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Abstract

Gastrointestinal stromal tumors are rare mesenchymal tumors for which complete surgical resection is the only curative treatment, but intraoperative 
discrimination between tumor and healthy tissue remains chal-lenging. This study aimed to identify molecular biomarkers suitable for fluorescence image-guided 
surgery in gastrointestinal stromal tumors beyond KIT and DOG1. Biomarker candidates were identified through integrated database mining (Euretos, Open 
Targets, and clinical trial registries). Candidate selection was refined based on overlap across datasets and membrane localization, resulting in selection of 
CD243 (ABCB1), PDE3A, PIK3CG, DDR2, and TEM1. Immunohistochemistry was performed on 23 patient-derived tumor samples with matched adjacent tissue, 
and tumor-to-normal ratios and expression patterns were analyzed. CD243 and PDE3A showed the most favorable tumor-to-normal ratios across multiple tissue 
types, while PIK3CG demonstrated intermedi-ate expression. TEM1 and DDR2 showed more variable expression and lower overall scoring. A composite scor-
ing system integrating expression patterns and tumor specificity identified CD243 and PDE3A as leading candi-dates. These results suggest that CD243 and 
PDE3A are promising targets for further development of fluores-cence-guided surgery in gastrointestinal stromal tumors, warranting validation in preclinical 
imaging models and clinical translation studies.

Simple Summary

Gastrointestinal stromal tumors are rare cancers of the digestive tract that are usually treated with surgery. However, it is often difficult for surgeons to 
clearly distinguish tumor tissue from healthy tissue during an operation, due to minimal tactile feedback and intraluminal tumor depositions. Especially in patients 
with metastasized disease which can lead to incomplete removal or unnecessary removal of normal tissue. Fluo-rescence-guided surgery, in which tumor-
targeting molecules are linked to a fluorescent signal, may improve tumor visibility during surgery. In this study, we searched multiple biological databases 
and combined the re-sults with protein data from tumor tissues to identify potential molecular targets in gastrointestinal stromal tumors. We then validated 
several candidate targets in patient tumor samples using laboratory staining techniques. We identified several proteins that are highly expressed in tumor 
tissue compared to normal tissue, with some showing favorable characteristics for imaging applications. These findings may help develop new imaging tools to 
improve the precision of surgery for patients with gastrointestinal stromal tumors.

INTRODUCTION

Gastrointestinal stromal tumors (GIST) are malignant 
mesenchymal tumors of the gastrointestinal tract that 
account for less than 1% of all gastrointestinal cancers. The 
incidence of approximately 1-1,5 per 100.000 worldwide, 
makes GIST a rare type of cancer [1-3]. GISTs can occur 
anywhere along the gastroin-testinal tract but arise mostly 
in in the stomach (50-60%) or the small intestines (30-

35%) [4]. Surgical re-section is the only curative treatment 
option in GISTs [3]. However, the recurrence rate of GIST 
is high, with more than 50% chance of developing local 
recurrence and/or metastatic disease within 2-5 years 
without adjuvant treatment [5,6]. The five-year survival 
rate varies from 53%-93%, depending largely on whether 
disease is localized or advanced at diagnosis [7].

Currently, surgery is the only curative treatment for 
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GIST [3]. Preoperative imaging such as x-ray, CT or MRI, 
intraoperative palpation and visual inspection are used 
to identify tumor tissue that is to be resected. However, 
these methods are not always sufficient for discrimination 
between malignant and healthy tissue leading to irradical 
resections or unnecessary removal of healthy tissue 
[8]. Fluorescence Image-Guided Surgery (F-IGS) has the 
potential to improve tumor identification and cancer 
surgery out-comes as it aids in tumor visibility. With F-IGS, 
a fluorescent label is conjugated to a tumor specific agent. 
In the body, the tumor specific agent binds to a biomarker 
that is highly expressed on membrane of malignant cells 
and is less or absent on the membrane of non-malignant 
cells. The fluorescent label emits light in the near-infrared 
fluorescent (NIRF) spectrum (wavelength between 700 
and 900 nm). It has the advantage that it is invisible to the 
human eye, thus does not alter the conventional surgical 
field but can be picked up by special camera for direct visual 
feedback of the tumor during surgery [8]. Furthermore, 
it can penetrate tissue to a depth up to 10 mm making 
underlying structures visible. In general, the amount of 
clinical trials using biomarker-targeted fluorescent agents 
is increasing. In non-GIST malignancies the use of F-IGS 
shows to improve the detection of peritoneal lesions and 
was associated with improved survival [9]. However, for 
primary type tumors and detection of surgical margins 
and intraoperative staging more research is preferable [9]. 
Therefore, the potential of F-GIS in GIST is to be explored.

Approximately 95% of GISTs express KIT (CD117) 
and/or DOG1 [3]. Successful in vivo fluorescence imaging 
of GIST has been demonstrated using anti-KIT antibodies 
in mouse models [10]. However, several studies pointed 
out that tumors lose KIT expression after treatment with 
imatinib, a tyrosine kinases in-hibitor which is often used 
as (neo)adjuvant therapy in GISTs [11]. For DOG1 no 
clinical antibody is cur-rently available. Making them both 
potentially less reliable and feasible as a target for F-IGS. 

The objective of this preclinical study is to identify 
suitable molecular biomarkers suitable for tumor-targeted 
imaging in GIST besides KIT and DOG1 and to examine the 
suitability of the identified potential biomarkers. 

MATERIALS AND METHODS

Database Search

Euretos: Euretos is an AI platform which searches 
multiple databases. The search string used on the platform 
was ‘Gastrointestinal stromal tumors’. To only include 
proteins of genes which were expressed at the outer 
surface of the cell (essential for IGS), the search was 
narrowed down using the parameters: ‘related genes to 

gastrointestinal stromal tumors’, gene location: plasma 
membrane, references: all, min-imal number of references: 
5, taxonomy: human.

Open Targets: Open Targets is a platform for therapeutic 
target identification (https://www.opentargets.org/). The 
search string used on the platform was ‘Gastrointestinal 
stromal tumor’. Selected data type filters were: ‘genetic 
associations, ‘somatic mutations’, ‘drugs’, ‘pathways & 
system biology’ and ‘animal models’. The selected target 
classes were: ‘enzyme’, ‘membrane receptor’, ‘structural 
protein’, ‘surface antigen’ and ‘unclassified protein’, to 
provide us with a list of target which were supposed to 
expressed at the plasma membrane of GISTs.

Clinical Trials: Data from ClinicalTrials.gov and the 
EU Clinical Trial Register were searched for clinical trials 
which used monoclonal antibodies in patients with GISTs. 
The EU Clinical Trials Register (www.clinicaltrialsregister.
eu/) and clinical trials.gov (clinicaltrials.gov/) databases 
were searched with the keywords ‘gastrointestinal stromal 
tumor’ and ‘GIST’. Data from clinical trials were included to 
in-clude tumor biomarkers which were currently tested in 
a clinical setting.

Proteomics: An important aspect of tumor-targeted 
imaging is that the protein has to be upregulated in 
tumor tissue relative to adjacent non-tumor tissue. To 
assess which genes were upregulated in comparison to 
the surrounding tissue around the GIST, an article which 
describes the proteomic map around GIST was used. In this 
study, a quantitively analysis of the proteomics between 
tumor tissue (T) and adjacent non-tumor tissue (N) was 
performed (Appendix 1).

Patient and Tissue Selection

A total of 23 formalin-fixed, paraffin-embedded (FFPE) 
tissue samples containing GIST tumor with adjacent tissue 
from patients who underwent surgical resection in the 
Leiden University Medical Centre (LUMC) were collected 
from the Department of Pathology and the BWD Biobank. 
The tissue samples were sliced and stained using CD243 
rabbit monoclonal antibody (ab170904) in 1:600, PDE3A 
rabbit polyclo-nal antibody (ab244337) in 1:400, PIK3CG 
mouse monoclonal antibody (ab140307) in 1:150, DDR2 
mouse monoclonal antibody (ab63337) in 1:250 and 
TEM1 rabbit monoclonal antibody (ab204914) in 1:4000, 
all from Abcam. For antigen retrieval HRP-labeled anti-
mouse (K4001) and HRP-labeled anti-rabbit (K4003) from 
DAKO was used. (Appendix 2)(Supplementary Table 1 
and Supplementary Table 2).

Evaluation of Immunohistochemical Staining

Expression of the potential biomarkers was scored 

https://www.jscimedcentral.com/public/assets/supplementary/1788938873_9674a179b9f188d7fc6d.docx
https://www.jscimedcentral.com/public/assets/supplementary/1788938873_9674a179b9f188d7fc6d.docx
https://www.jscimedcentral.com/public/assets/supplementary/1788938873_9674a179b9f188d7fc6d.docx
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Search and Selection of Biomarkers: The biomarker 
search for GIST identified 139 candidates via Euretos, 179 
via Open Targets, and 47 from clinical trial databases. To 
assess tumor-specific upregulation, these datasets were 
integrated with a quantitative proteomics study by Liu et 
al., who profiled 9,177 proteins in 13 GIST patients and 
defined upregulation as a tumor-to-normal ratio >1.0 [12]. 
This resulted in 517 proteins consistently upregulated 
in GIST, forming the core proteomic dataset for further 
analysis.

We hypothesized that biomarkers appearing in 
multiple databases would have higher validity. KIT, a 
known diagnostic marker for GIST, was identified across 
all datasets, supporting the approach, whereas DOG1 
was not consistently detected. Proteins present in the 
proteomic dataset and at least one additional source were 
further filtered for extracellular localization using the 
Human Protein Atlas.

Based on this integrated approach, CD243 (ABCB1), 
PDE3A, PIK3CG, and DDR2 were selected as primary 
candidates. TEM1 was additionally included based on prior 
evidence from a systematic review in soft tissue sarcomas 
by the Leiden image-guided surgery group (Figure 1).

Selected Biomarkers: CD243 (P-glycoprotein/
MDR1) is an ATP-dependent efflux transporter implicated 
in chemotherapy resistance and expressed in 68–86% 
of GISTs [13]. Its high expression and feasibility for 
fluorescence imaging support its potential as an image-
guided surgery target [14].

independently by two observers of which a final 
agreement of score was determined. Kappa statistics 
were used to calculate agreement scores between the 
two observers. The intensity and proportion of the 
membranous expression of the tumor, muscle, mucosa, 
connective tissue and blood vessels were scored, based 
on a semi-quantitative assessment. The proportion 
score (PS) represents the amount of positively stained 
cells and was assessed on a scale from 1-5 (1 = absent, 
2 = 1-24% positive cells, 3 = 25-49% positive cells, 4 = 
50-75% positive cells, 5 = >75% positive cells) and the 
intensity score (IS) represents the staining intensity and 
was assessed on a scale from 1-4 (1 = absent, 2 = weak, 
3 = moderate, 4 = strong). An overview of the different 
intensity scores can be found in the (Appendix 3).
The total immunostaining score (TIS) was calculated 
by the multiplication of the propor-tion score and the 
intensity score (TIS = PS x IS). If the PS of the tissue was 
scored as absent, the IS was inherently scored as absent. 
The TIS score of the tumor and the adjacent tissue per type 
of tissue were used to calculate the tumor-to-normal (T/N) 
ratio to make relative comparisons between tissue types. A 
target selection scoring system was developed (Appendix 
4) (Supplementary Table 3), where expression pattern 
of the biomarker, T/N of muscle, mucosa, connective tissue 
and blood vessels and percentage of biomarker positive 
GIST tumors were scored. Homogenous expression of 
the candidate biomarker in the GIST tumor would yield 2 
points, while heterogenous expression would yield 1 point. 
The points would be awarded per tissue sample, resulting 
in an average. The amount of points for the T/N ratio are 
categorized. For muscle, mucosa and connective tissue if 
the T/N ratio would be below <1, negative points would 
be rewarded as the adjacent tissue would have a higher 
expression compared to the tumor and would clinically be 
bothersome. The amount of points rewarded for the T/N 
of blood vessels is lower than other tissue types due to 
the pattern of the vessels differentiation by eye would be 
possible. A maximum of 22 points could be acquired. 

Statistical Analysis

Statistical analysis was performed using SPSS version 
25 (IBM Corp., Armonk, NY, USA). Data is presented as the 
mean (± standard deviation), unless otherwise specified. 
Means of immunohistochemical staining scores and tumor-
to-normal ratios were compared using an Wilcoxon Signed 
Ranks test. A p-value of <0.05 was considered to indicate 
a statistical significant difference. Graphs were made using 
GraphPad Prism 9.0.1 (version 9.0.1, IBM Corp).

RESULTS

Database Research

Figure 1 Venn diagram depicting overlap between identified genes through 
various resources. The labels (A), (B), (C), (D), (E), (F), (G) depict various overlap 
between proteins found in different databases. See appendix supplement 1.

https://www.jscimedcentral.com/public/assets/supplementary/1788938873_9674a179b9f188d7fc6d.docx
https://www.jscimedcentral.com/public/assets/supplementary/1788938873_9674a179b9f188d7fc6d.docx
https://www.jscimedcentral.com/public/assets/supplementary/1788938873_9674a179b9f188d7fc6d.docx


Vogely CLA, et al. (2026)

J Cancer Biol Res 13(1): 1158 (2026) 4/9

Central

PIK3CG is a serine/threonine kinase involved in 
immune signaling and cytoskeletal regulation [15]. It is 
expressed in multiple GIST cohorts and has been associated 
with pro-oncogenic signaling in PI3K/AKT pathways [16].

TEM1 (CD248) is a transmembrane protein involved 
in angiogenesis and tumor stroma interaction [17,18]. 
Although not identified in the primary screen, prior 
sarcoma literature reports expres-sion in ~30% of GISTs, 
and it has shown promise as an imaging target in preclinical 
models [19].

PDE3A regulates intracellular cAMP/cGMP signaling 
and is involved in proliferation and apoptosis pathways 
relevant to tumor biology [20]. It is expressed in a high 
proportion of GISTs and has emerging therapeutic 
relevance, including sensitivity to PDE3A-modulating 
compounds [21,22].

DDR2 is a collagen-activated receptor tyrosine kinase 
involved in tumor cell–matrix interactions [23]. Although 
its expression in GIST is not well characterized, it is 
biologically plausible and targeted by imatinib, supporting 
further investigation [24].

Patient and Tumor Characteristics

Patient and tumor characteristics be found in (Table 1). 
The median age at diagnosis was 64.5 (range 38-83). In this 
population, localization of the tumor was preferably the 
stomach (70%). One tumor was presented as recurrence 
(4.3%) and one as metastasis (1.3%). Five patients 
(21.7%) underwent neo-adjuvant therapy (imatinib) prior 
to surgery.

Immunohistochemistry

Tumor Intensity Score: CD243 expression was 
observed in 78% of the GIST tissues in moderate to high 
intensities with a mean Tumor Intensity Score (TIS) of 
7.79 (SD 4.87) out of 22 maximum. DDR2 and PDE3A 
expression was observed in 100% of the GIST tissues with 
a mean TIS of 13.02 (SD 4.04) and 14.22 (SD 3.64). PIK3CG 
expression was observed in 69.3% of the GIST tissues in a 
mean TIS of 6 (SD 4.02). TEM1 expression was observed 
in 43.5% of the GIST tissues with a mean TIS of 4.65 (SD 
(4.89). Representative images of biomarker expression 
can be found in (Figure 2-6). The TIS score of the adjacent 
tissue per candidate biomarker and comparison with the 
TIS of the tumor is shown in (Table 2). 

Tumor-to-Normal Ratio: The TIS of the tumor divided 
with the TIS of adjacent tissue resulted in Tumor-to-
Normal ratios (T/N) (Figure 7). In CD243 it resulted in 
an T/N of 7.04 (SD 4.89) for muscle, 7.45 (SD 4.72) for 

Table 1: Patient and tumor characteristics

n = 23
Median age at diagnosis, years 

(range) 64.5 (38-83)

Gender, n (%) 
 Male 

 Female

12 (52.2 %) 
11 (47.8 %)

Anatomical site of tumor, n (%) 
 Stomach 

 Small intestine 
 Ileocecal 
 Sigmoid 

 Liver

16 (70 %) 
4 (17.4 %) 
1 (4.3 %) 
1 (4.3 %) 
1 (4.3 %)

Presentation status, n (%) 
 Primary tumor 

 Recurrence 
 Metastasis

21 (91.3 %) 
1 (4.3 %) 
1 (4.3 %)

Neo-adjuvant therapy, n (%) 
 Yes 
 No

5 (21.7 %) 
18 (78.3 %)

Median tumor size, cm (range) 4.5 (1.7-9.0)
Tumor size (cm), n (%) 

 ≤ 2 
 > 2, ≤ 5 

 > 5, ≤ 10 
 > 10

1 (4.3%) 
13 (56.5%) 
7 (30.4%) 
2 (8.7%)

Mitotic count (per 5 mm²), n (%) 
 < 5 

 > 5, ≤ 10 
 > 10

11 (47.8 %) 
5 (21.7 %) 
7 (30.4 %)

Histological subtype, n (%) 
 Spindle type 
 Epithelioid 
 Mixed type

15 (65.2%) 
4 (17.4%) 
4 (17.4%)

Table 2: Immunohistochemical Tumor Intensity Score (TIS) of different tissue 
types. Difference be-tween TIS of tumor and TIS of adjacent tissue.

Biomarker Tissue type TIS (SD)

CD243

Tumor 7.79 (4.87) -

Muscle 1.0 (0) p = 0.001 (Z -3.19)

Connective tissue 1.0 (0) p < 0.001 (Z -3.64)

Blood vessels 1.0 (0) p = 0.001 (Z -3.19)

Mucosa 1.24 (1.25) p < 0.001 (Z -2.64)

DDR2

Tumor 13.03 (4.04) -

Muscle 11.41 (4.04) p = 0.088 (Z -1.71)

Connective tissue 3.41 (3.85) p < 0.001 (Z -3.94)

Blood vessels 9.35 (5.02) p = 0.005 (Z -2.81)

Mucosa 15.11 (3.98) p = 0.133 (Z -1.50)

PDE3A

Tumor 14.22 (3.64) -

Muscle 4.0 (3.74) p < 0.001 (Z -3.73)

Connective tissue 1.26 (0.86) p < 0.001 (Z -4.21)

Blood vessels 5.59 (4.91) p < 0.001 (Z -4.11)

Mucosa 3.06 (3.58) p < 0.001 (Z -3.63)

PIK3CG

Tumor 6 (4.02) -

Muscle 1.27 (1.18) p = 0.003 (Z -2.96)

Connective tissue 1.43 (1.56) p = 0.001 (Z -3.38)

Blood vessels 1.0 (0) p < 0.001 (Z -3.55)

Mucosa 5.12 (5.10) p = 0.154 (Z -1.43)

TEM1

Tumor 4.65 (4.89) -

Muscle 1.0 (0) p = 0.017 (Z -2.93)

Connective tissue 10.5 (3.27) p < 0.001 (Z -3.75)

Blood vessels 1.0 (0) p = 0.005 (Z -2.83)

Mucosa 1.17 (0.71) p = 0.018 (Z -2.38) 



Vogely CLA, et al. (2026)

J Cancer Biol Res 13(1): 1158 (2026) 5/9

Central

 A 

B 

C 

Figure 2 Representative image of CD243 expression of GIST tumor with 
adjacent tissue. A: mucosal and connec-tive tissue showing no CD243 
expression. B: muscle tissue showing no CD243 expression. C: GIST-tumor ex-
pressing CD243 in high intensity.

A 

B 

Figure 5 Representative image of PIK3CG expression of GIST tumor with 
adjacent tissue. A: Muscle tissue with minimal PIK3CG expression. B: Connective 
tissue (left) with minimal expression and mucosal tissue (right) with moderate 
expression.

A 

B 

Figure 6 Representative image of TEM1 expression of GIST tumor with adjacent 
tissue. A: Muscle tissue with minimal PDE3A expression and surrounding 
connective tissue with high TEM1 expression. B: Mucosal tissue with minimal 
PDE3A expression.

A 

B 

Figure 3 Representative image of DDR2 expression of GIST tumor with 
adjacent tissue. A: connective tissue with high DDR2 expression. B: GIST tumor 
(left) and mucosal tissue (right) with high DDR2 expression, connective tissue 
(middle) with minimal DDR2 expression.

A 

B 

C 

Figure 4 Representative image of PDE3A expression of GIST tumor with 
adjacent tissue. A: Muscle tissue with minimal PDE3A expression. B: GIST tumor 
with high PD3A expression. C: Connective tissue (left) and mucosal tissue (right) 
with minimal PDE3A expression.

connective tissue, 7.45 (SD 4.72) for blood vessels and 7.36 
(SD 5.01) for mucosa. In DDR2 the TIS resulted in a T/N 
of 1.26 (SD 0.5) for muscle, 9.01 (SD 5.93) for connective 
tissue, 3.18 (SD 4.51) for blood vessels and 0.9 (SD 0.33) 
for mucosa. In PDE3A resulted in a T/N of 8.34 (SD 6.1) 
for muscle, 13.26 (SD 4.53) for connective tissue, 5.64 (SD 
5.34) for blood vessels and 10.74 (SD 6.27) for mucosa. 
In PIK3CG the TIS resulted in a T/N of 4.18 (SD 3.73) for 
muscle, 5.64 (SD 4.27) for connective tissue, 6.0 (SD 4.02) 
for blood vessels and 3.08 (SD 3.64) for mucosa. Finally, in 
TEM1 it TIS resulted in a T/N of 4.42 (SD 5.12) for muscle, 
0.43 (SD 0.44) for con-nective tissue, 4.65 (SD 4.89) for 
blood vessels and 3.65 (SD 4.24) for mucosa.

Tumor-to-Normal Ratio Comparison: Figure 8 
shows the T/N ratio of the different candidate biomarkers 
categorized per tissue type. DDR2 had a mean T/N of 
1.26 in muscle tissue, which is statistically lower than the 
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highest three biomarkers; CD243 7.04 (p = .002, Z -3.04), 
PDE3A 8.34 ( p <.001, Z -3.15) and PIK3CG 4.81 (p = .017, 
z = -2.39). In connective tissue, the T/N ratio of TEM1 was 
statistically lower than the other the other biomarkers 
(CD243 p < 0.001, Z -4.12, DDR2 p < 0.001, Z – 4.11, PDE3A 
p < 0.001, Z – 4.11, PIK3CG p < 0.001, Z – 4.01). The T/N 
ratio of PDE3A of connective tissue was statistically higher 
than the other candidate biomarkers (CD243 p = 0.001, 
Z – 3.17, DDR2 p = 0.011, Z – 2.56, PIK3CG p < 0.001, Z 
-3.89, TEM1 p < 0.001, Z -4.20). In blood vessels there is a 
significant difference between the T/N ratio of DDR2 and 
CD243 (p = 0.019, Z – 2.25) and DDR2 and PIK3CG (p = 
0.039, Z – 2.06). In mucosa CD243 and PDE3A had a T/N 
of 7.36 and 10.74 was statistically significant higher than 

DDR2 (p = .001, z = -3.24 and p = <.001, z = -3.42), PIK3CG 
(p = .002, Z -2.38 and p = .001, Z -3.244) and TEM1 (p = 
.021, Z -2.30 and p = .001, Z -3.29). 

Comparison of Candidate Biomarkers: A target 
selection scoring system was developed where expression 
pattern of the biomarker, T/N of muscle, mucosa, 
connective tissue and blood vessels and percentage of 
biomarker positive GIST tumors were scored (Table 
3). PDE3A and CD243 scored the most favorable with 
respectively 21.3 and 20.22 points as can be seen in (Table 
4). Both candidate biomarkers achieved the maximum 
points for the T/N ratios. PIK3CG scored intermediate 
on the T/N ratio of muscle and mucosal tissue, resulting 

Figure 7 Tumor-to-normal (T/N) ratios of adjacent tissue, categorized per candidate biomarker. The dot represents the mean.

Figure 8 Tumor-to-Normal (T/N) ratios of the five candidate biomarkers, categorized per tissue type. The dot represents the mean.
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in a total of 15.63 points. Both DDR2 and TEM1 received 
negative points for one of the T/N ratio’s. DDR2 for the 
T/N for mucosa and TEM1 for the T/N of connective tissue. 
In total they received a total of 8.83 and 6.2 points.

Sub-Analysis of Neo-Adjuvant Treatment: A large 
portion of the patients underwent neo-adjuvant therapy 
with imatinib prior to resection of the tumor (5 out of 23; 
21.7%). As mentioned in the introduction, neoadjuvant 
therapy with imatinib could lead to loss of KIT expression. 
It was favorable to see if the population that underwent 
neo-adjuvant treatment showed different expression 
of the candidate biomarkers than the patients who did 
not received neo-adjuvant treatment. The sub-analysis 
showed that the T/N ratio with connective tissue of the 
candi-date biomarker PDE3A was significantly lower in 
patients who received neoadjuvant therapy (T/N 4.7) 

Table 3 Scoring system used in this study to assess biomarkers. Tumor-to-normal ratio calculated as (PST*IST)/(PSN*ISN). Maximum score = 22.

Table 4 Comparison of scores of CD243. DDR2. PDE3A. PIK3CG and TEM1 in GIST. T/N: tumor-to-normal 

compared to patients who did not receive neoadjuvant 
treatment (T/N 8.7, p < 0.01, Z – 2.56). Additional-ly, the 
majority of the tissue types showed decrease in T/N in 
all biomarkers, with exception of TEM1 which showed 
increase after neoadjuvant treatment (Appendix 5) 
(Supplementary Table 4). The analysis was performed 
on a small group to illustrate a trend and more research is 
needed to determine the effect of neoadjuvant treatment 
on biomarker expression.

DISCUSSION

GIST has a high recurrence and metastatic rate. Clean 
margins during resection and early detection of small 
metastasis during surgery is essential to lower the chance 
of recurrence and improve patient outcome. F-IGS has 
the potential to improve tumor identification and cancer 

https://www.jscimedcentral.com/public/assets/supplementary/1788938873_9674a179b9f188d7fc6d.docx
https://www.jscimedcentral.com/public/assets/supplementary/1788938873_9674a179b9f188d7fc6d.docx


Vogely CLA, et al. (2026)

J Cancer Biol Res 13(1): 1158 (2026) 8/9

Central

surgery outcomes as it aids in tumor visibility. The majority 
of GIST tumor express KIT. KIT and DOG1 are currently used 
in the pathological diagnosis of GISTs. In vivo imaging using 
anti-KIT antibodies has been demonstrated [11-25]. There 
is no literature describing the fluorescence imaging using 
anti-DOG1 antibodies. Moreover, no anti-DOG1 antibody 
is clinically available. Considering the loss of expression 
of KIT after neo-adjuvant treatment with imatinib and 
unavailability of DOG1, identifying new biomarkers with 
high sensitivity and specificity is imperative.

The results of this study provides additional insights 
to current literature, as it evaluates the expres-sion of 
these proteins in GIST tissue compared to normal tissue, 
and analyzed in tumor-to-normal ratios. All, with the 
focus on identifying candidate biomarkers for GIST. The 
found expression of CD243 in 78% of the GIST tumors 
corresponds with published research, which reported 
68%-86% expression of CD243 in GIST [26,27]. 

This study might be susceptible to some bias 
due to subjectivity. The level of expertise on the im-
munohistochemical evaluation of tissue differ between 
the two observers as one is a pathologist at the LUMC 
with experience in GIST while the other is not. However, 
the two observers scored independently from each other, 
additional to reached consensus when scores differ 
between the two observers. In addi-tion, the overall kappa 
agreement score was 0.66. A possible shortcoming could be 
the relative small sample size of 23 tumors for evaluation 
of the candidate biomarkers with immunohistochemical 
research. However, as statistically significant differences 
were found on multiple results, it can indicate that the 
sample size was sufficient. Another shortcoming is the 
lack of direct comparison with KIT and DOG1, by including 
these tracers in parallel in the same analyses, as expression 
of these makers in both GIST as normal tissue has been 
researched. 

The scoring system that was used in this study was 
an adjusted version The TArget Selection Criteria (TASC) 
presented by van Oosten et al., a scoring system typically 
used in literature to improve its clinical relevance in the 
eye of the researchers [28]. This was used as fundamental 
principle for the scoring system developed in this study. 
The factors of enzymatic activity and internalization were 
excluded from the novel scoring system based on the 
lack of clinical relevance. Since there is no literature on 
expression of the research biomarkers in GIST tissue; the 
factor previously imaged with success in vivo was also ex-
cluded. The T/N ratio was reduced from 10 to 2 to qualify 
for points based on clinical experience with F-IGS. 

The immunohistochemical scoring evaluated four 
adjacent tissue types; muscle, connective tissue, blood 
vessels and mucosa. Fat tissue was deliberately not 
scored as the GIST tissue was stored Forma-lin-Fixed 
Paraffin-Embedded blocks and during the process of 
deparaffinization fat dissolves. The remaining part of the 
adipocytes could not be distinguished with certainty from 
the adjacent connective tissue. As fat is highly present in the 
abdominal cavity, if the biomarker is also expressed on fat 
tissue it could intervene with the NIRF signal of the tumor 
and would not be usable. To determine the expression 
on fat tissue frozen sections should be stained. However, 
since it is an exploratory study and GIST tissue from the 
biobank was used, frozen sections were not possible but 
must be tested in future research.

CONCLUSIONS

To conclude, CD243 has the potential to provide intra-
operative guidance during GIST surgery, due the presence 
on human cell lines GIST-T1, GIST882 and GIST48B. 
Further research is needed to establish expression of 
CD243 and PDE3A on cells of GIST cell lines.
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