2 selective theranostic agent for surgical resection guidance and photodynamic
therapy. Photochem Photobiol Sci (2016) 15:1227-38. doi: 10.1039/c6pp00139d

31. Framery B, Gutowski M, Dumas K, Evrard A, Muller N, Dubois V, et al.
Toxicity and pharmacokinetic profile of SGM-101, a fluorescent anti-CEA
chimeric antibody for fluorescence imaging of tumors in patients. Toxicol Rep
(2019) 6:409-15. doi: 10.1016/j.toxrep.2019.04.011

32. Tto A, Ito Y, Matsushima S, Tsuchida D, Ogasawara M, Hasegawa J, et al.
New whole-body multimodality imaging of gastric cancer peritoneal metastasis
combining fluorescence imaging with ICG-labeled antibody and MRI in mice.
Gastric Cancer (2014) 17:497-507. doi: 10.1007/s10120-013-0316-0

33. Boonstra MC, Prakash J, Van De Velde CJ, Mesker WE, Kuppen PJ,
Vahrmeijer AL, et al. Stromal targets for fluorescent-guided oncologic surgery.
Front Oncol (2015) 5:254. doi: 10.3389/fonc.2015.00254

34. Harlaar NJ, Koller M, de Jongh SJ, van Leeuwen BL, Hemmer PH, Kruijff S,
et al. Molecular fluorescence-guided surgery of peritoneal carcinomatosis of

Frontiers in Oncology

10

10.3389/fonc.2022.885036

colorectal origin: a single-centre feasibility study. Lancet Gastroenterol Hepatol
(2016) 1:283-90. doi: 10.1016/S2468-1253(16)30082-6

35. Lamberts LE, Koch M, de Jong JS, Adams ALL, Glatz J, Kranendonk MEG,
et al. Tumor-specific uptake of fluorescent bevacizumab-IRDye800CW
microdosing in patients with primary breast cancer: A phase I feasibility study.
Clin Cancer Res (2017) 23:2730-41. doi: 10.1158/1078-0432.CCR-16-0437

36. Olson MT, Ly QP, Mohs AM. Fluorescence guidance in surgical oncology:
Challenges, opportunities, and translation. Mol Imaging Biol (2019) 21:200-18. doi:
10.1007/s11307-018-1239-2

37. Barnard A, Smith DK. Self-assembled multivalency: dynamicligand arrays for high-
affinity binding. Angew Chem Int Ed Engl (2012) 51:6572-81. doi: 10.1002/anie.201200076

38. Ebrahimi F, Hosseinimehr SJ. Homomultimer strategy for improvement of
radiolabeled peptides and antibody fragments in tumor targeting. Curr Med Chem
(2022) 29(29):4923-57. doi: 10.2174/0929867329666220420131836

39. Zhang M, Kobayashi N, Zettlitz KA, Kono EA, Yamashiro JM, Tsai WK,
et al. Near-infrared dye-labeled anti-prostate stem cell antigen minibody enables
real-time fluorescence imaging and targeted surgery in translational mouse models.
Clin Cancer Res (2019) 25:188-200. doi: 10.1158/1078-0432.CCR-18-1382

frontiersin.org


https://doi.org/10.5230/jgc.2021.21.e18
https://doi.org/10.1039/c6pp00139d
https://doi.org/10.1016/j.toxrep.2019.04.011
https://doi.org/10.1007/s10120-013-0316-0
https://doi.org/10.3389/fonc.2015.00254
https://doi.org/10.1016/S2468-1253(16)30082-6
https://doi.org/10.1158/1078-0432.CCR-16-0437
https://doi.org/10.1007/s11307-018-1239-2
https://doi.org/10.1002/anie.201200076
https://doi.org/10.2174/0929867329666220420131836
https://doi.org/10.1158/1078-0432.CCR-18-1382
https://doi.org/10.3389/fonc.2022.885036
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Near-infrared-dye labeled tumor vascular-targeted dimer GEBP11 peptide for image-guided surgery in gastric cancer
	Introduction
	Materials and methods
	Synthesis and fluorescence labeling of (GEBP11)2-ACP and GEBP11
	Cell lines
	In vitro specificity and affinity assay
	Animal tumor xenograft models
	Live imaging and biodistribution assays
	Real-time NIR fluorescence imaging-guided resection and histological analysis
	Statistical analysis

	Results
	Preparation of GEBP11 NIR probes and in vitro binding assays
	In vivo NIR fluorescent imaging in subcutaneous gastric cancer xenograft models and biodistribution assays
	In vivo NIR fluorescence imaging in orthotopic gastric cancer xenograft models
	Intraoperative fluorescence imaging guidance for gastric cancer resection

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


