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Introduction

Recent years, microbiota-associated aspects have been analysed in multiple disorders regarding cancers. Existing evidence pints that gut microorganisms might take part in tumour origin and therapy efficacy. Nevertheless, to date, data on faecal metabolomics in cancer patients is still strongly limited. Therefore, we aimed to analyse gut untargeted metabolome in gastrointestinal cancer patients (i.e., gastric and colorectal cancer).





Patients and methods

There were 12 patients with either gastric (n=4) or colorectal cancer (n=8) enrolled and 8 analysed (n=4 each). Stool samples were collected prior to anti-cancer treatments. Untargeted metabolomics analyses were conducted by means of mass spectrometry.





Results

A plethora of metabolites in cancer patients we analysed were noted, with higher homogenity in case of gastric cancer patients. We found that the level of Deoxyguanosine,m/z 266.091,[M-H]-, Uridine,m/z 245.075,[M+H]+, Deoxyguanosine,m/z 268.104,[M]+, 3-Indoleacetic acid,m/z 176.07,[M+H]+, Indoxyl,m/z 132.031,[M-H]-, L-Phenylalanine,m/z 164.073,[M-H]-, L-Methionine,m/z 150.058,[M+NH4]+, was significantly higher in colorectal cancer patients and Ethyl hydrogen malonate,m/z 133.031,[M+H]+ in gastric cancer.





Conclusion

The overall insights into untargeted metabolomics showed that most often higher levels of analysed metabolites were detected in colorectal cancer patients compared to gastric cancer patients. The link between gut metabolome and both local and distal metastasis might exist, however it requires confirmation in further multi-centre studies regarding larger sample size.
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1 Introduction

Microbiome and metabolome-related aspects have become objects of interest in oncology (Kaźmierczak-Siedlecka et al., 2023). The reasons are as follows: [1] Currently, it is known that some microbes are involved in development of tumour by creating dysbiotic environment and activating biochemical pathways (Rajagopala et al., 2017). There are therapeutic methods (such as prebiotics, probiotics, synbiotics, postbiotics, next-generation probiotics) which modify the composition of gut microbiome and the activity of microorganisms through for instance affecting production of metabolites and consequently leading to eubiosis restoration. However, it is still under investigation, and it requires further analysis to strengthen the possibility of usage. [2] According to some data, there is a bidirectional link between gut microbiome and drugs (also anti-cancer agents). These interactions are described as pharmacomicrobiomics (Ting et al., 2022). Basis on this bidirectional communications may provide personalized and more effective anti-cancer management. [3] Microbiome profile and metabolomic signature may be considered as biomarkers (Wong and Yu, 2023), which can select subjects with higher risk of tumour development or to detect cancer in early stages. Therefore, it seems that there can be found many benefits from routinely analysis of gut microbiome in cancer patients and include it to screening program.

In contrast to targeted metabolomics, untargeted metabolomics is characterized by wide range of discovery, mainly hypothesis generating, comprehensive analysis, qualitative identifications and relative quantitation of small molecules in sample (Schrimpe-Rutledge et al., 2016). In the level of metabolomics, small molecules are characterized from many types of samples, such as stool, urine, serum, cell extracts, and others. Considering metabolomics it should be emphasized that there are different methods of both separation and detection. Notably, it seems that metabolomics analysis based on mass spectrometry is one of the most significant technology allowing to detect and identify small molecules which are produced by gut microbiota (Bauermeister et al., 2022).

As it was previously mentioned, the imbalance of gut microbiota composition and changes of microbiota-derived metabolites are observed in gastrointestinal cancer patients (Kaźmierczak-Siedlecka et al., 2023; Ohigashi et al., 2013; Tong et al., 2021; Yang et al., 2022; Dai et al., 2021). Recently, in Kaźmierczak-Siedlecka et al. study it was shown that microbiota-derived metabolites based on the proportion between acetate, proprionate, and butyrate is changed in colorectal cancer patients in preoperative period (Kaźmierczak-Siedlecka et al., 2023). Untargeted metabolomics seems to be extremely significant in oncology due to the fact that it allows to collect data without pre-existing knowledge (Schrimpe-Rutledge et al., 2016). It is noteworthy that anti-cancer treatment (such as surgery, chemotherapy, radiotherapy) affects gut microbiome and metabolome-related aspects and vice-versa. Therefore, the aim of this study was to analyse untargeted metabolomics in patients with gastrointestinal cancers (i.e. gastric cancer and colorectal cancer) prior to the introduction of anti-cancer treatment. It allows to obtain more precise data without the potential influence of above mentioned treatment. Moreover, the comparison of untargeted metabolomics in case of gastric and colorectal cancer has been investigated.




2 Patients and methods

Participants (n=12) were recruited in Department of Surgical Oncology (Medical University of Gdansk) and Unit of Surgery with Unit of Surgery with Unit of Oncological Surgery, Specialist Hospital in Koscierzyna, Poland. Inclusion criteria were age ≥18 yr., patients with diagnosed gastric/colorectal cancer prior to the introduction of anti-cancer treatment, written consent to take part in this study. Exclusion criteria included age <18 yr., patients with gastric/colorectal cancer who were under anti-cancer treatment. The stool samples (at least 4 g) were collected after confirming of diagnosis and before introduction of anti-cancer treatment. The stool samples were taken by own patients, placed in sterile tube, and then provided to researchers as soon as possible. Next, they were stored in -80°C in the Fahrenheit Biobank BBMRI.pl, Medical University of Gdansk, until conduction of untargeted metabolomics analysis according to the well-established protocol at Sanprobi Sp. z o. o. The study protocol has been approved by the Independent Bioethics Committee for Scientific Research at the Medical University of Gdansk (identifiers: NKBBN/129/2021, NKBBN/428/2022, KB/428-314/2023).



2.1 Preparation of material for analysis

Briefly, 500 µl of a mixture of methanol, water and acetonitrile in the proportions of 50:25:25 v/v/v with the addition of deuterated internal standards was added to 60 mg of feces. Then, the samples were shaken at 2000 rpm at 4°C for 30 min. to dissolve the metabolites in the solution and precipitate the proteins. In the next step, the samples were centrifuged for 4 minutes at a speed of 4000 rpm and at a temperature of 4°C. After the samples were centrifuged, the supernatant was decanted to the chromatography tubes through a 0.22 μm syringe filter. The samples were subsequently analysed on the same day by a liquid chromatography–mass spectrometry. QC samples were prepared by mixing test samples in equal proportions and prepared in the same way as the test samples.




2.2 Liquid chromatography-mass spectrometry analysis

The analysis was carried out on an ExionLC liquid chromatograph equipped with a binary pump, autosampler, and column thermostat coupled with a Triple TOF 6600+ mass spectrometer (Sciex, Framingham, MA, USA). The separation was carried out on a Phenomenex Luna® Omega 1.6μm polar C18 150 x 2.1mm column for 45 min in gradient separation. The mobile phases were: Phase A – Water with 10mM ammonium acetate, Phase B - acetonitrile with 0.1% formic acid. The column injection was 2μl and the column temperature was 20°C. The phase flow was 0.2 ml/min. Spectral analysis was performed in the positive ion mode with a capillary voltage of 5500 V, Curtain gas (CUR) was 25 psi, Ion source gas 1 (GS1) 45 psi, Ion source gas 2 (GS2) 60 psi and the ion source temperature was 400°C and the mode negative ions at a capillary voltage of 4500 V, Curtain gas (CUR) was 25 psi, Ion source gas 1 (GS1) 45 psi, Ion source gas 2 (GS2) 60 psi and the ion source temperature was 350°C. Spectrometer collected spectral data in SWATH mode.




2.3 Analysis of the results and statistical analysis

The obtained spectral spectra were analysed and matched to reference spectra contained in the SCIEX All-In-One HR-MS/MS, NIST and own databases using SCIEX OS software. In the next step, based on the results obtained and the identification of metabolites present in the tested samples, a file was created in Microsoft Excel 2019 PL (Poland) for statistical analysis and data visualization on the Metaboanalyst platform (https://www.metaboanalyst.ca/). The t-test and fold change >2 were used to determine differences between the study groups. The statistical analysis was conducted using above mentioned Microsoft Excel 2019 PL (Poland) and STATISTICA version 13.0.





3 Results

This study included 12 patients (n=8 – colorectal cancer, n=4 – gastric cancer). The basic characteristics of these participants is as follows: the median age – 61.78 ± 11.50 years, the median Body Mass Index (BMI) – 29 ± 1.41 kg/m2, the most commonly co-existing disease – hypertension. Among these patients, 4 were excluded due to incomplete data regarding tumour characteristics. Therefore, the analysis is based on 2 groups: first including gastric cancer patients (n=4) and second regarding colorectal cancer patients (n=4) (Table 1).


Table 1 | Characteristics of patients according to the tumour types.



The analysis of stool samples revealed the occurrence of wide range of metabolites in gastric and colorectal cancer patients (Table 2).


Table 2 | Metabolites identified in analysed stool samples of gastric and colorectal cancer patients.



The metabolic profile of analysed stool samples varies, especially in case of colorectal cancer patients (Figure 1). These differences can be caused by variability of either types of tumours or tumours anatomical localisation. There is higher grouping in case of gastric cancer, which confirms more homogeneous metabolic profile comparing to the analysed group of colorectal cancer. Moreover, in Figure 1 there are subgroups (in gastric cancer) created by Sample_1G and Sample_3G, Sample_4G and Sample_N2G, which show similar characteristics in these subgroups.




Figure 1 | Figure PLS_DA – the comparing analysed groups – gastric cancer [SC] and colorectal cancer [CRC]. SC, stomach cancer; CRC, colorectal cancer.



The occurrence of metabolites, which varied in both analysed groups, is presented in Figure 2. The metabolites, which significantly varied colorectal cancer and gastric cancer are placed in Figure 2 with blue and red colours and next they are precisely analysed and presented in Figure 3.




Figure 2 | Volcano plot presenting metabolites varied groups of gastric cancer [SC] and colorectal cancer [CRC]. Significance parameters: p<0.1; FC > 2.






Figure 3 | The levels of metabolites among SC and CRC.



The comparison of the levels of particular metabolites detected in colorectal cancer patients and gastric cancer has been presented in Figure 3. Considering 25 metabolites (Figure 3), it is observed that higher level of them are mostly noted in colorectal cancer patients compared to the gastric cancer (21 metabolites vs. 4 metabolites, respectively). For instance, the levels of L- Leucine, L- tryptophan, L-Phenylalanine are higher in colorectal cancer than in gastric cancer. Moreover, considering extremely precise statistical condition, the statistically significant difference (p<0.05 and FC – 2) between analysed groups were found in case of Deoxyguanosine,m/z 266.091,[M-H]-, Uridine,m/z 245.075,[M+H]+, Deoxyguanosine,m/z 268.104,[M]+, 3-Indoleacetic acid,m/z 176.07,[M+H]+, Indoxyl,m/z 132.031,[M-H]-, L-Phenylalanine,m/z 164.073,[M-H]-, L-Methionine,m/z 150.058,[M+NH4]+, Ethyl hydrogen malonate,m/z 133.031,[M+H]+.




4 Discussion

Molecular diagnosis of cancer based on metabolomics can be promising in near future (Cheung et al., 2019). Metabolomic data may be used as biomarkers allowing to detect several cancers, such as oesophageal, gastric, pancreatic, bladder, lung, thyroid, and others (Wang et al., 2022; Yang et al., 2022). Different metabolites/metabolic pathways/metabolism may provide a signature which is specific for diseases/conditions. For instance, in a study by Yang et al., it was noted that glycophospholipid metabolism is related to both tumorigenesis and progression of oesophageal squamous cell carcinoma (ESCC) and that may be therapeutic target in ESCC progression (Yang et al., 2022). Hang et al. reported that untargeted plasma metabolomics can serve as a potential risk prediction of hepatocellular carcinoma (Hang et al., 2022). The aspects of untargeted metabolomics can be also useful in case of other digestive cancers. Plasma metabolomic signatures in precancerous gastric lesions progressing to cancer were identified in a study by Huang et al. (2021). Notably, six plasma metabolites were related to the both overall risk of gastric cancer and early gastric cancer whereas three of these metabolites, such as α-linolenic acid, linoleic acid, palmitic acid were associated with the prediction of risk of gastric lesion progression and early gastric cancer. In another study untargeted metabolome was also analysed in case of gastric cancer (Yu et al., 2021). Serum samples were taken from patients with chronic gastritis/gastric cancer. It was shown that lipid metabolism may affect the development of chronic gastritis to gastric cancer; moreover, hexadecasphinganine, linoleamide, and N-Hydroxy arachidonoyl amine were assessed as diagnostic markers for both chronic gastritis and gastric cancer (Yu et al., 2021). In the current study, we also investigated gut metabolome in cancer patients, but from stool samples. The overall insights showed that higher level of analysed metabolites was mostly noted in colorectal cancer patients compared to gastric cancer patients. For instance, in case of indole-3-acetic acid and tryptophan, the levels are higher in colorectal cancer than in gastric cancer. Indole-3-acetic acid is a tryptophan metabolite produced by gut microbiota according to the following pathway in intestinal epithelial cells: (1) ingested dietary protein, (2) tryptophan, (3) intestinal microbiota, (4) indole-3-acetic acid (Seo and Wargo, 2023; Tomii et al., 2023). This result can be associated with different overall characteristics of gut microbiota in particular types of cancer, i.e. gastric and colorectal cancer. In the current study, it was observed that the level of L-phenylalanine was also higher in colorectal cancer compared to gastric cancer. In previously published data it was reported that some amino-acids including phenylalanine may be considered as a biomarkers in colorectal cancer patients (Hashim et al., 2019). Recently, Chen et al. (2022) presented that gut microbiome-associated serum metabolites can be used to detect colorectal cancer (Chen et al., 2022).

In the current study, it was observed higher grouping in case of gastric cancer in comparison to colorectal cancer, which confirms more homogeneous metabolic profile in gastric cancer patients. Moreover, on Scores Plot analysis there were created two subgroups in case of gastric cancer, such as Sample_1G and Sample_3G, Sample_4G and Sample_N2G. It may suggest similar characteristics in these two subgroups. Notably, the first subgroup created by Sample_1G and Sample_3G regards gastric cancer with similar TNM assessment (i.e. Sample_1G: T3N0M0, Sample_3G: T3N1M0). TNM tool is used to assess as follows: T – tumour, N – nodes (involvement of lymph nodes), and M – metastasis (Piñeros et al., 2019). The link between untargeted metabolomics in gastric cancer and both local and distal metastasis may exist, however it requires confirmation with larger sample size. In the current study, it was demonstrated that the metabolic profile of colorectal cancer patients is varied. It can be associated with different localisation of tumours – there are four cases analysed, i.e. sigmoid-rectal cancer, sigmoid colon cancer, rectal cancer, and ascending colon cancer.




5 Limitations and future directions

This study has been some limitations. First of all, the study was conducted with relatively small sample size. However, it is treated as preliminary results to present basic characteristics of untargeted metabolomics in gastric and colorectal cancer patients as well as to find the directions prior to the next study (KB/428-526/2023, Medical University of Gdansk, Gdansk, Poland) in which we analyse the impact of anti-cancer treatment regarding chemotherapy and radiotherapy on untargeted metabolomics aspects. This project is currently ongoing in cooperation with multi-disciplinary team of both oncologists and oncological surgeons. It is also recommended to investigate untargeted metabolomics among patients with similar both stage and grade of the cancers, nevertheless it might be challenging to collect stool samples with larger sample size. However, it would provide promising strategy to be included in clinical aspects. Metabolomics-based biomarkers might provide earlier detection of cancers allowing to complete resection of tumour. Moreover, metabolomics-related techniques can be attractive due to the fact that they are non-invasive and relatively low cost.




6 Conclusions

The aspect of untargeted metabolomics is a new area, which can be considered in oncology. Notably, the results presented in the current study were obtained prior to the introduction of anti-cancer management, such as surgical treatment. The overall insights into untargeted metabolomics showed that most often higher levels of analysed metabolites were detected in colorectal cancer patients compared to gastric cancer patients. It can be related to the different activity of gut microbiome in particular types of gastrointestinal cancer. Additionally, it was observed a higher grouping in case of gastric cancer comparing to colorectal cancer, which confirms more homogeneous metabolic profile in this cancer. The link between untargeted metabolomics in gastric cancer and both local and distal metastasis may exist, but it requires confirmation in further multi-centre studies regarding larger sample size.
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