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A proteomic insight reveals the role
of food-associated Lactiplantibacillus plantarum
C9O4 in reverting intestinal inflammation

Maria Concetta Cufaro,1,2,5 Roberta Prete,3,5 Federica Di Marco,1,2 Giusi Sabatini,3 Aldo Corsetti,3,7,*

Natalia Garcia Gonzalez,3,6 Piero Del Boccio,1,4,6 and Natalia Battista3,6
SUMMARY

Nowadays, Western diets and lifestyle lead to an increasing occurrence of chronic gut inflammation that
represents an emerging health concernwith still a lack of successful therapies. Fermented foods, and their
associated lactic acid bacteria, have recently regained popularity for their probiotic potential including the
maintenance of gut homeostasis by modulating the immune and inflammatory response. Our study aims
to investigate the crosstalk between the food-borne strain Lactiplantibacillus plantarum C9O4 and intes-
tinal epithelial cells in an in vitro inflammationmodel. Cytokines profile shows the ability of C9O4 to signif-
icantly reduce levels of IL-2, IL-5, IL-6, and IFN-g. Proteomic functional analysis reveals an immunoregula-
tory role of C9O4, able to revert the detrimental effects of IFN-g through the JAK/STAT pathway
in inflamed intestinal cells. These results suggest a promising therapeutic role of fermented food-associ-
ated microbes for the management of gastrointestinal inflammatory diseases. Data are available via
ProteomeXchange with identifier PXD042175.

INTRODUCTION

The human gastrointestinal (GI) tract is a complex environment, and its health status is modulated by the strict host-microbes dialog that in-

terplays between commensal bacteria and the intestinal epithelium. Commensal microbes, as well as bacteria associated to fermented foods

and/or probiotics, can play a crucial role to maintain the gut immune homeostasis by modulating the immune and inflammatory response.1

Nowadays, the interaction of beneficial microbes with the human GI system is emerging as a promising field of research to face the health

concern related to the increasing occurrence of chronic gut inflammations, such as inflammatory bowel disease (IBD). IBD are chronic relaps-

ing intestinal disorders, characterized by a dysregulated balance between pro- and anti-inflammatory processes in the intestinal tract, fol-

lowed by invasion of immune cells to the intestinal mucosa that leads to chronic inflammation.2

Despite many research advances, standard therapies (anti-inflammatory or immunosuppressive drugs) are not satisfactory. The lack of

therapeutic options in IBD is a serious issue and lactic acid bacteria (LAB), the most common bacteria found in fermented foods and used

in probiotic preparations, have emerged as novel strategies to ameliorate intestinal disorders.1,3 The potential benefits of LAB are associated

with a reduced risk of developing chronic diseases and with several other beneficial activities, such as modulating the immune system.4

Among LAB, Lactiplantibacillus (Lpb.) plantarum is a flexible species that could be found as a natural inhabitant both in several fermented

foods and in the human gastrointestinal tract, from which some strains have already been characterized as probiotics.5 Pre-clinical studies

on the effects of Lpb. plantarum for the prevention and management of IBD have been deeply reported by Le and Yang.6

The gut-microbiota variability7 and themodulation of immune response of intestinal lymphoid and epithelial cells are speculated as themain

mechanisms of action,4,6 even though the exact role of Lpb. plantarum in IBD is still not well elucidated. It has been reported that some Lpb.

plantarum strains are able to interact with the intestinal ecosystem by downregulating inflammatory cascade in intestinal chronic inflammation

and also by reducing the production of pro-inflammatory cytokines, alleviating thus dextran sulfate sodium (DSS)-induced colitis in mice.8,9

The modulation of pro-inflammatory cytokines could be related to the balance between Th1 and Th2 cells regulated by Lpb. plantarum

that lead to the differential production of several cytokines such as tumor necrosis factor-alpha (TNF-a), interleukin (IL)- 1b, IL-6, IL-10, IL-12,

and interferon-gamma (IFN-g).6
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Moreover, the inhibition of apoptosis by Lpb. plantarum has been speculated as another mechanism of action, for instance by blocking

cyclooxygenase-2 (COX-2) in Th1, or by inhibiting the apoptosis of intestinal epithelial cells,10 as well as improving intestinal barrier function

via upregulation of tight junction proteins (i.e., ZO-1 and occludins) and downregulation of apoptotic-related proteins.11

To date, the precisemechanism of action of the host-microbe dialog is still unclear, even though it is well established the strain-dependent

nature of this interaction, highlighting that the strain selection and the evaluation of the effects of individual strains is of paramount impor-

tance, as requested by international guidelines for probiotics selection.12 In our previous studies, we have characterized and selected the

food-associated Lpb. plantarumC9O4 strain for some probiotic properties.13,14 Indeed, we have underlined the ability of this strain to display

immunoregulatory effects15 as well as to ameliorate inflammation and related oxidative stress by triggering IL17/IL23 axis, a key cytokines

pathway involved in the pathogenesis of chronic inflammation such as IBD.16 Based on these findings, the aim of this study was to deepen

the immunomodulatory properties of Lpb. plantarum C9O4 in an in vitro intestinal inflammation model of normal human colon mucosa cell

(NCM460) treated with an inflammatory stimuli by evaluating, through a proteomic approach, the differential proteins expression, the alter-

ations of molecular functions and the biological processes including the modulation of pro- and anti-inflammatory cytokines release.
RESULTS

Proteomic profile of NCM460 cells

We investigated intracellular proteomic changes in NCM460 cells grown under conventional conditions, exposed to an inflammatory stimulus

or inflamed after the pre-treatment with live Lpb. plantarum C9O4 cells. In particular, we performed two different comparisons. Firstly, as a

proof-of-concept, inflamed cells were compared to control ones in order to verify and identify the phenotypic modulation response of the cell

to the inflammatory stimuli used. Then, we performed a proteomics investigation on pre-treated-inflamed cells with a Lpb. plantarum strain in

order to evaluate the probable molecular mechanisms involved in the protective effect induced by the strain (Figure 1).

As a result, 1,832, 1,864, and 1,851 proteins were identified and quantified in control, inflamed, and pre-treated cells, respectively (Fig-

ure 2A). Among them, 78.6% of proteins (1,620) were present in the three conditions, while 96, 57, and 40 were uniquely identified in control

(4.7%), inflamed (2.8%), and pre-treated (1.9%), respectively. The list of the quantified proteins is reported in Table S1.

The statistical comparison of the global proteomics expression on the three experimental conditions was reported in the volcano plots of

Figure 2 (panel B for inflamed vs. control cells and panel C for cells pre-treated with Lpb. plantarum C9O4 compared to those subjected to

inflammation). We demonstrated that cytokine cocktail used as inflammatory stimulus influenced the cellular processes of NCM460 cells. In

fact, among the detected and quantified proteins, 302 proteins were significantly regulated (p < 0.05) of which 147 were downregulated and

155 upregulated, as shown by green and blue dots, respectively (Figure 2B).

The second comparison highlighted 276 proteins significantly regulated (p < 0.05), of which 173 were downregulated (blue dots) and 103

upregulated (red dots) in pre-treated cells (Figure 2C). The list of differential proteins is reported in Table S1 sheets ‘‘VP’’.

To globally analyze the differentially expressed proteins, we used the PANTHER GO database that allowed us to classify and group these

proteins into two major categories: molecular function and biological processes (Figures 3B and 4B), comparing the percentage of proteins

significantly regulated. As shown in the Figure 3B, the majority of the proteins significantly up- or downregulated under the inflamed status

were involved in catalytic and binding activities; in particular, under the biological processes category, most proteomic changes were

observed in metabolic processes, cellular processes, and biological regulation. Accordingly, the inflammatory status led to inhibition of pro-

teins involved in biological regulation, locomotion, or adhesion, however, there was a significative upregulation of proteins involved in im-

mune system process and response to the stimulus in pre-treated cells (Figure 4B).
Inflammatory stimulus activated pathways involved in gastrointestinal diseases via interferon regulatory factors in

NCM460 cells

Quantitative proteomics data obtained with MaxQuant software were used for functional analysis using Ingenuity Pathway Analysis (IPA tool,

Qiagen). ‘‘Comparison analysis’’ was used to highlight the biological processes underlying the identified protein patterns of NCM460 cells.

Actually, downstream analysis corroborated a significant inflammation in NCM460 cells exposed to inflammatory cocktail compared to con-

trol ones. Generically, protein signature indicated that the inflammatory stimulus clearly activated general pathways involved in gastrointes-

tinal diseases (i.e., liver cancer p value = 1.36 3 10�14, Z score = 2.16, data not shown).

Moreover, we predicted the cascade of upstream transcriptional regulators that can explain the observed gene expression changes in

inflamed cells. Among them, the most significant upregulated upstream found were interferon regulatory factors (IRF) gene, IRF7 (p value =

6.573 10�4, Z score = 4.656) and IRF3 (p value = 9.813 10�3, Z score = 4.549) together with interferon g (IFN-g gene p value = 4.663 10�7, Z

score = 4.478), tumor necrosis factor (TNF gene -value = 6.573 10�4, Z score = 3.95), and interleukin 1b (IL-1b, p value = 0.2, Z score = 4.96), as

proof-of-concept that inflammation has occurredbecause IFNg, TNF, and IL-1b havebeen used in the cytokines inflammatory cocktail. Table 1

lists the main genes predicted as upstream regulators with their Z score activation values as comparison analysis of the two distinct functional

analyses performed by IPA software.
Lpb. plantarum C9O4 pre-treatment reverses the effects of the inflammatory cocktail in inflamed NCM460 cells

On the contrary, in the comparison pre-treated/inflamed cells IRF genes were strongly inhibited, i.e., IRF7 gene (p value = 7.81 3 10�5,

Z score = �2.55), IRF3 gene (p value = 0.00367, Z score = �3.229) together with IFN-g (p value = 6.97 3 10�8, Z score = �2.391), TNF
2 iScience 26, 108481, December 15, 2023



Figure 1. Workflow scheme of the experimental proteomics strategy

It highlights that two functional analyses (INFLAMED Vs. CONTROL and PRE-TREATED Vs. INFLAMED) performed by Ingenuity Pathway Software (IPA, Qiagen)

were compared as comparison analysis for evaluating the different biological pathways between inflamed condition and pre-treatment with Lpb. plantarum

C9O4.
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(p value = 2.72 3 10�4, Z score = �1.44). Between the common inhibited upstream regulators, the most significant are shown in Table 1

comparing their modulation with the previous comparison (inflamed/control). Figure 5A shows the mechanistic network of IFNg, a mem-

ber of the type II interferon class secreted by cells of both the innate and adaptive immune systems. It is indirectly linked to TNF and

IRF1 and IRF7. Instead, IRF3 was both quantified as downregulated protein in cell models (expression fold change = �1.123, -log(p

value) = 2.96, see Figure 2B and Table S1) and predicted as inhibited upstream in pre-treated cells compared to inflamed ones. Since

IRF complex translocates to the nucleus and activates the transcription of INFa and INFb, as well as other INF-induced genes, our pro-

teomics data demonstrate that Lpb. plantarum C9O4 interacts with inflamed NCM460 cells by modulating inflammatory processes.

In this contest, wehighlighted the overall ability of Lpb. plantarumC9O4 tomodulatepro- andanti-inflammatory cytokines in the inflamedcell

model. Indeed, pre-treatment with Lpb. plantarum C9O4 had a protective role on inflammation since it was able to significantly reduce levels of

interleukins, i.e., IL-2, IL-5, IL-6, and IFN-g (Figure 5B e 5C); interestingly a similar, but not significant, trendwas also observed in IL-12 content (Fig-

ure 5B) corroboratedbyproteomics datawith nomodulationof IL-12 (Z score not predicted, seeTable 1) in cells pre-treatedwith Lpb. plantarum.

Moreover, between quantified proteins signal transducer and activator of transcription 1 (STAT1) seemed to have a notable role in the

reverting the inflammatory effects in NCM460 Lpb. plantarum C9O4 pre-treated cells because it was found significantly downregulated in

these cell models (expression fold change = �1.347, -log(p value) = 2.46, see Figure 2C and Table S1). On the contrary, it was significantly

upregulated in NCM460 cells subjected to inflammatory stimulus with an expression fold change of 2.14 and a log(p value) of 6.13 (see Fig-

ure 2B; Table S1). In addition, it was directly connected to the significative predict inhibition of IRF1, IRF3, and IRF7 as upstream regulators in

pre-treated cellular model (Figure 6). As reported in Table 1, STAT1 was counted among the most significant upstream regulators predicted
iScience 26, 108481, December 15, 2023 3



Figure 2. Global proteomic profile of NCM460 cells under three different treatment conditions

(A) Venn diagram of unique and shared proteins identified across all three conditions.

(B) Volcano plot of the differential proteins expressed in NCM460 cells subjected to an inflammatory stimulus and control ones. Proteins not significantly

differential are represented in gray; while in blue and in green are represented the proteins significantly upregulated and downregulated in inflamed cells,

respectively.

(C) Volcano plot of the differential proteins expressed in NCM460 cells pre-treated with Lpb. plantarum C9O4 and inflamed ones. Proteins not significantly

differential are represented in gray; while in red and in blue are represented the proteins significantly upregulated and downregulated in inflamed cells,

respectively. Proteins are plotted based on fold change and -Log (p value) using a false discovery rate (FDR) of 0.01 and an S0 of 0.05 for both comparisons.
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by IPA tool too. In particular, it showed the same trend that is the strong activation of STAT1 in the inflamed cells compared to control ones (p

value = 0.11, Z score = 4.20), and it was found unmodulated in the second comparison (pre-treated/inflamed) with a p value of 0.06 and Z score

of�1.35, indicating a strongmodulation of the immune system after the incubation with the Lpb. plantarum strain thatmirrored the capability

of reversing the effects of inflammation.

DISCUSSION

In recent years there has been an increasing number of studies that evaluate the potential role of fermented food-associated strains as po-

tential probiotics.4,17–20 In particular, we have previously demonstrated that Lpb. plantarum strains can protect intestinal epithelial cells from

oxidant stress by modulating reactive oxygen species and IL-23/IL-17 axis.16 In this regard, the strain C9O4, isolated from table olives and
4 iScience 26, 108481, December 15, 2023



Figure 3. Proteomics analysis of NCM460 cells: INFLAMED Vs. CONTROL

(A) Protein expression correlation is reported as density plot with a Pearson correlation of 0.96.

(B) Gene Ontology (GO) reclassification of significantly expressed proteins in NCM460 inflamed cells using PANTHER database for molecular function and

biological process.
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previously tested for its ability to interact with human epithelial cells,14 had a positive role in decreasing the release of both cytokines under

inflammation conditions. However, despite the evidence of a positive regulation of the inflammatory response, underlying molecular mech-

anisms of this host-microbe dialog remain unclear. Using a proteomic approach, this study aimed to determinewhether Lpb. plantarumC9O4

could modulate the deleterious effects of a pro-inflammatory cocktail of cytokines on intestinal epithelial cells and to identify the possible

mechanisms responsible for this modulation.

Our data demonstrated that Lpb. plantarum C9O4 pre-treatment reverses the effects of the inflammatory cocktail consisting of IFN-g,

TNF-a, and IL-1b. Co-incubation with bacteria alters the global protein profile of the host intestinal cells after the inflammation insult,
iScience 26, 108481, December 15, 2023 5



Figure 4. Proteomics analysis of NCM460 cells: PRE-TREATED with Lpb. plantarum C9O4 Vs. INFLAMED

(A) Protein expression correlation is reported as density plot with a Pearson correlation of 0.97.

(B) Gene ontology (GO) reclassification of significantly expressed proteins in NCM460 cells pre-treated with Lpb. plantarum C9O4 using PANTHER database for

molecular function and biological process.
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suggesting that there is an active communication between cells-bacteria that significantly changes their biological andmolecular functions. In

comparison with inflamed cells, those that were also treated with Lpb. plantarum C9O4 showed a protein expression profile mainly charac-

terized by a reduction of the inflammation markers, including those used as inflammation insult, IFN-g and TNF-a (Table 1).
6 iScience 26, 108481, December 15, 2023



Table 1. List of the main differential upstream regulators of the two comparisons

Upstream Regulators Description

INFLAMED/

CONTROL

PRE-TREATED/

INFLAMED

IFNA2 Interferon alpha-2 5.245 �3.018

IRF3 Interferon regulatory factor 3 4.549 �3.229

Interferon alpha Interferon alpha-7 5.314 �2.153

IRF1 Interferon regulatory factor 1 4.004 �3.243

IRF7 Interferon regulatory factor 7 4.656 �2.55

IFNG Interferon gamma 4.478 �2.391

STAT1 Signal transducer and activator of transcription 1-alpha/beta 4.412 �1.347

TNF Tumor necrosis factor 3.946 �1.444

Ifn gamma Tyrosine-protein kinase JAK2 3.354 �1.418

IRF5 Interferon regulatory factor 5 2.818 �1.707

OSM Oncostatin-M 3.528 �0.829

IFN type 1 Signal transducer and activator of transcription 1-alpha/beta 2.586 �0.917

IL1B Interleukin-1 beta 4.96 0

IL12 Interleukin-12 receptor subunit beta-1 2.4 0

Table reports the main genes involved in inflammatory response with their predictive z scores (positive values: activation, z score R2.00; negative values: inhi-

bition, z-score % �2.00). The further investigated upstream regulators are highlighted in bold.
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The reduction in the expression of IFN-g could be a very interesting probiotic feature, since its role has been proved in decreasing intes-

tinal barrier function by reducing the localization and the expression of tight junction proteins, such as occludin and zonulin-1 (ZO-1).21–23 In

this context, we should recall that positive effects of some LAB attenuating the effects of IFN-g have been previously demonstrated. In partic-

ular, proteinmetabolites secretedby Lacticaseiobacillus rhamnosus strainGG (LGG) attenuates barrier dysfunction evokedby IFN-g in human

enteroids.24

IFN-g and TNF-a effects are subject to complex cross-regulatory networks that evoke the activation and release of specific kinases, cyto-

kines, and cofactors, and in turn, is negatively regulated secondary to induced expression of various suppressor of cytokine signaling (SOCS)

proteins. These latter contribute to the constitutive regulation of cytokine responses in a variety of cell types. In particular, the intracellular

signaling pathways induced by IFN-g rely on the activation of the signal transducer factors STAT1 and STAT3. JAK-STAT signaling has

been identified as a key mediator in the immune regulatory processes.25,26 IFN-g activates the pathway through its receptors IFNGR1 and

IFNGR2 which, in turn and in association with JAK1 and JAK2, lead to the phosphorylation of STAT1. Once STAT1 is phosphorylated, it is

translocated to the nucleus and binds IFN-g activation site (GAS) elements, initiating the transcription of IFN-g induced genes and activating

the immune response.25 Proteomic overview of the first comparison (inflamed/control) revealed that the cytokine cocktail upregulated pro-

teins involved in inflammation, being especially important interferon related genes, which result to be significantly downregulated after the

pre-treatment with the Lpb. plantarum strain. The upstream regulator analysis of the different proteomic profiles points to IRF7, IRF3, and

STAT1 as the main drivers of such modulation (Figure 6). Previous studies have already showed the ability of some strains to revert the dele-

terious effects of IFN-g on epithelial cells by modulating JAK/STAT pathway.27–29 In particular, a combination of Lacticaseibacillus rhamnosus

GG and Streptococcus thermophilus have antagonistic effects against IFN- g by inhibiting phosphorylation of SOCS3 and STAT3,30,31 and a

similar behavior has been also reported for the probiotic mixture VSL#3.32,33 Lately, other probiotics species have been recognized as poten-

tial dietary supplements for the reduction of inflammation associated with chronic intestinal diseases by modulating JAK/STAT and NF-kB

pathways.34–36 Moreover, proteomic results showed a significant upregulation of many pro-inflammatory cytokines in inflamed cells, such

as TNF-a and IFN-g, whose synergistic action could promote and trigger apoptotic processes, as reported by Li et al.37 It has been identified

JAK1/2 as the sole kinase drivers of the intestinal epithelial cell death triggered by IFN-g/TNF-a,38 possibly as a result of chronic STAT1 and

NF-kB signaling. These increased levels of STAT1 phosphorylated and active have been also detected in inflamedmucosa of patients affected

by chronic disease.39–41 However, it is worth highlighting that the concomitant exposure of intestinal cells to inflammation stimulus and Lpb.

plantarum C9O4 reverts the inflammatory processes; thus, this event, together with the reduction in the release of pro-inflammatory cyto-

kines, makes the Lpb. plantarum strains a suitable candidate to be considered as a probiotic.

Based on our results, Lpb. plantarumC9O4 plays an immunoregulatory role by stimulating the IFN-gmediated JAK/STAT pathway, result-

ing in downregulation of interferon-stimulating genes (ISG). Preliminary experiments (data not shown) encourage us to hypothesize that Lpb.

plantarumC9O4might be decreasing the phosphorylation of the transcription factor STAT-1, whereas not interfering on the phosphorylation

of ERK. However, as already pointed out in literature, modulation of the immune system by ingested bacteria appears to be a complex and

multifactorial process, in which the direct contact with cells through the Toll-like receptors or the release of bioactive compounds might act

synergistically. Due to the importance of the JAK/STATpathway, inhibitors of this pathwaymight come to constitute an innovative therapeutic

agent for the management of gastrointestinal inflammatory diseases.
iScience 26, 108481, December 15, 2023 7



Figure 5. IFN-gamma networks and cytokines modulation in Lpb. plantarum pre-treated inflamed NCM40 cells

(A) IFN-gamma mechanistic networks. Upstream regulator analysis of IPA software highlights that IFN-gamma is significantly inhibited in pre-treated cells

compared to inflamed ones. Colors represent predicted activation (orange) or inhibition (blue), and their intensity is correlated proportionally to the

significance of the predicted activation or inhibition. Lines represent the predicted direct (solid lines) or indirect (dotted lines) relationship among the genes.

Color of the lines represent the activation (orange), inhibition (blue), inconsistent (yellow) and not predicted (gray) relationships. Finally, the type of the
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Figure 5. Continued

molecule is represented by a different shape, being square forms for cytokine, ellipse forms for transcription regulators, rectangular forms for ligand-dependent

nuclear receptors and double circles form for groups or complexes.

(B and C) Lpb. plantarum C9O4 modulation of a set of cytokines release on inflamed NCM460 cells. Values are expressed as mean G SEM **p < 0.005 and

*p < 0.05 versus inflamed control release (ELISA).
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Limitations of the study

Our study elucidates a protective role on inflammation by food-associated Lpb. plantarum C9O4 via significantly reducing levels of

inflammation biomarkers which in turn could contribute to reverting the apoptosis process in an intestinal cell model, through the

IFN-g mediated JAK/STAT pathway that seems to be the major immunomodulatory mechanism of action. However, IFN-g is subject

to a complex cross-regulatory network involving the release of many specific kinases, cytokines, and cofactors that remains still not

well elucidated within the host-microbe dialog. Although preliminary experimental data lead to hypothesize that Lpb. plantarum

C9O4 might be decreasing the phosphorylation of STAT-1, but not of ERK, we expect to confirm this aspect at molecular level in future

studies.

Due to the relevance of the JAK/STAT pathway as a therapeutic target, it could be of paramount importance to verify the protective role of

Lpb. plantarum C9O4 in in vivo studies, in order to confirm the suitability of this selected strain as an alternative dietary strategy for the man-

agement of chronic intestinal inflammatory diseases.
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Figure 6. The interaction network of IRF1, IRF3, and IRF7

In the figure is depicted the interaction network of IRF1, IRF3, and IRF7 as inhibited upstream regulator in Lpb. plantarum C9O4 pre-treated cells compared to

inflamed ones. Lines represent the predicted direct (solid lines) relationship among the genes and quantified proteins. Color of the lines represent the inhibition

(blue), inconsistent (yellow), and not prediction (gray). Instead, green and red shapes show the down-expressed and the up-expressed proteins, respectively, with

their expression fold change.
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Bacterial and virus strains

Lactiplantibacillus plantarum C9O4 Isolated from table olives (Prete et al.113)

University of Teramo

N/A

Chemicals, peptides, and recombinant proteins

MRS broth ISO 15214 Liofilchem srl, Roseto degli Abruzzi, Italy Cat#610025

Phosphate Buffered Saline (PBS) Sigma-Aldrich, Saint Louis, MO,

United States

Cat#P4417

Penicillin/Streptomycin 100X Corning, NY, United States Cat#3002-CI

Fetal Bovine Serum (FBS) Corning, NY, United States Cat#35-010-CV

M3:BaseF�medium INCELL Corporation, LLC, San Antonio,

TX, United States

Cat#M300F-500

Non-essential Amino Acids 100x Solution Euroclone, Pero, Italy Cat#ECB3054D

Recombinant Human TNF-alpha R&D System, Minneapolis, Minnesota,

United States

Cat#210-TA-020

Recombinant Human IL-1 beta/IL-1F2 R&D System, Minneapolis, Minnesota,

United States

Cat#201-LB-005

Recombinant Human IFN-g R&D System, Minneapolis, Minnesota,

United States

Cat#285-IF-100

Critical commercial assays

LUNARIS�Technology multiplex protein analysis AYOXXA Biosystem GmbH https://www.ayoxxa.com

Deposited data

mass spectrometry proteomics data This paper Database: ProteomeXchange Consortium via

the PRIDE partner repository;

dataset identifier PXD04217546

Experimental models: Cell lines

NCM460 INCELL Corporation, LLC, San Antonio,

TX, United States

RRID: CVCL_0460

Software and algorithms

MaxQuant version 1.6.10.50 Max-Planck Institute for Biochemistry,

Martinsried, Germany

RRID:SCR_014485

https://www.maxquant.org/

PERSEUS MaxPlank Institute RRID:SCR_015753

https://maxquant.net/perseus/

UniProt database The UniProt consortium RRID:SCR_002380

http://www.uniprot.org/

Ingenuity Pathway Analysis Qiagen, Hilden, Germany RRID:SCR_008653tt

http://www.ingenuity.com/products/

pathways_analysis.html

PANTHER CLASSIFICATION SYSTEM Mi et al.42 RRID:SCR_004869

http://www.pantherdb.org/about.jsp

PRIDE PROTEOMICS IDENTIFICATIONS

DATABASE

Perez-Riverol Y et al.43 RRID:SCR_003411

https://www.ebi.ac.uk/pride/

Prism 8.3 software GraphPad Software Inc., La Jolla, CA,

United States

RRID:SCR_002798

http://www.graphpad.com/
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Other

Costar� 24-well Clear TC-treated

Multiple Well Plates
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Costar� 6-well Clear TC-treated

Multiple Well Plates

Corning, NY, United States Cat#3506

UltiMate�3000 UPLC Thermo Fisher Scientific, Waltham,

MA, USA

N/A

Orbitrap Fusion� Tribrid� Thermo Fisher Scientific, Waltham,

MA, USA
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RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Prof. Aldo Corsetti

(acorsetti@unite.it).

Materials availability

This study did not generate new unique reagents.

Data and code availability

� The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository

with the dataset identifier PXD04217546.
� This paper does not report original code.
� Any additional information required to re-analyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Bacterial strain

Lpb. plantarum strain C9O4 was isolated from table olives and belongs to our laboratory collection at the University of Teramo. The strain

investigated in this study has been used in previous studies, characterized for several properties, and selected for its antioxidant and anti-

inflammatory properties.16 Lpb. plantarum C9O4 cells were routinely grown under microaerophilic conditions at 37�C in de Man, Rogosa

and Sharp (MRS) broth (Liofilchem srl, Roseto degli Abruzzi, Italy) to obtain overnight cultures. Then, the inoculum concentration (109

CFU/ml) was checked turbidimetrically by measuring optical density at 600 nm. Subsequently, MRS broth was removed by centrifugation

(13000 x g, 10 min, 4�C), microbial cells were washed twice in the same volume with sterile PBS and finally resuspended in sterile PBS at

109 CFU/ml before each experiment, according to Prete et al. 2020.16

Intestinal inflammation model

NCM460 cells (INCELL Corporation, LLC, San Antonio, TX, United States), originally derived from the normal colon mucosa of a 68-year old

Hispanic male,44 were grown in INCELL’s enriched M3Base medium supplemented with 1% (v/v) Penicillin/Streptomycin 100X (Corning, NY,

United States), 1 % (v/v) Non-Essential Amino Acids 100 X solution (Euroclone, Pero, Italy), and 10 % (v/v) heated inactivated Faetal Bovine

Serum (FBS; Corning, NY, United States). Cells were grown in culture dishes at 37�C in a 5 % CO2 atmosphere and seeded at the P9 passage

(1.5x105 cells/well in 24-well plate (Corning, NY, United States) for cytokine detection and 3x106 cells/well in 6-well plate (Corning, NY, United

States) for proteomic analysis) 24 hours prior the co-incubation conditions, for letting them reach confluence.

Once confluentmonolayers were achieved,mediumwas removed, and cells were exposed to Lpb. plantarum strains as pre-treatment for 4

hours (�100 bacteria/cell), as reported in previous studies.14,16 After the incubation, unbound strains were removed with 2 washing steps with

sterile PBS. Subsequently, inflammation was induced for 24 hours using an inflammatory cocktail consisting of 10 ng/ml TNF-a, 5 ng/ml IL-1b,

and 10 ng/ml IFN- g14. Supernatants were collected for cytokines analysis and cells were recovered to perform proteomic analysis.

METHOD DETAILS

Cytokines modulation

Evaluation of the cytokines’ modulation on inflamed cells with and without co-incubation with Lpb. plantarum C9O4 was performed through

the high-throughput method for multiplex protein analysis (LUNARIS Technology, AYOXXA Biosystem GmbH), as previously described in

Prete et al.16
14 iScience 26, 108481, December 15, 2023
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Proteomics and bioinformatics analyses

We investigated the proteome profile of NCM460 cells by comparing the protein expression of control cells (negative control) and cells pre-

treatedwith Lpb. plantarumC9O4with those exposed to an inflammatory stimulus (inflamed). In particular, we performedproteomics analysis

on one biological replicate for each different treatment. All samples were prepared for Filter Aided Sample Preparation (FASP) method in

order to digest 50 mg of proteins for each treatment. For label free proteomics analyses, each cell treatments were analysed in triplicate (tech-

nical replicates) by using the UltiMateTM 3000 UPLC (Thermo Fisher Scientific, Waltham, MA, USA) chromatographic system coupled to the

Orbitrap FusionTM TribridTM (Thermo Fisher Scientific) mass spectrometer, according to the LC-MS/MS parameters specifications reported

in our previous works.45,46 Proteomics raw file were processed using the MaxQuant version 1.6.10.50 (Max-Planck Institute for Biochemistry,

Martinsried, Germany) matching spectra against the UniProt database (released 2018_04, taxonomy Homo sapiens, 20,874 entries). LFQ In-

tensity values were used to quantify protein abundance in each sample whenever the protein was quantified in at least two analytical repli-

cates for each cell treatment. All processing parameters are described in Damiani et al.47 Protein expression variability was evaluated by den-

sity plot with Pearson correlation (R2) values of mean LFQ intensities value-transformed to log2 scale and reported as density plots (Figures 3

and 4). PANTHER Classification System was used for Gene Ontology protein reclassifications (Panel B of Figures 3 and 4).

Finally, protein ratios (inflamed cells/negative control and pre-treated cells/inflamed cells) were used for ‘‘Core Analysis’’ performed

through Ingenuity Pathway Analysis (IPA software, Qiagen, Hilden, Germany), which is able to predict the activation (z-scores R 2.0) or inhi-

bition (z-scores%�2.0) of transcriptional regulators or downstreams for the loaded protein dataset thanks to all published literature citations

stored in the IPA system. ‘‘Comparison Analysis’’ was used to further compare the functional information related to upstream regulators and

diseases and biofunctions. Themass spectrometry proteomics data have been deposited to the ProteomeXchangeConsortium via the PRIDE

partner repository with the dataset identifier PXD04217546.
QUANTIFICATION AND STATISTICAL ANALYSIS

Cytokines results are reported as meanG SD of triplicate experiments. Data were analyzed by means of Prism 8.3 software (GraphPad Soft-

ware Inc., La Jolla, CA, United States) using unpaired Student’s t-test. A level of p < 0.05 was considered statistically significant.
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