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			ABSTRACT

		

		
			Colorectal cancer (CRC) is among the leading causes of cancer-related mortality globally, with metastasis as a key driver of poor outcomes. In Pakistan, colon cancer is the fourth most prevalent cancer, with an increased occurrence rate in young people. The c-MET/HGF axis plays a significant role in tumor budding, proliferation, invasion, and metastasis. This study investigates c-MET expression in human colon cancer and methylnitrosourea (MNU)-induced mouse colon cancer models to establish its clinical significance and therapeutic potential. Using quantitative real-time PCR (qPCR) and immunohistochemistry (IHC), c-MET expression was found to correlate positively with tumor stage and metastasis in both human and mouse tissue samples, with significant p-values (P < 0.05). Advanced analysis, including immunofluorescence, confirmed the presence of c-MET receptor, highlighting its diagnostic and therapeutic potential. Importantly, a strong correlation between c-MET and HGF expression (human: Pearson correlation = 0.707, P < 0.0005) underscores the role of this axis in CRC pathogenesis. These findings suggest that targeting c-MET may offer a promising strategy for early diagnosis and effective treatment of colon cancer, addressing metastasis, and overcoming current therapeutic limitations.
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			Introduction

			Colorectal cancer (CRC) is considered to be the third major cause of death linked to cancer across the globe (Danese and Montagnana, 2017), accounting for approximately 10% of all cancer cases and standing as the second leading cause of cancer-related deaths (World Health Organization, 2023 report). The incidence of CRC and its mortality rate in cancer patients is increasing at an alarming rate, particularly in low and middle-income countries. In addition, the worldwide burden of CRC is expected to increase by more than 60%, with approximately 2.25 million new cases and 1.2 million deaths, according to predictions for 2030 (Sung et al., 2021; Seigel et al., 2024; Bray et al., 2024). The death rate linked to CRC is mainly linked to its metastasis, primarily in the liver, lung, brain, and lymph nodes, and this accounts for one of the momentous causes of death in patients suffering from CRC. According to the prior literature studies, around 25% of the patients exhibit colorectal metastasis at the time of initial treatment, which advances to nearly 50% during the later stages of cancer and correlates with our current study (Nakayama et al., 2013; Cleveland Clinic, 2022). However, the currently available gold standard therapies for treating CRC and its related metastasis include surgery, radiotherapy, and chemotherapy, which still seem less efficient in targeting this silent killer, which starts to show its signs when much damage has already been done (Cyr et al., 2023). 

			In Pakistan, colon cancer is the fourth most prevalent cancer, with survival rates varying between 14% and 90%, depending on the stage at diagnosis and early detection (Ahmed et al., 2024). Recent studies have highlighted a concerning rise in colon cancer cases among younger individuals in the country, a trend attributed to factors such as changing dietary habits, sedentary lifestyles, and genetic predispositions (Rani, 2024). This shift underscores the urgent need for increased awareness, early screening, and preventive measures to address the growing burden of colon cancer in Pakistan. Moreover, the absence of population-specific diagnostic markers and therapeutic targets limits the effectiveness of existing approaches (National Cancer Institute, 2024). The receptor tyrosine kinase c-Met has emerged as a promising biomarker and therapeutic target in colon cancer. Overexpression of c-Met is associated with tumor growth, invasion, metastasis and aggressiveness and has been linked to poor prognosis in CRC patients (Liu, 2015).

			Hepatocyte growth factor (HGF) and its linked c-MET receptor have tyrosine kinase activity and are significantly involved in epithelial to mesenchymal transition (EMT), associated with many biological functions leading towards growth, differentiation, and migration (Sierra and Tsao, 2011; Bradley et al., 2016; Jin et al., 2024; Uchikawa et al., 2021). Under normal physiological conditions, the c-MET/HGF axis interaction leads toward cellular proliferation, migration, and angiogenesis and also aids in the wound healing process. On the other hand, in many cancers, the c-MET/HGF pathway is viewed as an important contributor to tumor invasion and proliferation due to the alternation of genes and overexpression of the c-MET receptor, which eventually leads toward metastasis (Sun et al., 2013; Barzaman et al., 2022; Lee et al., 2021; Recondo et al., 2020). Despite increasing meta-analysis for the c-MET/HGF pathway, its exact role in CRC and concurrent metastasis is undermined. 

			Our study aims to investigate the expression of c-Met in human colon cancer samples from Pakistani patients and in a mouse model induced with N-methyl-N-nitrosourea (MNU). By identifying c-Met expression patterns, we hope to establish its utility as a diagnostic marker and explore its potential as a target for drug delivery. This approach could lead to improved early detection and the development of more effective, targeted therapies, addressing the limitations of current methods and providing a population-specific solution to enhance colon cancer outcomes in Pakistan.

			Material and Methods

			Human cohort

			With the ethical approval from Institutional Ethics Review Board, University of Punjab, Lahore (Ref No. 285/SBB). The cancer tissue sections were cut vertically into two parts; one was preserved in 10 % formalin, and the other was immediately stored in liquid nitrogen to snap-freeze the sample and later stored at -80 oC till further usage. The human cohort comprised 72 samples, 60 colon cancer patients (38 males and 22 females), and 12 healthy individuals. Most of the colon cancer patients (27) were of stage 1 and 2 cancer patients, while 18 were of stage 3 and 15 patients were of stage 4. The average age was 56 (range 35-78) years. A total of 31 patients underwent tumor resection surgery for the primary tumor, and 29 patients went for the removal of both primary and resectable metastatic sections. All the patients who underwent surgical resection were further analyzed by post-operative examination. In addition, adjuvant therapies, such as radiotherapy and chemotherapy, were also given to the prescribed patients.

			Mouse colon cancer model

			Mice were divided into two groups; one was dissected after 6 months and the other after 12 months. An equal number of males and female mice were kept in both groups. Initially, 8 mice (4 male and 4 females) were kept in group 1, while 14 mice (7 males and 7 females) were kept in group 2. During the process of cancer induction, 2 mice died from group 1 and 4 mice died from group 2 leaving a total of 6 mice in group 1 and 10 mice in group 2 (Lodhi et al., 2021). Four healthy albino mice were used in the study. No mortality was reported in control mice group. Colon cancer was induced in mice through a combination of N-methyl-N-nitrosourea (MNU) and high salt (NaCl) concentration. Group 1 mice were dissected after 6 months, while Group 2 mice were dissected after 12 months of cancer induction as shown Table I. After the mice dissection, colon tumor tissues were collected from both groups and were cut into two parts vertically; one was preserved in 10 % formalin, and the other was immediately stored in liquid nitrogen to snap-freeze the sample and later stored at -80 oC till further usage (Lodhi et al., 2021).

			Table I. Histopathological profile of mice colon cancer induced tissues after interval of 6 months and after 12 months.

			
				
					
					
					
				
				
					
							
							Findings

						
							
							After 6 months

						
							
							After 12 months

						
					

					
							
							No of total animals

						
							
							8

						
							
							14

						
					

					
							
							Dead during infection

						
							
							2

						
							
							4

						
					

					
							
							Percentage of cancer incidence

						
							
							42%

						
							
							80%

						
					

					
							
							Uneven surface and hemorrhage

						
							
							4

						
							
							 10

						
					

					
							
							Presence of inflammatory cells

						
							
							7

						
							
							7

						
					

					
							
							Mucosal and submucosal abscess

						
							
							8

						
							
							9

						
					

					
							
							GIST

						
							
							3

						
							
							4

						
					

					
							
							Signet ring cell carcinoma

						
							
							0

						
							
							2

						
					

					
							
							Polypoid adenocarcinoma

						
							
							2

						
							
							3

						
					

					
							
							Dysplasia

						
							
							1

						
							
							5

						
					

					
							
							Adenocarcinoma

						
							
							3

						
							
							7

						
					

					
							
							Lymphoma

						
							
							0

						
							
							1

						
					

				
			

			Table II. Primer sequences for human and mouse genes.

			
				
					
					
					
					
					
				
				
					
							
							Gene

						
							
							Upstream/ Downstream primer sequence

						
							
							Base pair length (bp)

						
							
							Temperature (o C)

						
							
							GC content (%)

						
					

					
							
							Human primers

						
							
					

					
							
							c-MET

						
							
							5’-TGTCTTGGGGGTTCAGATAA-3’

						
							
							120 bp

						
							
							59

						
							
							45

						
					

					
							
							
							5’-ACAGATTAGCAGGGCTTGTG-3’

						
							
							60

						
							
							50

						
					

					
							
							HGF

						
							
							5’-TGGTTCTGATTGCCCCTGAT-3’

						
							
							162 bp

						
							
							60

						
							
							50

						
					

					
							
							
							5’-TCTACCCTTGCTTGCTGACA-3

						
							
							60

						
							
							50

						
					

					
							
							TBP

						
							
							5’-CCTACTCTGCTGTGTTTCGC-3

						
							
							132 bp

						
							
							60

						
							
							50

						
					

					
							
							
							5’-GGGCAGGGTAAACTTAGGGT-3’

						
							
							60

						
							
							55

						
					

					
							
							Mouse primers

						
							
					

					
							
							c-MET

						
							
							5’-CCCCACACAGTAGCCAAGAT-3’

						
							
							195 bp

						
							
							60

						
							
							55

						
					

					
							
							
							5’-GAAGAGGACGCTCACCAGTC-3’

						
							
							60

						
							
							60

						
					

					
							
							HGF

						
							
							5’-TCCCTCGTCAGCTTGTCTTT-3’

						
							
							179 bp

						
							
							60

						
							
							50

						
					

					
							
							
							5’-CCTCCAAATGTCCATGCTCT-3

						
							
							59

						
							
							50

						
					

					
							
							TBP

						
							
							5’- GCAGCCTCAGTACAGCAATC-3’

						
							
							98 bp

						
							
							60

						
							
							55

						
					

					
							
							
							5’-GGTGCAGTGGTCAGAGTTTG-3’

						
							
							60

						
							
							55

						
					

				
			

			Real-time PCR for gene expression analysis

			RNA was isolated from the frozen tissue samples of both humans and mice employing the TRIzol reagent followed by DNase treatment using the RNase-Free DNase Set (Qiagen, catalogue #79254) to eliminate genomic DNA. 1 µg of the isolated RNA was then reversely transcribed into cDNA under sterile conditions using the oligo dT primers by RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific catalogue #4368814), according to the manufacturer’s protocol.

			The gene specific expression primers were used for c-Met expression studies in humans and mice, given in Table II. TATA binding protein (TBP) was used as an endogenous reference control due to its consistent expression behavior in normal and cancer tissues. The 10µl reaction consisted of 5µl (1 X) SYBR dye (Thermo Fisher Scientific, catalogue # K0221), 0.35 µl (0.3 µM) upstream and downstream primer, 1µl (10ng) cDNA template, and 3.3 µl RNAase free water. The reaction was carried out as: initial denaturation at 95oC for 10 min followed by 40 cycles of PCR reaction: 95 oC denaturation for 30 sec, annealing and extension at 55oC for 45 sec. After the reaction, gene expression was quantified following Livak method (Livak and Schmittgen, 2001). Every reaction was carried out in triplicate to ensure consistent results.

			Characterization of c-MET receptor

			Immunohistochemical analysis

			Histological study including H and E staining was performed on formalin fixed paraffin embedded (FFPE) tissue section of both human and mice colon cancer. For H and E staining, tissue sections were first deparaffinized using xylene and rehydrated using descending concentration of alcohol (i.e., 95%, 90% and 70%). After rehydration, tissue sections were stained with hemolysin stain following washing the slides with weak acid and mild alkaline solution alternatively for better differentiation and bluing effect. Later, tissue sections were counterstained with eosin stain to visualize cellular contents of the colon cancer tissue sections under microscope. 

			Immunohistochemistry (IHC) was also performed for tissue sections of both humans and mice, which showed varied expression in quantitative real-time PCR (qPCR) analysis according to the defined protocol. Briefly, 3µm of FFPE tissue sections were cut with the help of a microtome, placed on a glass slide, and oven-dried overnight. 

			After deparaffinizing tissue sections, slides were exposed to 3% H2O2 for 10 min to hinder the endogenous activity. In order to recover the receptor activity, slides were placed in Tris Cl buffer (pH 9.0) for 10 min at 100oC. Tissue sections were incubated with primary anti-c-MET antibody (1:100) for 1 h at room temperature, followed by goat anti-mouse HRP conjugated secondary antibody (1:2000) for 1 h at room temperature (Lodhi et al., 2021). The reaction showed results after incubation with 1% diaminobenzidine (DAB) substrate with 3% H2O2 and images were captured using florescent microscope, Olympus BX51.

			Post-staining, slides were digitized and analyzed with Aperio ImageScope. Analysis including quantifying expression positivity, with semi-quantitative scoring (i.e., 0 to +4 scale) applied in collaboration with a histopathologist.

			Immunofluorescence

			Frozen human and mouse colon cancer tissue sections were dehydrated with different concentrations of sucrose (i.e., 5%, 10%, 20%, and 30%). These sections were embedded in OCT and stored at -20 oC. Tissue sections of around 8 µm were precisely cut on a cryostat and placed on the albumin-coated slides (Lodhi et al., 2021). Sections were placed in the humified chamber and blocked with 5% skimmed milk solution for 1 h. The slides were washed with TBS solution and incubated with primary anti-c-MET antibody (1:100) for 1 h. After primary antibody incubation, slides were washed and incubated with fluorescent-labeled secondary antibodies (FITC conjugated antibody and Texas Red labeled antibody) in 1:2000 dilution for 1 h at 37℃. Slides were observed under the fluorescent microscope’s blue and green excitation filters (Lodhi et al., 2022).

			Statistical analysis

			The SPSS (version 25.0) software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. A one-way ANOVA test was employed to study multiple groups under consideration, and an unpaired Student t-test, also known as an independent t-test, was considered for studying two groups. For analysis, an P value less than 0.05 was considered statistically significant. Pearson correlation analysis was used to study the correlation between c-MET and HGF, and a P value less than 0.01 was taken as statistically significant.

			Results

			Clinicopathological features of colon cancer subjects

			Tables III and IV show the clinicopathological features of humans and mice. In human cohort, the distribution of TNM stage (Tumor, Node, and Metastasis staging system) showed that 7 patients presented with stage I, 20 with stage II, 18 with stage III (metastatic), and 15 with stage IV cancer with a severe degree of metastasis.

			In mouse cohort, the distribution of TNM stage in group 1 showed that 4 mice developed stage I cancer while 2 mice had stage II cancer. In group 2, 3 mice progressed to stage II cancer, 3 into stage III cancer, and 4 mice developed stage IV metastatic colon cancer in total.

			Expression and prognostic significance of c-MET in human and mouse colon cancer

			Human colon cancer

			To validate the c-MET expression from clinical specimens, tissue samples were taken from primary and metastatic colon cancer patients. In metastatic colon cancer samples, cancer had spread mainly to the liver (12 samples), lung (8 samples), brain (5 samples), lymph nodes (9 samples), and peritoneum (6 samples). Real-time

			Table III. The relationship of c-MET expression with clinicopathological features in human colon cancer.

			
				
					
					
					
					
				
				
					
							
							Clinicopathologic features

						
							
							n

						
							
							F

						
							
							P value

						
					

					
							
							Gender

						
							
							
							
					

					
							
							Male

						
							
							38

						
							
							0.422

						
							
							0.519

						
					

					
							
							Female

						
							
							22

						
							
							
					

					
							
							Age

						
							
							
							
					

					
							
							˃ 60

						
							
							37

						
							
							2.273

						
							
							0.137

						
					

					
							
							≤ 60

						
							
							23

						
							
							
					

					
							
							Tissue differentiation grade

						
					

					
							
							Low

						
							
							16

						
							
							2.404

						
							
							0.131

						
					

					
							
							Medium

						
							
							29

						
							
							
					

					
							
							High

						
							
							15

						
							
							
					

					
							
							Stage

						
							
							
							
					

					
							
							I and II

						
							
							27

						
							
							4.634

						
							
							0.014

						
					

					
							
							III

						
							
							18

						
							
							
					

					
							
							IV

						
							
							15

						
							
							
					

					
							
							Metastasis

						
							
							
							
					

					
							
							With

						
							
							46

						
							
							5.810

						
							
							0.019

						
					

					
							
							Without

						
							
							14

						
							
							
					

				
			

			Table IV. The relationship of c-MET expression with clinicopathological features in induced mouse colon cancer for 6 months and 12 moths.

			
				
					
					
					
					
					
				
				
					
							
							
							
							
							After 6 months

						
							
							After 12 months

						
					

					
							
							Clinicopathologic features

						
							
							 n

						
							
							F

						
							
							P-value 

						
							
							P-value

						
					

					
							
							Gender

						
							
							
							
							
					

					
							
							Male

						
							
							4

						
							
							0.496

						
							
							0.520

						
							
							0.895

						
					

					
							
							Female

						
							
							2

						
							
							
							
					

					
							
							Tissue differentiation grade

						
					

					
							
							Low

						
							
							3

						
							
							3.718

						
							
							0.126

						
							
							0.104

						
					

					
							
							Medium

						
							
							3

						
							
							
							
					

					
							
							High

						
							
							0

						
							
							
							
					

					
							
							Stage

						
							
							
							
							
					

					
							
							I and II

						
							
							4

						
							
							1.395

						
							
							0.303

						
							
							0.040

						
					

					
							
							III

						
							
							2

						
							
							
							
					

					
							
							IV

						
							
							0

						
							
							
							
					

					
							
							Metastasis

						
							
							
							
							
					

					
							
							With

						
							
							3

						
							
							15.041

						
							
							0.018

						
							
							0.015

						
					

					
							
							Without

						
							
							3

						
							
							
							
					

				
			

			quantitative reverse transcription polymerase chain reaction (qPCR) showed that c-MET expression significantly increased in metastatic colon cancer samples with a fold change (FC) = 5.31 ± 0.87 beside primary colon cancer tissue sections, FC = 2.73 ± 0.84. While the fold change expression of HGF in the metastatic colon cancer tissue sections increased to 5.09 ± 0.76 as compared to primary colon cancer tissue sections (FC = 2.58 ± 0.93).

			To elucidate the prognostic significance of c-MET in both primary and metastatic colon cancer tissues, clinicopathological correlation of c-MET at mRNA was studied in 60 colon cancer tissue samples. Univariate analysis showed that the expression level of mRNA for c-MET positively correlated with increasing tumor stage and rate of metastasis. Multivariate analysis, on the other hand, showed that age, gender, and tumor-differentiated grade are independent prognostic factors. These findings indicated that c-MET is activated in colon cancer; its expression increases drastically with increasing stage of cancer and is an important contributor in colon cancer metastasis, mainly to the liver, lymph nodes, lungs, and peritoneum. This suggests that c-MET signaling and its targeted therapy could help suppress tumor invasion and its subsequent metastasis. 

			        Mouse colon cancer

			c-MET expression was also validated in the methyl nitroso urea-induced colon cancer mouse model, where samples were taken from both primary and metastatic colons. In metastatic colon cancer samples, cancer had spread mainly to the liver (4 samples), lung (1 sample), lymph nodes (3 samples) and peritoneum (2 samples). Real-time quantitative reverse transcription polymerase chain reaction (qPCR) showed that c-MET expression significantly increased in metastatic colon cancer samples (FC = 5.36 ± 0.27) as compared to primary colon cancer tissue sections (FC= 2.16 ± 1.03). While the fold change expression of HGF in the metastatic colon cancer tissue sections increased to 5.76 ± 0.64 as compared to primary colon cancer tissue sections (FC = 2.31 ± 1.24).

			The prognostic significance of c-MET was also elucidated in both primary and metastatic colon cancer tissues; the clinicopathological correlation of c-MET at mRNA was studied in 16 colon cancer-induced mouse tissue samples. Univariate analysis showed that the expression level of mRNA for c-MET positively correlated with increasing tumor stage and rate of metastasis. Univariate and multivariate analyses of mouse colon cancer tissue sections showed similar results aligned with human analyses, suggesting that methylnitrosourea-induced colon cancer animal models can be used to study the c-MET targeted therapy for tumor invasion and metastasis.

			Correlation between c-MET and HGF in colon cancer tissue sections

			Pearson correlation analysis assessed the correlation between c-MET and HGF in human and mouse colon cancer tissue sections. Both the genes had a positive correlation for human cancer samples (r = 0.707, p < 0.0005), as shown in Table V. The mouse cohort also showed a positive correlation between c-MET and HGF. In group 1, when the tumor was in the primary stage, both genes were positively correlated with a value of 0.344 but were not statistically significant. On the other hand, in Group 2, as cancer progressed, the correlation between c-MET and HGF became strong, with a correlation coefficient of 0.777 and p = 0.008, as shown in Table V.

			Table V. Correlation between c-MET and HGF in human colon cancer tissue samples.

			
				
					
					
					
				
				
					
							
							No of samples

						
							
							Pearson correlation

						
							
							Significance

						
					

					
							
							Human colon cancer tissue samples

						
					

					
							
							60

						
							
							0.707

						
							
							˃ 0.0005

						
					

					
							
							Induced mouse colon cancer tissue samples

						
					

					
							
							Group 1 (6 samples)

						
							
							0.344

						
							
							0.505

						
					

					
							
							Group 2 (10 samples)

						
							
							0.777

						
							
							0.008

						
					

				
			

			Expression of c-MET in colon cancer tissue using IHC

			To validate the expression of c-MET receptor protein in the tissue samples of both humans and mice, the tissue samples were subjected to both H and E staining and IHC. c-MET receptor protein was found in all the colon cancer tissue samples with varied expression levels. Figure 1 a-e shows H and E staining while section f-j shows IHC of human normal and colon cancer tissue sections. For human samples, 90% showed +2 or higher intensity expression level of c-MET receptor, as shown in Figure 1 and Table VI. Similar results were found for mouse colon cancer tissue samples, where 81.25% of tissue samples showed +2 or higher-level intensity expression for the c-MET receptor, respectively, as shown in Figure 2 and Table VI. Figure 2 section a-e shows H and E staining while section f-j shows IHC of mouse normal and colon cancer tissue sections. On the other hand, normal colon tissue sections from both humans and mice were devoid of c-MET receptor expression. The results suggest that the c-MET receptor could be a biomarker to detect colon cancer progression.

			Human and mouse colon cancer tissue sections were processed by immunofluorescence to study the tissue binding ability. The binding of FITC-conjugated secondary anti-mouse antibodies to the highly expressed c-MET receptor tissue sections, priorly conjugated with anti-c-MET antibodies, gave green fluorescence for both human and mouse colon cancer tissue sections. Red fluorescence was observed when Texas Red labeled anti-mouse secondary antibodies were used for tissue sections priorly conjugated with anti-c-MET antibodies, as discussed earlier. This is illustrated in Figures 3 and 4, representing stage 4 colon cancer for both human and mice.

			[image: ]

			Fig. 1. Expression of c-MET in human colon cancer samples through H and E and IHC staining. Mouse anti - human c-MET monoclonal antibody was used for primary staining in IHC. Florescence Microscopic examination of H and E (A-E) representing (A) normal colon tissue section, (B) stage 1 (C) stage 2, (D) stage 3, (E) stage 4 colon cancer tissue section and IHC (F-J) representing (F) normal colon tissue section, (G) stage 1 (H) stage 2, (I) stage 3, (J) stage 4 colon cancer tissue section staining samples was conducted at 40X, intensity of c-MET expression is numerically presented and their representative images relative to expression intensity are displayed accordingly. 

			[image: ]

			Fig. 2. Expression of c-MET in mouse colon cancer samples through H and E and IHC staining. Mouse anti-human c-MET monoclonal antibody was used for primary staining in IHC. Florescence Microscopic examination of H and E (A-E) representing (A) normal colon tissue section, (B) stage 1 (C) stage 2, (D) stage 3, (E) stage 4 colon cancer tissue section and IHC (F-J) representing (F) normal colon tissue section, (G) stage 1 (H) stage 2, (I) stage 3, (J) stage 4 colon cancer tissue section staining samples was conducted at 40X, intensity of c-MET expression is numerically presented and their representative images relative to expression intensity are displayed accordingly.

			Table VI. Expression of c-MET on human colon cancer tissue samples and mouse colon cancer tissue samples using IHC.

			
				
					
					
					
					
					
					
				
				
					
							
							
							Normal

						
							
							Stage 1

						
							
							Stage 2

						
							
							Stage 3

						
							
							Stage 4

						
					

					
							
							Human colon cancer tissue sections

						
					

					
							
							
							0

						
							
							+1

						
							
							+2

						
							
							+3

						
							
							+4

						
					

					
							
							
							0

						
							
							6/60

						
							
							21/60

						
							
							18/60

						
							
							15/60

						
					

					
							
							
							
							10%

						
							
							35%

						
							
							30%

						
							
							25%

						
					

					
							
							Mouse colon cancer tissue sections

						
					

					
							
							
							0

						
							
							+1

						
							
							+2

						
							
							+3

						
							
							+4

						
					

					
							
							Group 1 (6 months)

						
							
							0

						
							
							3/6

						
							
							2/6

						
							
							0

						
							
							0

						
					

					
							
							Group 2 (12 months)

						
							
							0

						
							
							0/10

						
							
							4/10

						
							
							3/10

						
							
							4/10

						
					

					
							
							
							
							3/16

						
							
							6/16

						
							
							3/16

						
							
							4/16

						
					

					
							
							
							
							18.75%

						
							
							37.5%

						
							
							18.75%

						
							
							25%

						
					

				
			

			[image: ]

			Fig. 3. Immunofluorescence analysis of human colon cancer tissue sections. (A) and (B) represents stage 4 human colon cancer tissue section. (C) represents conjugation between FITC labelled secondary antibody and c-MET antibody by green fluorescence. (D) represents conjugation between Texas Red labelled secondary antibody and c-MET antibody by red fluorescence. 

			Discussion

			CRC cancer is considered the third major contributor to deaths globally, with an increasing number of cases each year (Pennacchietti et al., 2003). Identifying certain biomarkers that help in prognosis, diagnosis, and metastatic activity is important. The c-MET gene belonging to the MET family is located on chromosome 7q21 and has 21 exons. HGF and its c-MET receptor form the c-MET/HGF axis, performs many important roles during cell growth and maintenance. c-MET receptor protein in the normal physiology of the cells is considered to be expressed at lower levels, but once activated through various signal transduction pathways, especially involved in cancer cells, its expression exponentially increases (Birchmeier et al., 2003; Raghav et al., 2016; Tang et al., 2015). In addition, the c-MET receptor protein plays a significant role in tumor budding, invasion, and metastasis, which further adds to the aggressive nature of cancer.

			[image: ]

			Fig. 4. Immunofluorescence analysis of mouse colon cancer tissue sections. (A) and (B) represents stage 4 mouse colon cancer tissue section. (C) represents conjugation between FITC labelled secondary antibody and c-MET antibody by green fluorescence. (D) represents conjugation between Texas Red labelled secondary antibody and c-MET antibody by red fluorescence.

			In the present study, qPCR was employed to evaluate the expression of c-MET and HGF in both human and mouse primary and metastatic colon cancer tissue sections. In addition, IHC was used to reaffirm the presence of c-MET receptor protein on cancerous cells and also in colon cancer tissue samples. The human cohort comprised 72 tissue samples, including 60 colon cancer tissue sections and 12 control samples. Conversely, the mouse cohort consisted of two groups (group 1 and group 2 with varied levels of colon cancer expression) with 4 control mice samples. Results from both the expression analysis procedures showed that c-MET expression had a positive correlation between clinicopathological features of cancer patients, including tumor stage and metastasis (to liver, lungs, brain, and lymph nodes), indicating that c-MET expression can be considered a substantial prognostic factor in colon cancer metastasis. High c-MET expression was observed in colon cancer tissue from both humans and mice and was directly associated with colon metastasis. Moreover, it was noted that c-MET and HGF had a positive correlation, and together, once overexpressed, it boosted tumor proliferation, invasion, and metastasis to various related organs. 

			Prior studies have reported that c-MET is linked to primary colon tumor formation, budding, and aggressiveness, but its metastasis to the liver, lung, and brain remains uncertain (Faiella et al., 2022). To elucidate the role of c-MET in colon cancer metastasis, we used qPCR analysis, which showed that c-MET expression increased significantly in metastatic colon cancer tissues compared to primary colon cancer tissue sections. It shows that c-MET higher expression in metastatic cancer increases with the increase in tumor stage and its concurrent metastasis to related organs (Kim et al., 2013; Cruz et al., 2003; Han et al., 2024; Wang et al., 2020; Wu et al., 2018; Terlecka et al., 2021). Besides availability of various markers for colon cancer identification including CK20, CDX2 and MUC1; c-MET as a proto-oncogene adds aggressiveness to the developing tumor and aids the process of metastasis. In addition, c-MET being a tyrosine kinase receptor, is a potential candidate for targeted drug delivery applications either through monoclonal antibodies, antibody drug conjugates (ADCs) or certain tyrosine kinase inhibitors.

			Immunofluorescence assays further elucidated the presence of c-MET receptor protein on both human and mouse colon cancer tissue sections using FITC and Texas Red labeled secondary antibodies. Our current study showed that targeting c-MET protein receptors could be a promising and exciting therapeutic strategy for patients with colon cancer metastasis.

			Recent research-based studies have shown that c-MET inhibitors and other antagonistic agents can be useful in blocking the c-MET signaling cascade, eventually attenuating the growth of cancer (Dong et al., 2022). In addition, recently published studies have concluded that MET signaling in lung, liver, and gastric cancer is sensitive to inhibition by using specific tyrosine kinase inhibitors (Nagatsuma et al., 2014; Kim et al., 2020; Ueno et al., 2012; García-Vilas et al., 2018a; Ginty et al., 2008a). These studies indicate that the c-MET receptor may be an important biomarker in colon cancer-targeted therapy (Sharma et al., 2024; Liu et al., 2024; Moosavi et al., 2021; Lai et al., 2021; Chang et al., 2024; Anitha et al., 2023; Yu et al., 2024). The findings from the above-mentioned studies also align with our current study, which delineates that c-MET/HGF signaling is involved in colon cancer propagation, and its overexpression leads to an increase in tumor stage and results in tumor metastasis (Bontoux et al., 2023; Liu et al., 2012a; Yao et al., 2019; Parizadeh et al., 2019). 

			In conclusion, our research indicated that the c-MET gene plays a substantial role in colon cancer propagation, invasion, and subsequent metastasis to various related organs. The c-MET/HGF axis, in addition, has been a significant contributor to tumor proliferation and aggressiveness so it can be a suitable target for targeted drug delivery and will open new and exciting opportunities for curbing metastasis and multidrug resistance in colon cancer (Mukae et al., 2020; Novoa-Díaz et al., 2022; Ji et al., 2025).

			Conclusion

			This study highlights the critical role of c-MET expression in the progression and metastasis of colon cancer, as demonstrated in both human and MNU-induced mouse models. The significant correlation between c-MET and HGF underscores their contribution to tumor invasion and proliferation, particularly in advanced stages. Diagnostic techniques, including qPCR, IHC, and protein assays, validated c-MET as a robust biomarker for identifying and characterizing colon cancer progression. These findings suggest that targeting the c-MET/HGF axis offers a promising therapeutic approach to reduce metastasis and improve treatment outcomes. This study also suggests that methyl nitroso urea-induced animal models can be the best choice for studying the targeted designed therapeutic drugs for the c-MET/HGF axis. Future research should explore population-specific therapeutic strategies to optimize colon cancer management.
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ABSTRACT

Colorectal cancer (CRC) is among the leading causes of cancer-related mortality globally, with metastasis
as a key driver of poor outcomes. In Pakistan, colon cancer is the fourth most prevalent cancer, with an

increased occurrence rate in young people. The c-MET/HGF axis plays a significant role in tumor budding, ﬁrl‘l—zrtrﬁ’rcrs—rezrd—z[rrd—zrgreed‘to the publi;
proliferation, invasion, and metastasis. This study investigates c-MET expression in human colon cancer

and methylnitrosourea (MNU)-induced mouse colon cancer models to establish its clinical significance

and therapeutic potential. Using quantitative real-time PCR (qPCR) and immunohistochemistry Key words

(IHC), ¢-MET expression was found to correlate positively with tumor stage and metastasis in both ¢-MET, Colon cancer, Targeted thefﬂp}h
human and mouse tissue samples, with significant p-values (P < 0.05). Advanced analysis, including Chemis‘[ry, qPCR

immunofluorescence, confirmed the presence of ¢c-MET receptor, highlighting its diagnostic and
therapeutic potential. Importantly, a strong correlation between ¢-MET and HGF expression (human:
Pearson correlation = 0.707, P < 0.0005) underscores the role of this axis in CRC pathogenesis. These
findings suggest that targeting c-MET may offer a promising strategy for early diagnosis and effective
treatment of colon cancer, addressing metastasis, and overcoming current therapeutic limitations.
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INTRODUCTION radiotherapy, and chemotherapy, which still secem less
efficient in targeting this silent killer, which starts to show
its signs when much damage has already been done (Cyr
etal., 2023).

In Pakistan, colon cancer is the fourth most prevalent

Colorectal cancer (CRC) is considered to be the third
major cause of death linked to cancer across the
globe (Danese and Montagnana, 2017), accounting for

approximately 10% of all cancer cases and standing as
the second leading cause of cancer-related deaths (World
Health Organization, 2023 report). The incidence of CRC
and its mortality rate in cancer patients is increasing at
an alarming rate, particularly in low and middle-income
countries. In addition, the worldwide burden of CRC is
expected to increase by more than 60%, with approximately
2.25 million new cases and 1.2 million deaths, according
to predictions for 2030 (Sung et al., 2021; Seigel ef al.,
2024; Bray et al., 2024). The death rate linked to CRC
is mainly linked to its metastasis, primarily in the liver,
lung, brain, and lymph nodes, and this accounts for one of
the momentous causes of death in patients suffering from
CRC. According to the prior literature studies, around 25%
of the patients exhibit colorectal metastasis at the time of
initial treatment, which advances to nearly 50% during
the later stages of cancer and correlates with our current
study (Nakayama ef al., 2013; Cleveland Clinic, 2022).
However, the currently available gold standard therapies
for treating CRC and its related metastasis include surgery,

cancer, with survival rates varying between 14% and 90%,
depending on the stage at diagnosis and early detection
(Ahmed et al., 2024). Recent studies have highlighted a
concerning rise in colon cancer cases among younger
individuals in the country, a trend attributed to factors
such as changing dietary habits, sedentary lifestyles,
and genetic predispositions (Rani, 2024). This shift
underscores the urgent need for increased awareness,
early screening, and preventive measures to address the
growing burden of colon cancer in Pakistan. Moreover,
the absence of population-specific diagnostic markers
and therapeutic targets limits the effectiveness of
existing approaches (National Cancer Institute, 2024).
The receptor tyrosine kinase c-Met has emerged as a
promising biomarker and therapeutic target in colon
cancer. Overexpression of c-Met is associated with tumor
growth, invasion, metastasis and aggressiveness and has

been linked to poor prognosis in CRC patients (Liu, 2015).
Hepatocyte growth factor (HGF) and its linked c-MET
receptor have tyrosine kinase activity and are significantly
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