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Microplastic (MP) pollution is increasingly acknowledged as a critical environmental and public
health issue. This study sought to establish a robust, clinically compatible method for detecting MP
particles in deparaffinized formalin-fixed paraffin-embedded (FFPE) human colon tissue sections,
using protocols compatible with routine clinical pathology. We employed mid-infrared photothermal
(MIP) microscopy—also referred to as optical photothermal infrared (OPTIR) spectroscopy—as a
non-destructive, high-resolution technique for chemical characterization and spatial mapping of
polymer particles in intact FFPE samples. Following OPTIR analysis, identical sections underwent
hematoxylin and eosin (H&E) staining to facilitate precise histopathological evaluation in defined
regions of interest. Using this integrated workflow, we detected and localized polyethylene (PE),
polystyrene (PS), and polyethylene terephthalate (PET) particles (21 PE particles, 1 PS particle, and
1 PET fiber) within distinct tissue areas. Subsequent histological assessment revealed characteristic
inflammatory features near to these identified MP particles. To our knowledge, this represents the
first demonstration of a diagnostic workflow that enables combined infrared spectroscopic and
histopathological analysis of MPs in routinely processed human FFPE tissue. This approach offers a
promising avenue to elucidate the role of microplastic accumulation in human disease and supports
further investigation into potential mechanistic links between MP exposure and inflammatory
processes in the colon.
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Microplastics (MPs), defined as plastic particles smaller than five millimeters, have been identified across a
broad spectrum of environmental compartments, including marine and freshwater systems, soil, and the
atmosphere! ™. Their pervasive distribution has heightened concerns about potential implications for human
health®”’. Emerging evidence suggests that diverse MP types can enter the human body through ingestion or
inhalation and may accumulate within various organs®%.

Polyethylene (PE), polystyrene (PS), and polyethylene terephthalate (PET) are commonly used plastics for
food and beverage packaging®® and pose several potential threats to human health, particularly due to their
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chemical composition and the way they are used or disposed of. While the risks vary depending on exposure
levels and individual susceptibility®!, the potential health impacts of these plastics are significant, especially
in contexts of prolonged or high-level exposure. They can release harmful chemicals, especially when heated
or degraded. PS can leach styrene, a possible carcinogen that may cause nervous system effects, irritation,
and other health issues®>*. PE, though generally considered safer, can release additives or byproducts during
manufacturing or when exposed to heat>*. As PE and PS degrade, they break down into MP particles, which can
be ingested through food, water, and air, leading to potential health risks such as inflammation, oxidative stress,
and disruption of cellular processes*>~38. Further (indirect) health impacts can occur through accumulation of
PE and PS in the environment, particularly in oceans, contaminating food sources, such as particularly seafood,
introducing toxins into the food chain. Generally regarded as safe for food contact®, PET raises concerns when
degraded into MP particles entering the human body?>**. Studies suggest that PET can carry harmful chemicals
like antimony®**°. While there is no conclusive evidence of serious health effects from PET exposure in typical
use, the potential for chemical leaching and long-term health risks remains a topic of ongoing research.

Despite growing concerns about the potential health risks of such MP particles, studying their direct effects
on the human body remains a challenge. In particular, it is difficult to detect and localize MP particles in
human tissue taken as part of routine medical examinations, such as it is the case for formalin-fixed paraffin-
embedded tissue (FFPE) used for histopathological analysis and reporting. The tiny size of the particles, their
chemical composition and the limited sensitivity of current analytical methods make detection — without losing
information about the exact position — difficult, further complicating research into their long-term health effects.

Infrared spectroscopy is a widely used label-free and non-destructive technique to obtain qualitative and
quantitative information of organic and inorganic samples. The mid-infrared (MIR) part of the infrared spectrum
is here of particular interest as it provides a (bio-)chemical fingerprint and therefore allows characterization
and discrimination of biological structures such as lipids, DNA and proteins, e.g., to distinguish diseased from
healthy sections**2. Furthermore, MIR spectroscopy can be used to detect and identify (M)P particles due to
their unique chemical compositions. Due to technological limitations of established MIR spectroscopy methods,
the current standard procedure for that kind of analysis involves the chemical or enzymatic digestion of the
entire tissue sample to remove any biological components. After filtration of the solution, the remaining (M)P
particles are collected on a suitable filter for spectroscopic characterization®1719-2°. However, tissue digestion
results in the complete loss of tissue architecture and hence spatial information of accumulated (M)P particles.
However, for deeper clinical insight on uptake and accumulation of MPs, it is crucial to identify the precise
spatial particle distribution in the respective tissues. To meet this urgent technical need, the recently introduced
optical photothermal infrared (OPTIR) spectroscopy technique was employed on deparaffinized human
colon samples. OPTIR spectroscopy is characterized by a series of advances compared to conventional MIR
spectroscopy methods, among them a significantly improved lateral resolution (~ 500 nm) beyond the classical
infrared diffraction limit, the ability to measure in reflection geometry on standard glass sample carriers and the
absence of spectral artifacts, which are particularly challenging when small structures are investigated*>.

The primary objective of this study was to develop and validate a robust method for detecting microplastic
(MP) particles in formalin-fixed paraffin-embedded (FFPE) human colon tissue sections, using polyethylene
(PE), polystyrene (PS), and polyethylene terephthalate (PET) as representative target polymers commonly
associated with food and beverage packaging®. To inform spectroscopic analysis, haematoxylin and eosin
(H&E)-stained sections were evaluated in a blinded manner. Regions of interest were defined based on
established criteria®*, allowing for targeted, high-resolution, and label-free detection of MPs using optical
photothermal infrared (OPTIR) spectroscopy. Specific methodological objectives included the refinement of
tissue preparation protocols and the application of OPTIR for precise chemical characterization and spatial
localization of MPs within intact histological sections.

Materials and methods
Sample collection and preparation
The three FFPE colon tissue samples used in this study were obtained from routine surgical resections performed
for inflammatory, non-neoplastic indications. Tissue blocks were selected from morphologically unremarkable
areas, distant from any pathological lesions. Samples underwent standard paraffinization work-up to ensure
routine histopathological examination and reporting. For this, the samples were fixed in 10% formalin for 24-
48 h. Following fixation, the tissues were dehydrated through a graded series of ethanol solutions, cleared in
xylene, and embedded in paraffin blocks. Ethical approval for the study was obtained from the institutional
review board (‘Ethikkommission’ of the Medical University of Vienna, protocol no. 1003/2024) and informed
consent was waived off. All methods were carried out in accordance with relevant guidelines and regulations.
For MP analysis, sections of 5 im thickness were cut from paraffin blocks using a microtome and mounted on
both standard glass (for OPTIR analysis) and low-e (for laser direct infrared (LDIR) imaging analysis) microscope
slides. To limit signal reduction and hence spectral characteristics of tissue samples®®, deparaffinization was
performed according to an established protocol*®: In short, slides were first heated to melt the paraffin. After
rehydration through graded isopropyl alcohol solutions, the slides were first analysed with infrared spectroscopy
(OPTIR and/or LDIR) and then stained with hematoxylin and eosin (H&E staining). Partial dehydration was
done before eosin application, and the slides were mounted with aqueous glycerol and sealed with nail polish.

Optical photothermal infrared (OPTIR) spectroscopy

For the acquisition of infrared spectra an OPTIR system (mIRage + R, Photothermal Spectroscopy Corp., USA)
was employed. The OPTIR technique utilizes a pump-probe approach where the material-dependent spectral
absorption of a mid-infrared laser induces a photothermal effect that is read out by a visible laser. The system
uses a widely tunable MIR quantum cascade laser (QCL) to locally excite a sample. When the sample absorbs a
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photon of a specific MIR wavelength, different photothermal effects are triggered (expansion, refractive index
change). A second readout laser (532 nm) then probes the photothermal effects, allowing for the detection of
the smallest changes®. Selectivity is obtained by the wavelength selective measurement, whereas sensitivity is
obtained by the signal strength, which correlates with the amount of substance present. This approach overcomes
the infrared diffraction limit and achieves a spatial resolution improved by a factor of ~ 30 when compared to
conventional FTIR microscopes?. Thus, small structures such as MP particles embedded in complex tissues
can be resolved in the submicron range (~ 500 nm). For selected samples, additional large-area overview scans
at standard infrared resolution limits using laser direct infrared (LDIR) imaging were performed (8700 LDIR
Chemical Imaging System, Agilent Technologies, USA). The purpose of these measurements was a faster
recognition of larger MP structures (e.g., polymer fibers). Both OPTIR and LDIR were tailored precisely for
application to deparaffinized sections.

Workflow for Spatial localization and chemical identification of microplastic particles

To allow for a clear spatial identification of MP particles, an optimized spectroscopic workflow was elaborated by
exemplarily focusing on PE particles (Fig. 1). The visible image shows the standard optical microscope image of
the sample. The chemical images “tissue” and “PE” are derived from the measured infrared absorption at specific
wavelengths that are known to be characteristic for tissue and PE, respectively. In this study, the presence of
tissue is visualized by generating chemical images derived from the intensity of the amide I band (1660 cm™!),
as it is a characteristic marker for proteins and organic tissue. In contrast, chemical imaging for the detection of
MPs is conducted at a polymer specific wavelength (e.g., represented by the C-H stretching vibration of PE at
2855 cm™!). The final step of image processing is illustrated in the chemical image “PE/tissue”, where the ratio
of the chemical image intensities of PE and tissue is calculated. The effect of this approach can be interpreted
as background normalization. While distinct structures are not recognizable in the single chemical images, the
here conducted ratio calculation effectively highlights three PE particles. As demonstrated in subsequent figures,
this technique is well suited to distinctly differentiate polymer structures from the surrounding tissue, based on
the spectral information obtained at characteristic wavenumbers (= inverse wavelength).

After implementing these technical optimizations, the following “optimized” workflow was defined for the
detection of MP particles:

1. Acquisition of visible images of the entire tissue section using the internal optical microscope of the OPTIR
system.

2. Selection of distinct regions of interest (region I - mucosa, region II - muscularis, region III - serosa) in the
respective colon tissue sections (Fig. 2).

3. Chemical Analysis of each region and identification of suspicious particles based on a 2D image recorded at
characteristic wavenumbers targeting the polymer type of interest.

4. Validation of the identified PE, PS and/or PET particles based on their characteristic spectral fingerprint
(unveiling the chemical nature of the distinct particles by recording full spectra).

The acquisition time for such a chemical image is strongly influenced by the desired spatial resolution and
the total number of pixels. It can vary substantially depending on the chosen measurement parameters. As an
illustrative example, acquiring an image with dimensions of 100 x 100 pixels with a step size of 0.1 pm requires
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Fig. 1. Elaboration of a spectroscopic workflow for optimized MP particle detection. (a) The visible image
(VIS) represents the standard optical microscope image of unstained tissue; (b) The “tissue’-image shows a
chemical image (wavenumber 1660 cm™!); (c) the “PE”-image shows a chemical image (wavenumber 2855
cm™!) characteristic for the polymer of interest (here: PE). (d) Final step: “PE/tissue”-image, calculated as the
ratio of “PE”- and “tissue”-image, resulting in a clear identification of PE particles at three different positions
within the section/region of interest.
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Fig. 2. Regions of interest for the exact spatial localization of MP particles. Three regions were defined: region
I - mucosa, region II - muscularis and region III - serosa. Since particles are suspected to be absorbed via the
mucosa, the primary focus was set to region I and II, which were then analogously inspected for suspicious
particles.

approximately 45 s. Of note, this workflow is highly versatile and can be adapted to detect any polymer type by
simply modifying the selected target wavenumbers in step 3.

Histopathological analysis

Histological evaluation was conducted on hematoxylin and eosin (H&E)-stained colon sections to delineate
regions of interest for subsequent optical photothermal infrared (OPTIR) analysis. Evaluation was carried out by
L.K.,aboard-certified pathologist with over 20 years of experience in human pathology, including gastrointestinal
diseases. All evaluations were performed in a blinded manner following standardized criteria adapted from
Crnéec et al.**. Histological parameters, including the extent of inflammatory cell infiltration, alterations in
crypt architecture alterations, and the presence of ulcerations were examined. Regions exhibiting prominent
histopathological changes—such as increased inflammatory infiltrates, crypt damage, or mucosal erosion—were
identified and designated as regions of interest. These predefined areas subsequently guided OPTIR spectroscopy
measurements, enabling precise spatial correlation between morphological tissue alterations and the presence
of microplastic particles. All evaluations were performed under uniform staining conditions and representative
areas were selected to minimize sampling bias.

Results
Three human colon sections (sample 1, sample 2 and sample 3) were analysed individually in this study using
the optimized workflow described in the experimental section. This approach facilitated the unambiguous
identification of MP particles in deparaffinized clinical routine samples. In this section, we validate these
reported findings through chemical imaging at characteristic wavenumbers and acquisition of full spectral data.
Additionally, we examine the potential influence of residual paraffin on the results and provide an exemplary
region from sample 1 (H&E-stained), demonstrating signs of inflammation in close proximity to MP particles.
Using the established OPTIR workflow, three different types of microplastic particles—polyethylene (PE),
polystyrene (PS), and polyethylene terephthalate (PET)—were detected in FFPE colon tissue sections. In sample
1, atotal of 21 predominantly spherical PE particles (approximately 3—-6 pum in size) were identified in two distinct
regions: 13 in region I and 8 in region II. In sample 2, a single PS particle was detected, and in sample 3, one
PET fibre was identified. The spectroscopic profiles of all particles showed high concordance with corresponding
reference spectra, confirming their chemical identity.

Impact of paraffin residues on spectral analysis

Clinical tissue samples are typically embedded in FFPE blocks to ensure long-term preservation. As part of the
standard workflow, sample deparaffinization is performed prior to further analyses. This step is also critical
for OPTIR measurements, as paraffin or polyisobutylene can substantially attenuate signals from underlying
substances, significantly obscuring the spectral characteristics of the embedded tissue . Residual paraffin or
polyisobutylene remaining sample preparation*>* may interfere with MP particle identification within tissue
sections. Figure 3 illustrates how minor residues of paraffin and polyisobutylene persist on the sample slide
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Fig. 3. Example of material residues on a tissue slide after deparaffinization and discrimination from MP
particles by exploiting characteristic spectral features. Residues of (a) polyisobutylene (green arrow) and
(b) paraffin (blue arrow) that challenge the identification of MP particles. (c) One specific band, centered

at wavenumber 2959 cm™ ! can be used to clearly discriminate paraffin and PE, a common MP polymer. In
contrast, polyisobutylene exhibits a spectral signature that can be clearly differentiated from that of paraffin,
indicating that the presence of polyisobutylene does not interfere with the detection of PE.

adjacent to the tissue sections. In particular, the spectral discrimination between PE and paraffin is challenging,
given that their infrared spectra exhibit only subtle differences compared to other polymer types. Nevertheless,
the band at 2959 cm, indicated by a dashed line in Fig. 3¢, ultimately enabled clear differentiation between the
different PE and paraffin.

Identification and localization of polyethylene (PE) and polystyrene (PS) particles

Figure 4a exemplifies the detection and identification of PE particles in region II of sample 1. As demonstrated,
we achieved precise localization of MP particles within organic tissue using single-wavelength scans. For
validation, full spectral analysis of the detected particles confirmed the characteristic chemical fingerprint of
PE and delineated the amide I and amide II bands indicative of tissue. Notably, both amide bands exhibited a
spectral shift relative to the adjacent tissue (amide I from 1660 cm™* to 1645 cm™! and amide II from 1545 cm™!
to 1563 cm™ 1), suggesting potential PE-tissue interactions or alterations. To further substantiate the identification
of the plastic type as PE, we performed a detailed comparison of signal intensities in the C-H fingerprint region:
discrimination of PE from polyamide was achieved by demonstrating significantly higher intensities for PE
(2853 cm™! and 2923 cm™!) compared to polyamide (2861 cm™! and 2929 cm™!)L.

Figure 4b highlights the observation of an isolated PS particle (approximately 10 pm in size), detected in
region I of sample 2. The differences between the ratio plots for PS and PE (Fig. 4b) are less pronounced than
those used to validate PE particles (Fig. 4a). This is attributed to the non-zero absorption of PS at 2855 cm™
(visible in the plotted PS spectrum), which contributes to signals appearing in the PE ratio, as the wavenumber
2855 cm™ is employed in this ratio plot. However, PS can be distinctly identified via direct comparison of the
calculated ratio plots. This example clearly illustrates a limitation of pure ratio plots, thus full spectral analysis
of the sample of interest is recommended to obtain comprehensive chemical information. Detailed analysis of
the individual PS MP particle further revealed well-defined amide bands without any spectral shift (amide I
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Fig. 4. Representative detection and validation of polyethylene (PE), and polystyrene (PS) particles in FFPE
human colon tissue using OPTIR spectroscopy. (a) Visible image of region II (muscularis) in sample 1 showing
the area where PE particles (~4 pum) are identified. Bright spots are observed in the corresponding chemical
ratio image for PE (wavenumber ratio 2855/1660 cm™!), whereas the ratio image for PS (wavenumber ratio
1455/1660 cm™!) serves as a negative control; subsequent full spectral analysis at the detected points revealed
a strong correlation with the characteristic PE bands, observed at wavenumbers 2923 cm™!, 2855 cm™! and
1467 cm™! of a native PE reference sample. (b) Analysis of region I (mucosa) of sample 2, similar to Fig. 4a.
Identification of a single PS particle using vibrational bands indicative for PS (correlation with native sample
spectrum at characteristic wavenumbers 1602 cm™?, 1495 cm™! and 1455 cm™!) and amide (notably at

1660 cm™ and 1545 cm™), supporting the particle’s localization within biological tissue. The spectral signature
shown here for PE and PS particles, mixed with characteristic amide bands confirm the presence of embedded
plastic material.

band at 1660 cm™!, amide II band at 1545 cm™'). However, a significant difference was observed in the form of
a prominent band at 1735 cm™!, which is not present in the reference spectrum of native PS. Consequently, this
band may originate from chemical modification of the particle, or alternatively, it may reflect the presence of
lipids adsorbed onto the particle.

Identification and localization of a polyethylene terephthalate (PET) fiber

Figure 5 illustrates a PET-based fiber (approximately 1000 um x 13 pm) identified within region I of sample 3.
The ratio plot indicative of PET clearly delineates the position of the detected fiber and demonstrates embedding
within the tissue matrix. Upon closer examination using the high-resolution chemical image in Fig. 5b,
variations in signal intensities are observed at multiple locations along the fiber. Full spectral analysis of these
specific regions revealed partial incorporation of the fiber into the surrounding tissue matrix®?, as evidenced by
the presence of the characteristic signals for both PET and tissue within the recorded spectra at these respective
locations.

Inflammatory lesions in colon tissue detected by H&E staining

We investigated potential correlations between the presence of microplastic particles and histopathological signs
of inflammation. The H&E-stained tissue sections revealed the spatial distribution of MPs in close association
with characteristic inflammatory features (Fig. 6). In particular, MPs were localized near focal, patchy lesions,
characterized by lymphocytic infiltration selectively affecting certain regions while sparing others, resembling
patterns seen in colitis. In addition, MPs were identified in regions exhibiting thickening of the muscularis
propria, where we also noted significant neural hyperplasia, characterized by an increased number and size of
nerve bundles. These features - patchy chronic inflammation, transmural thickening, and neural hyperplasia
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Fig. 5. Representative detection and validation of polyethylene terephthalate (PET) fiber-based fragment in
FFPE human colon tissue using LDIR and OPTIR spectroscopy. (a) Chemical image (recorded at wavenumber
1660 cm™!) of sample 3 provides an overview of the entire cross-section (LDIR, 3 pm resolution). Subsequent
chemical imaging of a defined area with higher spatial resolution (LDIR, 1 um resolution) results in a clear
visualization of the fiber. The calculated ratio image (wavenumber 1730/1660 cm™!) strongly indicates that the
PET fiber is embedded within the tissue matrix. (b) The chemical image overlay (1660 cm™! and 1730 cm™!)
reveals the distinct spatial distribution of the fiber, tissue material, and areas where the fiber is fully embedded.
Full spectral analysis at each point is presented in the spectral fingerprint region (OPTIR, 500 nm resolution).

observed in the proximity to MPs - may suggest a potential association between MP exposure and colonic
inflammatory processes.

Discussion

According to the documented accumulation of MP particles in human tissues®%°, the need for research into
their potential health risks is of paramount importance. OPTIR, a novel non-contact spectroscopic technique,
is particularly well suited for chemical imaging of soft tissues. This non-destructive method preserves tissue
architecture, enabling subsequent histopathological analyses critical for understanding the clinical impact of
MP accumulation, without the need for specialized substrates or sample preparation, maintaining standardized
protocols already well integrated into clinical workflows. For more robust analyses, an automated method for
quantitative particle assessment remains to be developed. As demonstrated in the recorded infrared spectra,
this approach is also influenced by the chemical composition of the surrounding tissue. By contrast, methods
involving tissue digestion®!71*=2? eliminate this effect yield clearer polymer spectra. The strong presence of
amide bands I and II, indicative of biological components, results in a mixed spectrum of tissue and polymer,
complicating precise chemical identification. Furthermore, alterations in the polymer composition induced by
environmental exposure or chemical agents used for tissue fixation represent critical factors in the identification
process. Polymer degradation may lead to the emergence of new spectral peaks, peak shifts, or the loss of
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Fig. 6. H&E analysis. (a). Optical image of sample 1 in region IT (muscularis) and a partial overlay with the
corresponding H&E image. (b) Magnified view of the H&E stained region where PE particles were found
and verified via chemical image analysis. (c) Optical image of sample 1 in region I (mucosa) and a partial
overlay with the corresponding H&E image. (d) Depicts a magnified view of the H&E stained region; an
isolated PE particle found in that region and verified by chemical analysis is indicated with a blue arrow. The
corresponding spectrum of this particle is shown as inset.

characteristic signals. Given that the tissue sections investigated are untreated samples, no information is
available regarding the origin or age of these particles, which may account for minor spectral variations observed
relative to reference spectra.

Our results demonstrate a significant association between the presence of MPs and characteristic
histopathological features of colitis. These histomorphologic alterations suggest that MPs may contribute to the
induction of inflammatory processes.

This study is limited by the small number of analysed samples (n=3), which constrains the ability to
generalize the findings. However, as a proof-of-concept investigation, the primary goal was to demonstrate
the feasibility of applying OPTIR spectroscopy to routinely processed FFPE human tissues for the detection
and spatial localization of microplastics (MPs). The methodological robustness and compatibility with existing
histopathological workflows highlight the potential of this approach for broader clinical and translational
applications. In particular, the ability to retrospectively screen archived clinical material may enable future large-
scale investigations into MP accumulation in human tissues, supporting epidemiological studies and informing
regulatory discussions on exposure risks. Validation in larger and more diverse patient cohorts will be essential
to assess diagnostic sensitivity, clinical significance, and possible associations with chronic inflammatory or
neoplastic diseases.

While the present study primarily focused on demonstrating the feasibility of MP detection and spatial
localization using OPTIR spectroscopy, future developments should aim to enable systematic and quantitative
assessments of microplastic burden in human tissues. Automated image analysis, supported by advances in
digital pathology, could facilitate reproducible particle detection across large datasets. In particular, machine
learning-based segmentation and classification tools offer the potential to standardize MP identification, reduce
observer bias, and improve throughput. Integration of such algorithms with spectroscopic and histological data
would support the development of quantitative metrics for MP exposure at the tissue level, enabling more robust
comparisons across individuals, tissue types, and disease states. To ensure reproducibility and translational
relevance, future work should also focus on validating these approaches across laboratories and establishing
consensus standards for MP quantification in biological tissues.

Given its compatibility with standard FFPE tissue processing, the presented workflow could be readily
applied to other organ systems and clinical conditions potentially affected by MP exposure. This includes tissues
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from the respiratory, gastrointestinal, or reproductive tract, where environmental contaminants may contribute
to chronic inflammation or disease progression. Importantly, the method enables retrospective analyses of
archived pathology specimens, offering a scalable approach for investigating MP burden across large patient
cohorts. The feasibility of such large-scale screening is supported by recent advances in digital pathology and
biobank accessibility>®, which may facilitate the integration of environmental exposure data into clinical research
and risk assessment frameworks.

Summary and conclusion

This study demonstrates the detection and identification of MP particles in routinely processed FFPE human
colon tissue sections. To our knowledge, this is the first report of MP identification within this clinical
context. By employing optical photothermal infrared (OPTIR) spectroscopy, we achieved submicron spatial
resolution, enabling precise localization and chemical identification of PE, PS and PET particles, surpassing
the spatial limitations of conventional infrared microscopy. We describe the integration of spectroscopic and
histopathological analyses within a single diagnostic workflow, which may provide valuable insights into MP
accumulation in human tissues. The spatial association of MPs with inflammatory histological features supports
the hypothesis of a potential link between MP exposure and colonic inflammation. These findings lay the
groundwork for further investigations into the role of MPs in gastrointestinal and other inflammatory diseases.

Data availability
The datasets generated and/or analyzed during the current study are available from the corresponding author
on reasonable request.
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