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Abstract Öz 
Purpose: The aim of this study was to investigate the 
synergistic interaction of Notch-1, interleukin-1 beta, and 
leptin on each other, cell migration, and proangiogenic 
signaling in colorectal cancer cell lines. 
Materials and Methods: Human colorectal cancer cell 
lines, HCT-116 and HCT-15, were used. The genes for 
Notch-1, interleukin-1 beta, and leptin were silenced using 
small interfering ribonucleic acid. The efficacy of gene 
silencing and the messenger ribonucleic acid levels of 
target genes, including Notch-1, interleukin-1 beta, 
interleukin-1 receptor, leptin, vascular endothelial growth 
factor A, vascular endothelial growth factor receptor 2, and 
matrix metalloproteinase-2, were analyzed via quantitative 
real-time polymerase chain reaction. Protein levels of 
interleukin-1 beta, leptin, and vascular endothelial growth 
factor A were also measured using enzyme-linked 
immunosorbent assay. 
Results: In the Notch-1 inhibition group, significant 
decreases were observed in the messenger ribonucleic acid 
levels of Notch-1, interleukin-1 beta, interleukin-1 
receptor (a 3.45-fold decrease), leptin, vascular endothelial 
growth factor receptor 2, and matrix metalloproteinase-2 
(a 6.36-fold decrease). Leptin inhibition led to reduced 
messenger ribonucleic acid levels of Notch-1, interleukin-
1 beta (a 3.67-fold decrease), interleukin-1 receptor (a 2.53-
fold decrease), leptin, vascular endothelial growth factor A, 
and matrix metalloproteinase-2 (a 3.22-fold decrease).  
Conclusion: Notch-1, interleukin-1 beta, and leptin 
interact with each other, directly contributing to cell 
migration and the expression of angiogenic molecules in 
colorectal cancer.  

Amaç: Bu çalışmada, kolorektal kanser hücre hatlarında 
Notch-1, interlökin-1 beta ve leptinin birbirleri üzerindeki 
sinerjik etkilerini, hücre göçü ve damar oluşumunu 
destekleyen sinyallerle ilişkilerini araştırmayı amaçladık. 
Gereç ve Yöntem: Çalışmada HCT-116 ve HCT-15 
kolorektal kanser hücre hatları kullanılmıştır. Notch-1, 
interlökin-1 beta ve leptin genleri, küçük engelleyici 
ribonükleik asit aracılığıyla tek tek susturulmuştur. Bu 
müdahalenin ardından Notch-1, interlökin-1 beta, 
interlökin-1 reseptörü, leptin, vasküler endotelyal büyüme 
faktörü A, vasküler endotelyal büyüme faktörü reseptörü 2 
ve matriks metalloproteinaz-2 düzeyleri haberci 
ribonükleik asit seviyesinde; interlökin-1 beta, leptin ve 
vasküler endotelyal büyüme faktörü A ise enzim bağlı 
immünosorbent deneyi kullanılarak protein seviyesinde 
analiz edilmiştir. 
Bulgular: Notch-1 geni susturulan grupta; Notch-1, 
interlökin-1 beta, interlökin-1 reseptörü (3,45 kat azalma), 
leptin, vasküler endotelyal büyüme faktörü reseptörü 2 ve 
matriks metalloproteinaz-2 (6,36 kat azalma) haberci 
ribonükleik asit seviyelerinde ve interlökin-1 beta ile leptin 
protein seviyelerinde azalma saptanmıştır. Leptin 
susturulduğunda ise Notch-1, interlökin-1 beta (3,67 kat 
azalma), interlökin-1 reseptörü (2,53 kat azalma), leptin, 
vasküler endotelyal büyüme faktörü A ve matriks 
metalloproteinaz-2 (3,22 kat azalma) haberci ribonükleik 
asit seviyelerinin azaldığı tespit edilmiştir. 
Sonuç: Bu çalışma, kolorektal kanserde Notch-1, 
interlökin-1 beta ve leptinin birbirleriyle dinamik bir 
etkileşim içinde olduğunu ve bu etkileşimin hücre göçü ile 
damar oluşumunu sağlayan molekülleri doğrudan 
desteklediğini göstermiştir.  
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INTRODUCTION 

Notch, interleukin-1 and leptin crosstalk outcome 
(NILCO) represent a combination of migratory and 
proangiogenic signals in various cancers1. Notch 
signaling is important in the regulation of tumor 
angiogenesis2. In breast cancer tissues, vascular 
endothelial growth factor (VEGF) and Notch-1 
levels are higher than those in neighboring normal 
breast tissue3. The blockade of Jagged1, a Notch 
ligand, leads to a reduction in colorectal cancer cell 
migration, concomitant with a decrease in matrix 
metalloproteinases (MMPs), which are associated 
with metastasis4. Consequently, the Notch signaling 
axis serves as a central regulator in colorectal cancer 
by simultaneously orchestrating pathological 
angiogenesis and the invasive mechanisms necessary 
for metastatic dissemination5. 

Interleukin-1 beta (IL-1β), a highly proinflammatory 
agent, facilitates the production of molecules that 
promote tumor angiogenesis and invasiveness6. In 
the early stages of angiogenesis in melanoma cells, IL-
1β and VEGF interact and stimulate each other7. 
Moreover, increased IL-1β has been found to induce 
matrix metalloproteinase-9 (MMP-9) expression in 
radiotherapy-resistant breast cancer cells8. In the 
gastrointestinal microenvironment, IL-1β acts as a 
key mediator that strengthens the invasive potential 
of tumor cells through the repression of specific 
tumor-suppressor genes. These signaling events 
facilitate a pro-tumorigenic crosstalk between 
malignant cells and the surrounding stroma, 
effectively coordinating the transition toward 
advanced tumor growth9. 

Leptin produced from adipose tissue is highly 
expressed in colon and breast cancer cells together 
with its receptor10,11. Leptin increases VEGF and 
vascular endothelial growth factor receptor 2 
(VEGFR2) levels in endometrial cancer cells 
compared with those in benign cells12. Furthermore, 
a study demonstrated that the increase in matrix 
metalloproteinase-2 (MMP-2) in breast cancer cells 
was suppressed by blocking leptin13. Beyond simple 
proliferation, leptin-mediated signaling triggers the 
proteolytic activity required for cancer cells to bypass 
tissue barriers and enter the vasculature. By 
integrating these signals, the leptin-LEPR axis 
effectively serves as a functional bridge between local 
tissue invasion and systemic metastasis14. 

A previous study on breast cancer cell lines 
demonstrated that leptin induced the expression of 
the Notch receptor and its ligands while also 
increasing the expression of proangiogenic (VEGF) 
and proinflammatory (interleukin-1) factors15. A 
study with endometrial cancer cells indicated that 
leptin increases the aggressiveness of cancer by 
stimulating NILCO and leads to chemoresistance; 
inhibition of leptin signaling reverses this 
chemoresistance16. In gene expression studies in 
human colon cancer tissues, we found that the 
increase in leptin and its receptor expression 
paralleled that of Notch, VEGF/VEGFR2 and 
interleukin-1, suggesting a link between these factors 
and colon cancer development17. Such correlations 
suggest that the interplay between these pathways 
forms a critical molecular axis that sustains the 
progression of colorectal tumors. 

Although our previous findings suggested a link 
between NILCO signaling and colorectal cancer 
development, the precise interplay and the crosstalk 
dynamics between these pathways have not yet been 
functionally characterized. Our central hypothesis is 
that the integrated NILCO axis exerts a synergistic 
effect on tumor aggressiveness, yet individual 
pathways may possess differential weights in 
regulating migration and angiogenesis. Therefore, the 
present study aims to investigate these interactions by 
individually inhibiting each signaling pathway in 
HCT-116 and HCT-15 cell lines. This approach seeks 
to clarify the functional contribution of each axis, 
providing further insights into the molecular 
mechanisms that drive colorectal cancer progression. 

MATERIALS AND METHODS 

All experiments in the present study were conducted 
at the Molecular Physiology Laboratory of Eskisehir 
Osmangazi University, Faculty of Medicine. The 
experimental processes were carried out by the 
researchers under the supervision of the principal 
investigator. To ensure data reliability and scientific 
integrity, all protocols were executed according to 
established standard operating procedures of the 
department, and each experiment was performed in 
at least three independent biological replicates. 

The study was conducted entirely using commercially 
available human colorectal cancer cell lines (HCT-
116 and HCT-15) obtained from the American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
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This research does not involve any human 
participants, identifiable human biological materials, 
or live vertebrate animals. Therefore, according to the 
guidelines of our institutional ethics committee and 
international research standards, this laboratory- 
based in vitro study is exempt from ethical approval 
requirements. 

Cell culture 
Colon cancer cell lines and media: Two human colon 
cancer cell lines HCT-116 (ATCC CCL-247) and 
HCT-15 (ATCC CCL-225) were obtained from the 
American Type Culture Collection (ATCC, 
Manassas, VA, USA), and subsequently maintained 
and expanded in an incubator with an internal 
environment of 5% CO2, 95% humidity and 37°C. 
RPMI-1640 medium was used as described for the 
colon cancer cells. As the study utilized commercially 
available, established cell lines and did not involve 
human participants or primary tissues, ethics 
committee approval was not required for their use in 
this study. 

Cultivation and survival of cells: The cells obtained 
from the company and brought to our laboratory 
were transferred into culture flasks under sterile 
conditions at the experimental stage. The flasks in the 
incubator were checked with an inverted microscope 
(Olympus) during the incubation period, provided 
that they were not moved for the first two days, and 
the proliferation of the cells was observed. The old 
media were emptied with a pipette and renewed every 
2–3 days with RPMI-1640 medium, 10% FBS and a 
1% penicillin + streptomycin mixture. After the cells 
covered 85–90% of the bottom of the flask, the 
experiment was started. After sufficient proliferation, 
the cells were removed from the surface with trypsin 
+EDTA and spun at 1000 rpm and 4°C for 5 minutes 
in a centrifuge tube containing culture media. The top 
medium was discarded, and the pellets, including the 
cells, were reseeded into flasks containing medium 
and placed in an incubator at 37°C, 5% CO2 and 95% 
humidity. 

Counting and seeding cells in 24-well dishes: The 
medium of the cells completely covering the bottom 
of the flasks was removed with a pipette, and the 
proteins remaining in the flasks were removed by 
washing with PBS. The cells produced in the flasks 
were washed with 0.25% trypsin for 15 minutes and 
allowed to detach from the bottom. The cells that had 
taken into the tube were rotated in a centrifuge at 4°C 
and 1200 rpm for 5–10 minutes. After the process, 

the liquid remaining at the top was discarded, and 1–
3 drops of the cell mixture remaining at the bottom 
were removed with the help of a pipette. A cell count 
was performed, and the number of cells in 1 millilitre 
was determined. The cells were seeded in 24-well 
dishes at 2x10^5 cells per well, and the cells were 
taken into the experiment after 24 hours of 
incubation. Before the experiment, the cells were 
transfected with Notch-1, IL-1β and leptin siRNAs at 
different doses and times to determine the optimum 
transfection conditions for each cell line and each 
siRNA, and the activity of the silenced gene was 
analyzed via qRT‒PCR. 

Determination of experimental groups: To silence 
Notch-1, IL-1β, and leptin expression, HCT-116 and 
HCT-15 cells were transfected with specific Silencer® 
Pre-designed siRNAs (Ambion) at a final 
concentration of 30 nM. Transfections were 
performed using Lipofectamine 2000 (Invitrogen, 
Canada) according to the manufacturer’s 
instructions. For each cell line, a non-targeting 
negative control siRNA (Ambion) was utilized as a 
comparative control group. Following a 48-hour 
incubation period, silencing efficiency was verified 
via qRT-PCR analysis to confirm successful gene 
knockdown before proceeding with further 
experiments. 

qRT‒PCR 
The preseeded 1x10^6 cells/flask obtained from the 
HCT-116 and HCT-15 cell lines were incubated for 
24 hours, after which siRNA doses determined to be 
nontoxic were added. After the waiting period, total 
RNA was isolated from the cells (RNA Isolation Kit-
Roche). The amount and purity of the RNA were 
calculated by measuring the optical density at a 
wavelength of 260 nm (Nanodrop 1000-Thermo 
Scientific). cDNA synthesis was performed 
according to the manufacturer's instructions (cDNA 
Synthesis Kit-Thermo).  

qRT‒PCR was performed in our laboratory 
according to the manufacturer's (Thermo) 
recommendations. The relative mRNA expression 
levels of target genes (Notch-1, IL-1β, IL-1R, leptin, 
VEGFA, VEGFR2, and MMP-2) were measured 
with a Thermo StepOnePlus Real-Time PCR System 
with a SYBR Green probe and calculated using the 2-

ΔΔCq method. β-actin was utilized as the internal 
reference gene, and its expression stability was 
confirmed across all experimental groups, showing 
no significant variation in Cq values. To ensure data 
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reproducibility, all reactions were performed in 
triplicate for each sample. 

ELISA 
A total of 1 million cells obtained from the HCT-116 
and HCT-15 cell lines were seeded in 24-well dishes, 
with two from each group. After the incubation 
period, the medium was collected for ELISA. The 
concentrations of IL-1β, leptin, and VEGFA were 
determined using commercially available human-
specific ELISA kits, as recommended by the 
manufacturers.  

The kits utilized were: VEGFA (cat. no. BMS277/2; 
Invitrogen; Thermo Fisher Scientific, Inc.), and leptin 
and IL-1β (cat. nos. KAP2281 and KAP1211, 
respectively; DIAsource ImmunoAssays SA). Optical 
density measurements were obtained using a plate 
reader system (Awareness Technology, Inc.). To 
ensure statistical reliability, all measurements were 
performed in triplicate. 

Statistical analysis 

Statistical evaluations were performed using 
GraphPad Prism 6. The normality of variables was 
first assessed with the Shapiro‒Wilk test. To compare 
multiple experimental groups, one-way ANOVA 
followed by Tukey’s post-hoc test was used for 
normally distributed data. For variables that did not 
meet normality assumptions, the Kruskal‒Wallis test 
and Dunn’s post-hoc test were applied. These tests 
were selected to accurately identify significant 
differences between control and treatment groups 
based on the distribution of each dataset. Results are 
presented as means ± SEM, and a p-value of <0.05 
was considered statistically significant. 

RESULTS 

In HCT-116 cells, a significant decrease in the Notch-
1 mRNA level was observed in the Notch-1 siRNA- 
and leptin siRNA-treated groups, and a 
nonsignificant decrease was observed in the IL-1β 
siRNA-treated group (Figure 1). 

 
Figure 1. Notch-1, IL-1β, IL-1R and leptin mRNA levels in HCT-116 cells.  
C: Control, N: Notch-1 siRNA-treated group, IL: IL-1β siRNA-treated group, L: leptin siRNA-treated group. * p<0.05, ** p<0.01, *** 
p<0.001. 
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The IL-1β mRNA level in HCT-116 cells was 
significantly decreased in the Notch-1 siRNA-, IL-1β 
siRNA- and leptin siRNA-treated groups. IL-1R 
mRNA levels in HCT-116 cells were significantly 
decreased in the Notch-1 siRNA-, IL-1β siRNA- and 
leptin siRNA-treated groups. In HCT-116 cells, 
leptin mRNA levels were significantly decreased in 
the Notch-1 siRNA-, IL-1β siRNA- and leptin 
siRNA-treated groups (Figure 1). 

In HCT-116 cells, a significant decrease in the 
VEGFA mRNA level was observed in the leptin 
siRNA-treated group, and a nonsignificant decrease 
was observed in the Notch-1 siRNA- and IL-1β 
siRNA-treated groups (Figure 2). In HCT-116 cells, 
the VEGFR2 mRNA level was significantly 
decreased in the Notch-1 siRNA-treated group, 
whereas no significant change was observed in the 
IL-1β siRNA- or leptin siRNA-treated groups. The 
MMP-2 mRNA level in HCT-116 cells was 

significantly decreased in the Notch-1 siRNA-, IL-1β 
siRNA- and leptin siRNA-treated groups (Figure 
2).In HCT-116 cells, leptin protein levels did not 
significantly change in the Notch-1 siRNA-, IL-1β 
siRNA- or leptin siRNA-treated groups (Figure 3). 

Although not statistically significant, a decrease in the 
Notch-1 mRNA level in HCT-15 cells was observed 
in the Notch-1 siRNA- and leptin siRNA-treated 
groups (Figure 4). In HCT-15 cells, the IL-1R mRNA 
level decreased in the IL-1β siRNA-treated group, 
although the difference was not statistically 
significant. No statistically significant change in leptin 
mRNA levels was detected in HCT-15 cells in the 
Notch-1 siRNA-, IL-1β siRNA- or leptin siRNA-
treated groups. Although not statistically significant, 
a decrease in the VEGFA mRNA level in HCT-15 
cells was observed in the group treated with IL-1β 
siRNA (Figure 4) 

 
Figure 2. VEGFA, VEGFR2, and MMP-2 mRNA levels in HCT-116 cells.  
C: Control, N: Notch-1 siRNA-treated group, IL: IL-1β siRNA-treated group, L: leptin siRNA-treated group. * p<0.05, ** p<0.01, *** 
p<0.001. 
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Figure 3. ELISA analysis of leptin production in HCT-116 cells.  
C: Control, N: Notch-1 siRNA-treated group, IL: IL-1β siRNA-treated group, L: leptin siRNA-treated group. 

 

 
Figure 4. Notch-1, IL-1R, leptin and VEGFA mRNA levels in HCT-15 cells.  
C: Control, N: Notch-1 siRNA-treated group, IL: IL-1β siRNA-treated group, L: leptin siRNA-treated group. 
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Figure 5. ELISA analysis of IL-1β, leptin and VEGFA production in HCT-15 cells.  
C: Control, N: Notch-1 siRNA-treated group, IL: IL-1β siRNA-treated group, L: leptin siRNA-treated group. * p<0.05, ** p<0.01. 

 

The IL-1β protein level in HCT-15 cells was 
significantly decreased in the Notch-1 siRNA-, IL-1β 
siRNA- and leptin siRNA-treated groups (Figure 5). 
In HCT-15 cells, leptin protein levels were 
significantly decreased in the Notch-1 siRNA-, IL-1β 
siRNA- and leptin siRNA-treated groups. In HCT-15 
cells, the VEGFA protein level decreased in the 
Notch-1 siRNA-, IL-1β siRNA- and leptin siRNA-
treated groups, although the difference was not 
significant (Figure 5). 

DISCUSSION 

The results of our study revealed that Notch-1, IL-1β 
and leptin, which play a role in the NILCO 
interaction, were individually silenced by siRNA in 
both CRC cell lines, suggesting that this complex may 
play a role together in colorectal cancer development 
and progression and may potentiate the effects of 
each other. 

Notch receptors and ligands are overexpressed in 
various malignant tumors, and Notch-1 plays a role 
in the pathogenesis of colorectal cancer18. In our 
study, we observed a significant decrease in the 
Notch-1 mRNA level in the HCT-116 cell line and a 

nonsignificant decrease in the level in the HCT-15 
cell line in the Notch-1 and leptin siRNA-treated 
groups, as expected. Our results are compatible with 
those of the study conducted in pancreatic cancer 
cells. In that study, it was reported that leptin 
increased tumor progression by inducing the 
expression of Notch receptors and ligands19. Notch-
leptin interactions have also been shown in 
glioblastoma multiforme cells. The leptin-mediated 
increase in Notch-1 expression was reversed by 
pharmacological blockade of leptin20. In a study on 
non-small cell lung cancer cells, a decrease in the 
Notch-1 level was observed after the administration 
of leptin siRNA, similar to our results21. Previous 
reports also parallel our findings where the 
expression of Notch signaling decreased when leptin 
was blocked compared with the control in breast 
cancer cells22. 

IL-1β is overexpressed in many solid tumors, 
including colorectal cancer, and triggers angiogenesis 
and migration23. In our study, we found a significant 
decrease in IL-1β and IL-1R mRNA levels in the 
HCT-116 cell line in all groups given Notch-1, IL-1β 
and leptin siRNA, but we did not observe the same 
decrease in the HCT-15 cell line. In HCT-15 cells, we 
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observed a significant decrease in the IL-1β protein 
level in all groups. In a study conducted in the mouse 
colon, leptin increased IL-1β mRNA levels, 
confirming our findings24. In endometrial 
adenocarcinoma cells, leptin was shown to increase 
the IL-R protein level16. In another study conducted 
in estrogen receptor-positive and negative breast 
cancer xenografts treated with a leptin antagonist, 
IL1R staining was lower in immunohistochemistry 
analysis than in the control25. Therefore, while the 
relationship between IL-1β and leptin has been 
shown in many cancer studies, the relationship 
between IL-1β and Notch signaling has not been 
demonstrated. Our study is important in this respect. 

Leptin signaling is involved in the development and 
progression of cancer through many mechanisms, 
including cell proliferation, migration, angiogenesis 
and drug resistance26. In our study, we observed a 
significant decrease in leptin mRNA levels in the 
HCT-116 cell line in all groups given Notch-1, IL-1β 
and leptin siRNA. However, we could not detect a 
significant change in leptin protein levels in the same 
cell line. In the HCT-15 cell line, while we observed 
a significant decrease in leptin protein levels in all 
groups, we did not observe a significant change in 
leptin mRNA levels. The imbalance between mRNA 
and protein levels possibly reflects cell-specific 
differences in protein turnover or translational 
control. Such variations indicate that gene silencing 
efficiency is largely influenced by post-transcriptional 
regulatory mechanisms specific to each cell type27. 

In a study conducted in obese mice exposed to CT26 
colorectal cancer cells, a decrease in leptin and 
VEGFR-1 protein concentrations was found via the 
inhibition of Notch signaling, which is in agreement 
with our findings28. However, in a study conducted in 
endometrial cancer cells, leptin-stimulated invasion 
and the effect of leptin were eliminated by blocking 
Notch and IL-1 signaling29. In glioblastoma 
multiforme cells, leptin-induced growth and 
migration were attenuated via the inhibition of Notch 
signaling20. These findings suggest that the role of 
leptin in cancer development and progression can be 
prevented by the inhibition of Notch signaling. 

Studies have shown that NILCO members play a role 
in many cancers individually or in dual interactions. 
However, the interactions of all three NILCO 
members together have not been studied. In this 
respect, our findings are important and emphasize 
the effect of NILCO in colorectal cancer and clarify 
some deficiencies in this field. 

In our study, in the HCT-116 cell line, a significant 
decrease in the VEGFA mRNA level was observed 
in the group with silenced leptin siRNA, and a 
nonsignificant decrease was observed in the other 
two groups, in which Notch and IL-1β signaling was 
blocked. We observed a significant decrease in the 
VEGFR2 mRNA level only in the group with 
silenced Notch-1 siRNA. In the HCT-15 cell line, we 
detected a significant decrease in the VEGFA mRNA 
level in the group inhibited with IL-1β siRNA and a 
nonsignificant decrease in the VEGFA protein level 
in all the groups. Endothelial cell migration and blood 
vessel invasion are mediated mainly by the binding of 
VEGFA to VEGFR230. Our findings emphasize that 
the effects of Notch-1 and leptin on angiogenesis in 
colorectal cancer are greater than those of IL-1β. In 
this context, the increase in leptin levels is associated 
with a significant rise in VEGF target gene 
expression, suggesting that leptin acts as a potent 
driver for the neoangiogenesis necessary for tumor 
growth31. Similarly, VEGF gene expression decreased 
via the inhibition of Notch signaling in ependymoma 
cells32. In triple-negative breast cancer cells, a 
decrease in VEGF protein levels was found with 
Notch-1 inhibition compared with the control33. 
Furthermore, research on esophageal squamous-cell 
carcinoma indicates that the loss of Notch-1 function 
leads to a marked reduction in VEGF production, 
thereby inhibiting the neovascularization processes 
required for tumor progression34. 

An increase in MMPs is directly related to tumor 
development, invasion, angiogenesis and metastasis 
in many cancers35. In our study, we found a 
significant decrease in the MMP-2 mRNA level by 
blocking Notch, IL-1β and leptin signaling in the 
HCT-116 cell line, which is consistent with our 
hypothesis and various other cancer studies. In 
xenografts in which Jagged-1, a Notch ligand, was 
silenced, a decrease in the MMP-2 mRNA level was 
detected4. In a study on tongue squamous cell 
carcinoma, a decrease in MMP-2 protein levels was 
shown to be caused by the inhibition of Notch-136. 
In breast cancer cells, elevated levels of interleukin-1 
beta directly stimulate the expression of MMP-2, 
thereby promoting the structural changes necessary 
for tumor progression37. In another study conducted 
in oral squamous cell carcinoma cells, an increase in 
MMP-2 mRNA levels was observed in the leptin-
treated group compared with the control38. 
Furthermore, studies in papillary thyroid cancer show 
that leptin stimulates the production of MMP-2, and 
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neutralizing this hormone helps to decrease its 
expression39. 

Studies have shown that the interaction of Notch, IL-
1β and leptin individually or in pairs plays an 
important role in many cancers. However, the 
interactions of all three NILCO members have not 
been studied. In this respect, our study is the first to 
clarify the effect of NILCO on colorectal cancer. 
There are also a few limitations of our study. We 
could not obtain overlapping results for some 
parameters in either cell line, and we plan to clarify 
this situation in future studies. While our study offers 
molecular insights, the lack of migration assays to 
evaluate the functional impact on cell behavior 
remains a limitation. Future studies incorporating 
these assays will be necessary to fully understand the 
role of these pathways in metastasis. In addition, our 
findings could have been supported by performing an 
in vivo experiment, and we envisage this as our next 
study target. In addition to these limitations, our 
study has the potential to shed light on the 
development and progression of CRC. 

Our findings showed that Notch-1, IL-1β and leptin 
interact with each other and that this interaction 
directly contributes to cell migration and angiogenic 
molecules in colorectal cancer. We concluded that 
while the effect on angiogenesis is more 
predominantly mediated through Notch-1 and leptin, 
the effect on migration is regulated through the 
NILCO complex as a whole. While these in vitro 
results require further in vivo validation, the 
simultaneous targeting of the NILCO members may 
offer a useful direction for future studies in colorectal 
cancer research.  

Future studies should investigate the functional 
implications of the NILCO signaling pathway in the 
tumor microenvironment. Clarifying the precise 
molecular hierarchy among these factors may provide 
a more robust foundation for developing targeted 
therapeutic strategies. This approach will be crucial 
for deepening our understanding of how 
multifactorial interactions influence disease 
progression. 
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