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Simple Summary

Surgical removal remains essential for the treatment of gastric cancer, yet it is often diffi-
cult to accurately identify tumor boundaries or metastatic lesions during the operation.
Indocyanine green, the current imaging agent, lacks cancer specificity to a cancer-related
protein called carcinoembryonic antigen. By attaching a fluorescent dye to this antibody,
SGM-101 enables surgeons to visually distinguish cancerous tissue from normal tissue in
real time. We confirmed that the signal intensity of SGM-101 correlates with cancer-specific
protein expression, allowing precise visualization of both primary tumors and peritoneal
metastasis. Importantly, this is first study to demonstrate the feasibility and innovation of
applying SGM-101 in gastric cancer, highlighting its potential to develop from preclinical
studies to clinical application. This approach may improve the detection of hidden lesions,
and support personalized surgery. Our findings suggest that SGM-101 has strong potential
for use in fluorescence-guided surgery for patients with gastric cancer.

Abstract

Purpose: Near-infrared fluorescence-guided surgery (FGS) using cancer-specific tracers is
promising for tailored gastric cancer (GC) surgery. Carcinoembryonic antigen (CEA) is a
potential target due to its high expression in various digestive cancers, including GC. Mate-
rials and Methods: SGM-101, a chimeric anti-CEA monoclonal antibody conjugated with
the near-infrared dye BM-104, was evaluated in GC. CEA expression was identified in GC
cell lines at the mRNA and protein levels. Xenograft models (MKN-45, SNU-16, SNU-668,
85As2mLuc) were established in mice and injected with SGM-101 or PBS. Biodistribution
was monitored using in vivo fluorescence imaging. Tumors were further analyzed by
immunofluorescence. In a peritoneal carcinomatosis model, 85As2mLuc cells were injected
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intraperitoneally, and tumors were evaluated by bioluminescence and fluorescence and
histology. Results: MKN-45, SNU-16, and 85As2mLuc were CEA-positive, while SNU-668
was CEA-negative. Flow cytometry confirmed CEA expression: MKN-45 (98%), SNU-16
(85.6%), SNU-668 (6.42%) and 85As2mLuc (78.4%). SGM-101 selectively targeted CEA-
expressing tumors, with fluorescence peaking at 48 h, and immunofluorescence verified
localization in tumor cells. In the peritoneal models, SGM-101 enabled precise detection of
CEA-positive tumors. Conclusions: This study provides the first evidence for the feasibility
of SGM-101 in gastric cancer, demonstrating its novelty and translational potential as a
cancer-specific imaging agent for fluorescence-guided surgery.

Keywords: carcinoembryonic antigen; fluorescence; stomach neoplasms; immunoconjugates;
heterografts; laparoscopy

1. Introduction
Gastric cancer (GC) remains a major global health burden, with over one million

new cases and an estimated 700,000 deaths annually [1–4]. Despite advances in systemic
therapy, curative treatment largely depends on complete surgical resection. However,
visual identification of tumor margins and lymph node metastasis during surgery remains
challenging, often resulting in radical resections that carry risks of complications and
reduced quality of life [5,6].

In early-stage GC, endoscopic resection is preferred for patients without nodal in-
volvement, but advanced tumors require gastrectomy and lymphadenectomy [7–9]. Due
to the complexity of gastric lymphatic drainage, suitable tracers that can guide accurate
lymph node mapping while ensuring oncologic safety are increasingly needed. Near-
infrared (NIR) fluorescence-guided surgery (FGS) has emerged as a promising tool for
tumor detection, offering high sensitivity and moderate tissue penetration [10–17]. Among
currently used tracers, indocyanine green (ICG) is most widely applied; however, its lack
of tumor specificity limits its potential in achieving precise resection [18–23]. In this con-
text, antibody-based imaging agents targeting tumor-associated antigens may enhance
surgical accuracy [24–28].

Carcinoembryonic antigen (CEA), expressed in 34–66% of GCs with minimal expres-
sion in normal gastric tissue, represents a strong candidate for targeting imaging [29–40].
SGM-101 (Surgimab, Montpellier, France) is a chimeric monoclonal antibody conjugated
to an NIR dye, which has shown cancer-specific imaging in colorectal and pancreatic
cancers [24–26,28,41–44]. However, its use in GC has not been fully characterized. In
this study, we demonstrated for the first time the feasibility and innovation of applying
SGM-101 in GC. SGM-101 bound specifically to GC cell lines in vitro and enabled real-time
detection in two in vivo models. Notably, the peritoneal model revealed reliable CEA detec-
tion even at small tumor burdens, highlighting the novelty of this study and supporting the
SGM-101 to visualize disseminated tumors. These results support the potential of SGM-101
as a promising tool for fluorescence-guided surgery in GC patients in the future.

2. Materials and Methods
2.1. Preparation of Fluorescent Dye-Labeled Anti-CEA Antibody; SGM-101 and
Isotype Control-101

A chimeric monoclonal antibody, SGM-101, was synthesized by conjugating the anti-
CEA monoclonal antibody SGM-ch511 with the near-infrared fluorescent dye BM-105. The
conjugation was achieved via an activated ester of BM-105 reacting with amino groups
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(-NH2) of the antibody, and the synthesis process and characterization of SGM-101 have
been previously described [45]. (Figure 1A) A polyclonal immunoglobulin (IgG) isotype
control from BioXcell (BioXcell, Lebanon, NH, USA) conjugated with BM-105 was used
as a control group and named ‘Isotype Control-101′. The dye-to-antibody molar ratio
was consistently maintained at approximately 1–2 [45], calculated using the molarities of
the antibody and dye determined from optical density (OD) readings. Absorbance was
measured at 280 nm and 685 nm using a spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). For the FACS, the anti-CEA mAb (Santa Cruz Biotechnology, Dallas,
TX, USA) conjugated with Alexa Fluor-680 (Thermo Fisher Scientific, Waltham, MA, USA),
named ‘SC-680′, was used as a positive control to detect CEA-positive cells.

 

Figure 1. Preparation of SGM-101, cell lines, and animal models for fluorescence imaging. Study
scheme: in vitro, in vivo, and ex vivo experiments were conducted. (A) Preparation of SGM-101.
(B) Three cell lines were implanted into the subcutaneous layer of the right flank of BALB/c-nu
mice. Fluorescence imaging was obtained using the In Vivo Imaging System at multiple time points
after systemic administration of SGM-101. In the peritoneal seeding model with the 85As2mLuc cell
line, mice were autopsied 48 h after injection of SGM-101, and the fluorescence imaging results of
suspected nodules were compared with bioluminescence imaging and pathological confirmation.

2.2. Cell Culture

The MKN-45 (American Type Culture Collection, Manassas, VA, USA), SNU-16, and
SNU-668 cell lines (Korean Cell Line Bank, Seoul, Republic of Korea) were selected for
subcutaneous models as representative gastric cancer cell lines with different levels of
CEA RNA expression (positive and negative). A genetically modified gastric cancer cell
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line 85As2mLuc, which expresses CEA and emits bioluminescence upon administration
of D-luciferin, was generously provided by Prof. Yanagihara K at the National Cancer
Center in Japan for establishing the peritoneal seeding model [46]. All cell lines were
cultured in RPMI1640 (Welgene, Gyeongsan, Republic of Korea), supplemented with 10%
(v/v) fetal bovine serum (Gibco, Thermofisher Scientific, Waltham, MA, USA) and 1%
penicillin/streptomycin (Gibco, Thermofisher Scientific, MA, USA). They were incubated
at 37 ◦C in a 5% CO2 humidified environment.

2.3. Western Blotting

Protein lysates were obtained with a mixture of RIPA buffer and phosphatase and pro-
tease inhibitor cocktails (Thermofisher Scientific, MA, USA), and the protein concentration
was measured by BCA assay (Thermofisher Scientific, MA, USA). The lysates containing
protein were separated by SDS-PAGE (Thermofisher Scientific, MA, USA). The membrane
was probed with primary antibodies against GAPDH (Abcam, Cambridge, Cambs, UK)
and CEA (Santa Cruz Biotechnology, Dallas, TX, USA) with HRP-conjugated secondary
antibodies: mouse IgG (Cell Signaling Technology, Danvers, MA, USA) and rabbit IgG (Cell
Signaling Technology, Danvers, MA, USA). This was visualized with Enhanced Chemilumi-
nescent Horseradish Peroxidase substrate (Thermofisher Scientific, MA, USA) and imaged
by ChemiDoc (Bio-Rad, Hercules, CA, USA).

2.4. Flow Cytometry

A total of 1 × 106 cells were collected into a test tube and centrifuged at 3000 rpm
for 5 min at 4 ◦C. The cells were incubated for 30 min with 10% (v/v) fetal bovine serum
(Thermo Fisher Scientific, MA, USA) to minimize non-specific binding. Subsequently, they
were treated with a primary antibody conjugated to a fluorescent dye, SGM-101, Isotype
Control-101, SC-680, as well as the fluorescent dye BM-105 for 1 h at 4 ◦C. Propidium
Iodide (Thermofisher Scientific, MA, USA) was added to each test tube for the live and
dead cell sorting. FACS Canto II (BD Bioscience, San Jose, CA, USA) was for fluorescence
signal analysis. The data were analyzed and visualized using FlowJo (BD Bioscience,
San Jose, CA, USA).

2.5. Immunocytochemistry

1 × 105 cells were seeded onto poly-L-lysine (Sigma-Aldrich, St. Louis, MO,
USA) coated coverslips in a 6-well dish. At 80% confluency, they were fixed with 4%
paraformaldehyde solution (Thermofisher Scientific, MA, USA) and incubated overnight at
4 ◦C with both SGM-101 and Isotype-101 conjugates. Fluorescence detection of CEA was
performed using STELLARIS (Leica Microsystems, Wetzlar, HE, Germany), and quantifi-
cation was performed by measuring the signal intensity of fluorescence in five randomly
acquired images using the LAS X program (Leica Microsystems, Wetzlar, HE, Germany).
DAPI intensity was used for normalization.

2.6. Mouse Modeling

Subcutaneous xenograft models were established by injecting 1 × 107 cells from each
cell line (MKN-45, SNU-16, and SNU-668) into the right flank of 6-week-old female BALB/c-
nu mice. Tumor growth was monitored twice weekly by measuring tumor size with
caliper, and the volume was calculated with the formula: 1/2 × length × width2 (mm3).
For the peritoneal seeding model, 2 × 106 cells from the 85As2mLuc cell line, which
emit bioluminescence light due to luciferase activity, were intraperitoneally injected into
6-week-old female BALB/c-nu mice. The tumor growth in the peritoneal cavity was
measured using an IVIS Spectrum System (Perkin Elmer, Waltham, MA, USA) based on
bioluminescence activity.
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2.7. Fluorescence Tumor Detection Imaging

SGM-101 was administered intravenously to mice via the tail vein at a dosage of
2.5 mg/kg. Fluorescence imaging was performed using an IVIS Spectrum with excitation at
680 nm and emission at the peak wavelength of 720 nm. The fluorescence signal intensity of
Region of Interest (ROI) was quantified by the radiant efficiency ([p/s/cm2/sr]/[µW/cm2])
using Living Image software 2.50.1 (Perkin Elmer, Waltham, MA, USA) (Figure 1B). For
the subcutaneous model, imaging was conducted at 6, 12, 24, 48, and 72 h after injection to
understand the biodistribution for 5 mice. A total of 2 mice for each cell line were autopsied
at 48 h after injection, and the tumor and internal organs were imaged for their fluorescence
signal. For the peritoneal seeding model, establishment of peritoneal seeding nodules was
checked by luminescence imaging using IVIS system 10 min after intraperitoneally injected
D-luciferin (Promega, Madison, WI, USA). After laparotomy, visually suspected seeding
nodules were collected and imaged by fluorescence and luminescence imaging, and then
evaluated histologically, such as H&E.

2.8. Histologic Evaluation

For the ex vivo Fluorescence Imaging, the dissected tissues were mounted in OCT
embedding compounds (Sakura Finetek, Torrance, CA, USA) and frozen at −80 ◦C. Cryosec-
tions were conducted in 4 µm-thick tissue and mounted with DAPI. These were imaged
with STELLARIS to scan whole-size samples to see the micro-distribution. For the Immuno-
histochemistry, primary tumors, which were excised from mice, were fixed in 10% neutral
buffered formalin solution (Sigma-Aldrich, St. Louis, MO, USA) and consecutively paraffin-
embedded. For histological analysis, the formalin-fixed paraffin-embedded (FFPE) tissues
were sectioned at a thickness of about 4 µm, stained with hematoxylin and eosin (H&E)
using Image Scope (Aperio, Leica Biosystems, Vista, CA, USA). Immunohistochemistry
(IHC) staining of 4 µm slides was performed using CEA antibody (Abcam, Cambridge,
Cambs, UK). The staining was performed with Bond-Max immunostainner, and bond
polymer refine detection kit (Leica Microsystems, Wetzlar, HE, Germany) according to the
manufacturer’s instructions.

2.9. Statistical Analysis

Wilcoxon signed-rank test and Mann–Whitney test were performed using GraphPad
PRISM version 9.0 (GraphPad Software Inc., Boston, MA, USA) for non-parametric data. All
parametric data were presented as means ± standard deviation (SD). Statistical significance
in biodistribution was defined as Kruskal–Wallis one-way analysis of variance.

3. Results
3.1. Different CEA Fluorescence Detection by SGM-101 at the Cell Surface of Each GC Cell Line

The Western blot results show that CEA expression levels in MKN-45 and SNU-16, ex-
cept in SNU-668. CEA expression was also observed in the 85As2mLuc cell line (Figure 2A).
The binding levels of SGM-101 to the CEA and the relative fluorescence intensity in each
cell line were confirmed by FACS analysis. In each case, the results were normalized to the
binding of an isotype control labeled with the relevant dye, BM-105 and Isotype Control-
101. The fluorescence level of each cell line indicated the specificity of SGM-101 for CEA
(Figure 2B,C). The confocal microscopy results also demonstrated that SGM-101 detects
CEA on the surface of each cell line with binding specificities. The fluorescence intensity
of SGM-101, which was normalized with DAPI intensity and cell numbers, showed CEA
expression-dependent manners. In contrast, the use of isotype control images showed no
detectable CEA, which is consistent with previous findings (Figure 2D).
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Figure 2. CEA expression and detection pattern in gastric cancer cell lines. (A) Western blotting
analysis of Carcinoembryonic Antigen protein expression in cell lines. (B) Flow cytometry analysis
demonstrated Carcinoembryonic Antigen-dependent binding of SGM-101 to each cell line, while
isotype control conjugated with BM-105 showed minimal binding, similar to unstained control.
(C) The positivity rate of Carcinoembryonic Antigen varied across different cell lines. MKN45
exhibited the highest positivity rate at 98.6%, followed by SNU16 at 85.6%, 85As2mLuc at 78.4%,
and SNU-668 with the lowest rate at 6.42%. These rates correlate with Carcinoembryonic Antigen
expression levels, as confirmed by Western blot analysis. (D) Confocal microscopy images confirmed
the attachment of SGM-101 to the Carcinoembryonic Antigen molecule on the surface of the cell
lines. In contrast, the isotype control did not show attachment of Carcinoembryonic Antigen. The
uncropped blots are shown in Figure S2.

3.2. SGM-101 Detection in Subcutaneous Gastric Tumors According to Their CEA Expression and
in a Time-Dependent Manner

We conducted in vivo imaging using a mouse xenograft model with gastric cancer
cell lines exhibiting different levels of CEA expression. The cell lines were subcutaneously
injected into mice, and fluorescent images were captured using SGM-101 and isotype IgG.
(SGM-101 and isotype IgG were administered to five mice and two mice, respectively.)
After injecting SGM-101 and isotype IgG via the tail vein, imaging was performed at
6, 12, 24, 48, and 72 h. The fluorescence intensity was correlated with CEA expression.
Based on saturated intensity, CEA-positive (MKN-45) mice showed detection rates of
20% at 6 h, 40% at 12 h, 80% at 24 h, 100% at 48 h, and 60% at 72 h (p = 0.004). CEA-
positive (SNU-16) mice had detection rates of 0% at 6 h, 40% at 12 h, and 20% from
24 to 72 h (p = 0.0011), while CEA-negative (SNU-668) mice had a 0% detection rate from
6 to 72 h (p = 0.0003) (Figure 3A). Tumor samples obtained after imaging were analyzed
for CEA protein expression using IHC (Figure 3B). Additionally, IF imaging using FFPE
slides showed that CEA expression was similarly proportional to fluorescence intensity
(Figure 3B,C). When we magnified the slide results for the MKN45 cell line, we observed
strong positivity around the stained nuclei, indicating that CEA is a surface glycoprotein
and that SGM-101 effectively targets CEA (Figure 3C). Therefore, based on the data, we
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confirmed that SGM-101 is an effective probe for targeting gastric cancer cells with high
CEA expression. Moreover, the highest detection rate observed at 48 h after intravenous
administration of SGM-101 suggests that this antibody mimetic has the potential to more
accurately target CEA protein after sufficient circulation within the body.

 

Figure 3. Subcutaneous xenograft model imaging: (A) Imaging at various time points was performed
after intravenous injection of SGM-101 (experimental group) and phosphate-buffered saline (control)
into the tail veins of mice (n = 5, n = 2, respectively). The imaging results were categorized into
three groups based on Carcinoembryonic Antigen positivity. The Carcinoembryonic Antigen-positive
group showed the best detection rates at 48 h post SGM-101 injection, while negative group exhibited
a 0% detection rate at all time points. The arrows indicate the location of the tumor. (B) Following
in vivo imaging system imaging, the tumors were excised and analyzed ex vivo for Carcinoembryonic
Antigen expression using Immunohistochemistry. The results showed a direct correlation between tu-
mor Carcinoembryonic Antigen expression and Carcinoembryonic Antigen positivity, demonstrating
that SGM-101 effectively targets Carcinoembryonic Antigen-positive cancer cells. A section of the ex
vivo tumor tissue was cryosectioned to assess microdistribution. The analysis revealed a correlation
between Carcinoembryonic Antigen expression and SGM-101 intensity. (C) In the MKN45 cells,
which showed the highest Carcinoembryonic Antigen expression, a strong SGM-101 fluorescence
signal was detected on the cell surface when viewed under magnification.
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The biodistribution of SGM-101 was analyzed in subcutaneous (SC) models from the
high-CEA expressing cell line, MKN45. The highest signal intensity was observed 48 h after
SGM-101 i.v. injection among the time points tested (0, 6, 12, 24, 48, and 72 h) (Figure 4A).
CEA-specific fluorescent imaging in the three cell lines showed that the tumor fluorescence
signal appeared in MKN-45 and SNU-16 in a CEA expression-dependent manner at 48 h
after SGM-101 administration. In contrast, the fluorescent signal was barely detectable in
SNU-668, where CEA expression was low. We also performed in vivo fluorescence imaging
of representative mice for the three cell lines 48 h after the administration of SGM-101,
followed by ex vivo fluorescence imaging after necropsy (Figure 4B). The intratumoral
fluorescence brightness observed in both the in vivo imaging and the necropsy correlated
with the CEA expression level in tumor tissue, as observed through immunofluorescence
imaging and IHC. Additionally, 48 h after administration, residual fluorescence signals of
SGM-101 were barely detectable in other organs, including the liver, spleen, and kidneys
(Figures 4B and S1). The text continues here (Figure 2).

Figure 4. Biodistribution of SGM-101 in subcutaneous xenograft model: (A) Images of mice at 6, 12,
24, 48, 72 h after injection with SGM-101. It shows that distribution of SGM-101 in gastric cancer
xenografts. A total of 48 h is the highest accumulation in cancer area. (B) Images of mice, organ ex
vivo, tumor tissue ex vivo at 48 h after injection with SGM-101. With images of mice, fluorescence
signals and Carcinoembryonic Antigen expression show relationship to each other. With ex vivo
images of organ, SGM-101 has high specificity for cancer. With ex vivo images of tumor, SGM-101 is
attached to cell membranes.
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3.3. The Bioluminescence and Fluorescence Tumor Imaging in Peritoneal Seeding Model

Mice with an established peritoneal seeding model, induced by injection of the
85As2mLuc cell line into the peritoneal cavity, were intravenously administered SGM-
101. After 48 h, D-luciferin was additionally injected into the peritoneal cavity, followed
by autopsy and laparotomy. Nodules suspected of peritoneal seeding by visual inspection
were harvested, and the fluorescent signal of CEA induced by SGM-101 was compared with
the bioluminescent signal generated by the cell lines themselves through their luciferase
activity (Figure 5A–C).

 

Figure 5. Ex vivo tumor fluorescence and bioluminescence imaging and histological evaluation in
peritoneal seeding model. (A) The fluorescence signal generated by SGM-101 and the bioluminescence
signal from the 85As2mLuc cell correlated well with each other in in vivo imaging. In the suspected
seeding nodules, (B) Fluorescence signal, (C) the bioluminescence signal, and (D) histopathological
evaluation are well correlated with each other.

The brightness of the fluorescence observed in both in vivo imaging and autopsy
correlated with the level of CEA expression in the tumor tissue, as confirmed by im-
munofluorescence imaging and IHC. At 48 h after injection, significant fluorescence signals
from SGM-101 were nearly undetectable in non-tumor tissues, including the liver, spleen,
and kidneys. Several peritoneal nodules that were visually suspected to be metastatic
seeding did not exhibit fluorescence signals when examined with SGM-101. Upon further
pathological examination, the nodules initially thought to represent peritoneal seeding,
including those labeled as 5 (pancreas and lymph node), 10 (liver and intestinal wall),
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and 12 (pancreas), were confirmed to be normal tissues without any evidence of malig-
nancy. Among the 12 nodules examined, 9 were confirmed as gastric cancer tissues, while
3 showed no cancerous cells. Importantly, no dysplastic or hyperplastic changes were
identified in these nodules (Figure 5D).

The presence and intensity of fluorescent signals were correlated with those of biolu-
minescent signals, and were consistent with the presence of gastric cancer confirmed by a
pathologist using H&E staining.

4. Discussion
ICG-based near-infrared fluorescence imaging is recognized as a promising technique

with the potential to guide both sentinel node navigation and standard lymph node dis-
section, leading to increased research and clinical implementation. However, the use of
ICG has limitations, as it can rapidly and extensively spread and there may be differences
in the speed and range of diffusion among individual patients, thereby hindering the full
realization of patient-tailored surgery [10,20,21,47,48]. The development of cancer-specific
tracers is expected to overcome or substitute for the limitations of ICG. Moreover, it could
facilitate the visualization of cancer margins that ICG cannot detect, and enable prompt
evaluation of peritoneal seeding, which is often visually challenging and has important
clinical significance in GC. Additionally, the development of tumor-specific probes could
be extended to confirm drug sensitivity in PDX models as well as allow for the assessment
of surgical feasibility through imaging before surgery. Intraoperative frozen biopsy to
assess the presence of cancer cells in the resection margin or suspected seeding nodules
may not be available at some hospitals, and even where it is available, it could lead to a
significant surgical delay of at least 30 min. Fluorescence imaging with cancer-specific
tracers is expected to reduce such delays. The selection of a suitable target is a critical
and challenging aspect of developing cancer-specific tracers. In order to expand their
application from imaging to theranostics with treatment efficacy, it may be preferable to
select therapeutic targets [49–52]. However, finding a target that is universally expressed
in cancer cells is difficult. Even HER2, which is one of the most commonly expressed
therapeutic targets for gastric cancer, is expressed in less than 20% of cases. On the other
hand, while the usefulness of CEA as a therapeutic target has not been established, it is
known to be expressed in various gastrointestinal malignancies and is recognized as one of
the most promising candidates for fluorescence imaging [43,53]. The expression of CEA is
known to be more than 90% in cases of colorectal cancer [54,55], whereas its expression in
gastric cancer is not less defined. CEA is reported to be expressed in over 30% of cases [29],
but at a lower frequency compared to colorectal cancer. However, a study by Jang et al.
reported that 66.1% of gastric cancer cases were CEACAM5-positive [29], indicating that
CEA may be expressed in a significant number of cases of gastric cancer as well.

The SGM-101 utilized in this experiment is an IgG monoclonal antibody that targets
CEA and is conjugated with the fluorescent dye BM-105 [45]. Its physical characteristics
have been described previously [26]. The conjugate exhibits high stability in human plasma,
with no significant release of BM-104 dye from the antibody under physiological conditions.
Pharmacokinetic analyses in rodent and canine models revealed a biphasic elimination
profile typical of IgG1 antibodies, with dose-proportional plasma exposure and no evidence
of unexpected accumulation. Toxicology studies also showed a favorable safety profile,
with no observable adverse effect levels (NOAEL) of 40 mg/kg in rats and 5 mg/kg in
dogs, corresponding to a more than ten-fold safety margin compared with the anticipated
clinical dose. In addition, animal studies have shown its cancer-specificity in colon and
pancreatic cancer [26,41], and multi-institutional clinical trials demonstrated its potential
clinical utility in human surgery [24,25,44,53]. Consistent with these findings, our study



Cancers 2025, 17, 2937 11 of 16

using a gastric cancer xenograft model demonstrated the feasibility of applying SGM-101
for cancer-specific intraoperative imaging in gastric cancer.

SGM-101 demonstrated specific binding to CEA in the gastric cancer xenograft model,
exhibiting a selective fluorescence signal that depended on the level of CEA expression.
Consistent with previous preclinical studies, the highest signal intensity was detected 48 h
post-injection of SGM-101 (Figure 3A). This duration corresponds to the pharmacokinetic
properties of tracers based on IgG, which typically have relatively large molecular weights.
Theoretically, smaller molecules such as Fab or affibody that penetrate tissue targets more
quickly and exhibit rapid clearance from non-target tissues may provide advantages for
clinical applications. However, developing small molecules that maintain high affinity
while being optimized for the surgical time window presents a significant challenge. Often,
achieving optimal efficacy requires larger injection volumes or modifications to extend the
circulation time due to rapid clearance before reaching the target. Specifically, we observed
a discrepancy between the IVIS imaging and IHC results after intravenously injecting
SGM-101 into a tumor mouse model with low CEA expression. In particular, while the IVIS
showed some intensity in the tumor area, the IHC results were completely negative. This
discrepancy could be attributed to several factors.

First, it is important to note that the IHC used a commercially available antibody
specific to CEA, whereas IVIS imaging utilized our newly developed probe, which may
have different affinities for the protein. Second, autofluorescence signals from collagen-rich
or calcified structures can be observed under 700 nm near-infrared (NIR) light, potentially
contributing to weak background fluorescence in IVIS imaging [56–58]. Additionally, while
the probe was administered via the bloodstream, it may not have accumulated sufficiently
within the tumor to generate a strong IVIS signal. In contrast, the minimal CEA expression
in the tumor tissue could have resulted in a negative IHC result, highlighting a potential
discrepancy between the two detection methods. Third, IVIS imaging is highly sensitive
and capable of detecting weak fluorescence signals, including residual probe fluorescence
in the bloodstream or surrounding tissues. This residual signal may falsely appear to
originate from the tumor, even in the absence of significant probe accumulation within the
tumor itself.

Although SGM-101 generally demonstrates high specificity, low levels of nonspecific
binding or background fluorescence could contribute to the weak signals observed in IVIS
but not in IHC.

Nonetheless, the 48 h preoperative interval required for IgG-based tracers is not
considered a significant clinical limitation.

SGM-101 was also evaluated in a peritoneal seeding model to explore its potential for
rapid intraoperative detection of malignant nodules, which is a highly demanded medical
need. In this model, luminescent cell lines (85As2mLuc) were employed to non-invasively
confirm the establishment and growth of cancer cells in the peritoneal cavity, making them
ready for fluorescence imaging. Luminescence imaging was conducted using a wavelength
of approximately 560 nm, which did not interfere with the fluorescence signal of SGM-101
at 720 nm. The fluorescent signal of SGM-101 exhibited a strong correlation, both in location
and intensity, with the luminescence signal of the cancer cells themselves as well as with
the histological evaluation result.

The expression of CEACAM5 plays a critical role in both gastric adenoma and early
gastric cancer, with a positivity rate of approximately 34–66% in early-stage gastric adeno-
carcinomas [29,30,36,59], suggesting its potential utility for early diagnosis. These findings
underscore the importance of adopting multimodal diagnostic strategies, including the
integration of imaging techniques, to enhance detection accuracy and reduce the likelihood
of false-positive/negative results during endoscopic examinations. Nonetheless, CEA ex-
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pression in gastric cancer is heterogeneous, varying across tumor subtypes, disease stages,
and even within individual tumors [60–62]. Such heterogeneity may limit the reliability
of CEA as a gastric cancer-specific marker and influence the sensitivity and specificity of
CEA-targeted approaches. However, given the absence of a single definitive biomarker
for gastric cancer, continued investigation of CEA-targeted strategies remains meaningful,
with the hope of achieving successful clinical application.

This study has some limitations. First, the CEA expression levels in the cell lines used
in the experiments were either high in two cases or almost absent in one case, since an
intermediate CEA expression cell line could not be selected despite screening 37 cell lines.
CEA expression in gastric cancer cell lines tends to be either high or almost absent. The
CEA expression level that can produce clinically detectable fluorescence intensity needs to
be validated through various cases in clinical trials. However, clinical results obtained in
colorectal and pancreatic cancers make us confident in this approach [24,25,44,53].

The second limitation of this study is related to the imaging equipment used, the IVIS
system, which was not a laparoscopy designed for human use. In Korea, all currently
available near-infrared fluorescence laparoscopic systems are optimized for wavelengths
around 820 nm for ICG, and equipment is not yet available. Although it remains to be
confirmed whether the brightness observed on the IVIS system can be reproduced on a
laparoscopic system, our previous study targeting HER2 detected a brightness equivalent
to that observed in IVIS imaging using a laparoscopic system for 820 nm [11]. With the
rapid advancements in fluorescence laparoscopic technology, it is anticipated that sensitive
laparoscopic systems capable of displaying bright signals at 705 nm will become available
soon. If a laparoscopic system that can detect both wavelengths becomes available, it may
lead to the development of an efficient surgical approach that uses ICG at 820 nm to track
the pathway of cancer cells and SGM-101 at 705 nm to confirm the presence of cancer in
potential lesions.

The third limitation of this study is the lack of long-term evaluation of the biocompati-
bility of SGM-101. Although previous studies have demonstrated the safety of SGM-101,
its biosafety may vary depending on the cancer type, injection dose, and method of admin-
istration. Therefore, further investigations will be necessary to clarify whether SGM-101
induces any potential effects in vivo.

In conclusion, SGM-101, a monoclonal antibody specific to CEA and emitting flu-
orescence at 705 nm, demonstrated binding and quantitative correlation with different
levels of CEA expression in gastric cancer cell lines. In the subcutaneous xenograft model,
the maximum fluorescent signal was observed 24–48 h after injection, and the signal
intensity correlated with CEA expression. In the peritoneal seeding model, SGM-101 out-
performed visual inspection in determining the presence of cancer cells within suspected
nodules. These results underscore the robustness and translational potential of SGM-101
as a fluorescence-guided surgical probe. Looking forward, validation in clinical gastric
cancer samples and assessment of its applicability across laparoscopic wavelengths will be
crucial. Nevertheless, our findings strongly support the promise of SGM-101 as a powerful
tool for cancer-specific near-infrared fluorescence intraoperative imaging and navigation in
laparoscopic gastric cancer surgery.

5. Conclusions
This study demonstrates that SGM-101, a CEA-targeted fluorescent antibody, enables

cancer-specific near-infrared imaging in gastric cancer models. Its signal intensity correlates
with CEA expression and allows clear visualization of tumors and peritoneal lesions within
a clinically applicable time frame. These findings suggest that SGM-101 may enhance
surgical precision and help overcome the limitations of current non-specific tracers.
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Further clinical validation is warranted to assess its effectiveness across diverse gastric
cancer cases and its compatibility with laparoscopic systems.
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