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Abstract 
Background: The gastrointestinal (GI) tract is one of the most dynamic tissue environments in the body, 

requiring constant regeneration to preserve mucosal integrity against microbial, dietary, and inflamma-

tory stressors. When repair mechanisms fail, chronic gut diseases such as inflammatory bowel disease 

(IBD), gastritis, ulcerative colitis, Crohn’s disease, and mucosal injury syndromes emerge. These condi-

tions are increasingly recognized as resulting from the convergence of impaired epithelial regeneration, 

microbiome dysbiosis, and mitochondrial dysfunction. 

 

Objective: To propose and evaluate an integrative therapeutic paradigm that combines organ-specific 

progenitor stem cells with next-generation peptide therapeutics, particularly nano-organo peptides 

(NOPs) and mitochondrial-targeted peptides (MO peptides), for mucosal restoration in chronic GI dis-

eases. 

 

Methods: A synthesis of recent advances in epithelial progenitor biology, peptide engineering, and mi-

crobiome–host crosstalk was undertaken. Mechanistic insights were integrated with translational strate-

gies, focusing on the regenerative potential of stem cell–peptide combinations. 

 

Results: Evidence supports that progenitor cell–based therapies enhance epithelial regeneration, while 

peptide therapeutics, including NOPs and MO peptides, can target organelle dysfunction and restore 
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barrier integrity. Together, these approaches act synergistically to repair mucosa, rebalance microbial 

ecosystems, and restore mitochondrial health. Early preclinical findings suggest feasibility for precision 

and regenerative interventions that move beyond symptomatic management. 

 

Conclusions: Restoring the epithelial–microbiome–mitochondrial axis represents a transformative strat-

egy for chronic gut diseases. Integrating progenitor stem cells with engineered peptide therapeutics 

holds promise to overcome current therapeutic limitations and accelerate translation into clinical prac-

tice.  

Introduction 

The stomach and intestinal mucosa, i.e., the gastro-

intestinal (GI) tract, represent continuously regener-

ating tissues. The GI epithelial mucosa performs 

essential functions in digestion, nutrient absorption, 

immune defense, as well as neurochemical signal-

ing. Despite inherent resilience, the GI epithelial 

tissues remain highly susceptible to cumulative and 

chronic injury. The “injury” in turn, leads to chron-

ic gut diseases, including inflammatory bowel dis-

ease (IBD), gastritis, ulcerative colitis, Crohn’s dis-

ease, and mucosal injury syndromes. When chronic 

epithelial repair mechanisms fail, microbiome com-

position is disrupted, and/or mitochondrial function 

declines these chronic diseases ensue, which affect 

millions worldwide and impose profound socioeco-

nomic burdens  . Conventional anti-inflammatory 

strategies, typically encompassing corticosteroids 

and immunosuppressants, achieve rapid sympto-

matic control in inflammatory bowel disease but 

fall short of promoting durable mucosal healing. 

Corticosteroids effectively suppress acute inflam-

mation through broad inhibition of NF-κB– and 

STAT-mediated transcriptional programs, yet their 

impact is largely palliative. Corticosteroids do not 

restore epithelial barrier integrity, resolve mito-

chondrial dysfunction, or prevent structural remod-

eling such as fibrosis. Similarly, thiopurines and 

calcineurin inhibitors dampen T-cell activation and 

cytokine production but do not target epithelial bio-

energetics, tight-junction assembly, or microbiome

–epithelium crosstalk.  As a result, relapse rates re-

main high once therapy is tapered, and long-term 

use is limited by adverse events including infection, 

metabolic toxicity, and carcin ogenesis. Biologics 

such as anti-TNFα and anti-IL-23 therapies also 

target suppression of inflammation, but do not fun-

damentally restore epithelial barrier integrity or 

prevent long-term complications such as fibrosis 

and  neoplasia. These shortcomings highlight a crit-

ical therapeutic gap: conventional agents blunt in-

flammatory cascades but fail to induce the cellular 

reprogramming and tissue regeneration required for 

durable mucosal healing. A deeper understanding 

of why barrier restoration fails has highlighted the 

central role of the microbiome, with emerging evi-

dence showing that epithelial health is closely cou-

pled to microbial ecology. In this context, dysbiosis 

emerges as a key driver, leading to altered microbi-

al metabolites, disruption of stem cell niches, and 

amplification of mucosal injury. Simultaneously, 

mitochondrial dysfunction in epithelial and immune 

cells has emerged as a unifying pathophysiological 

mechanism in IBD and related conditions, impair-

ing cellular metabolism, redox balance, and regen-

erative capacity . Together, these insights under-

score that mucosal failure is not solely the conse-

quence of uncontrolled inflammation but rather the 

breakdown of an interdependent epithelial–

microbial–metabolic axis. This recognition has 

shifted therapeutic priorities from transient immu-

nosuppression toward strategies that actively re-
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store mitochondrial fitness, re-establish host–

microbiome symbiosis, and regenerate epithelial 

lineages—objectives that conventional corticoster-

oids and immunosuppressants cannot achieve. 

 

Against this backdrop, novel therapeutic strategies 

have emerged. Organ-specific progenitor stem 

cells—derived from gastric and intestinal tissues or 

engineered from pluripotent sources offer opportu-

nities for mucosal regeneration. In parallel, peptide-

based therapeutics, particularly nano-organo pep-

tides (NOPs) designed for receptor or organelle tar-

geting, and mitochondrial-targeted peptides (MO 

peptides), provide molecular tools to restore energy 

metabolism, reduce oxidative stress, and modulate 

immune responses. This review explores the con-

vergence of these fields and presents a framework 

for integrative therapies that combine progenitor 

cell transplantation with peptide engineering to re-

store the mucosa–microbiome–mitochondrial axis. 

 

Chronic Gut Diseases: Description & Patho-

physiology from a Microbiome Lens 

Inflammatory Bowel Disease (IBD) 

IBD encompasses chronic, relapsing inflammation 

driven by an inappropriate immune response to in-

testinal microbes in genetically susceptible hosts. 

The core pathophysiological constructs include im-

paired epithelial barrier (tight junction disruption, 

mucus defects), altered innate sensing (TLR/NOD 

pathways), and skewed adaptive immunity (Th1/

Th17 polarization; TNF, IL-23/IL-17 axes). 

Dysbiosis is typical characterized by reduced diver-

sity, depletion of short-chain fatty acid (SCFA) 

producers (e.g., Faecalibacterium), enrichment of 

pathobionts and biofilms, shifting luminal metabo-

lites (bile acid pools, tryptophan/indole pathways) 

and perpetuating inflammation . 

 

Ulcerative Colitis (UC) 

Continuous, superficial mucosal inflammation orig-

inating in the rectum and extending proximally. 

Hallmarks: goblet-cell depletion, crypt architectural 

distortion, crypt abscesses, and barrier loss limited 

largely to mucosa. Immunology tends toward 

Th17/Th2-like signatures. Microbiome features in-

clude reduced butyrate producers and altered mu-

cus-associated communities, with oxygenation 

changes at the inflamed surface favoring facultative 

anaerobes. Clinical phenotype: bloody diarrhea, 

urgency, increased colorectal neoplasia risk with 

duration/extent. 

 

Crohn’s Disease (CD) 

Transmural, discontinuous (“skip”) inflammation 

that can involve any GI segment, with stricturing 

and penetrating complications. Histology: granulo-

mas (when present), Paneth cell dysfunction; genet-

ics often implicate autophagy and bacterial han-

dling (e.g., NOD2, ATG16L1). Microbiome signa-

tures include enrichment of adherent-invasive E. 

coli, reduced obligate anaerobes, biofilm formation, 

and metabolite shifts that impair epithelial energy 

use and immune regulation. Complications include 

fistulas, fibrostenosis, and malabsorption. 

 

Gastritis (chronic) 

Persistent gastric mucosal inflammation from Heli-

cobacter pylori, autoimmunity (parietal-cell anti-

bodies), chemical/NSAID injury, or bile reflux. 

Pathways: epithelial injury → altered mucus/acid 

dynamics → immune activation (Th1/Th17 for H. 

pylori; autoimmune corpus-predominant injury 

leads to hypochlorhydria and B12 deficiency). The 

gastric microbiome is less diverse but modifiable; 

H. pylori reshapes gastric ecology and carcinogene-

sis risk via inflammation and genotoxins (e.g., 

CagA). 
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Other Mucosal Injury Syndromes 

· Microscopic colitis (lymphocytic/collagenous): 

Watery diarrhea with near-normal endoscopy; 

immune activation at the epithelial interface, 

medication and bile-acid links; subtle dysbiosis 

reported. 

· Celiac disease: HLA-DQ2/8–restricted immune 

response to gluten causing villous atrophy; mi-

crobial peptides and transglutaminase interac-

tions may amplify injury. 

· Radiation/ischemic injury: ROS, endothelial 

damage, and barrier failure; secondary dysbio-

sis perpetuates inflammation and fibrosis. 

· Eosinophilic GI disease & chronic drug-

induced enteropathy (e.g., NSAIDs): Barrier 

disruption and type-2 or mixed immune activa-

tion; microbiome shifts can modulate severity. 

 

The microbiome represents a causally proximal 

regulator of mucosal immunity and epithelial 

health, with microbial metabolites such as SCFAs, 

bile acids, and indoles directly shaping immune 

balance, barrier integrity, and host metabolism. 

Dysbiosis and microbial functions serve as actiona-

ble biomarkers for relapse, therapeutic response, 

and neoplasia risk, while targeted interventions—

ranging from ecological modulation (diet, probiot-

ics, live biotherapeutics, FMT, phage therapy) to 

metabolite supplementation and barrier repair—

offer novel therapeutic levers. When combined with 

host genomics and mucosal profiling, microbiome-

based approaches enable precision stratification and 

endotype-guided treatment. Collectively, systematic 

evaluation and targeted modulation of the host–

microbe–metabolite axis hold promise for achiev-

ing durable mucosal healing, steroid-sparing dis-

ease control, and reduced long-term complications 

across chronic gut disorders. 

 

Pathophysiology of Gut Diseases in the Microbi-

ome Era 

Disruption of mucosal integrity 

The gut mucosa is the first line of defense against 

luminal antigens. Tight junction proteins, mucus 

layers, and epithelial turnover maintain barrier in-

tegrity. In chronic gut diseases, epithelial disruption 

leads to increased permeability (“leaky gut”), trans-

location of microbial products, and a sustained in-

flammatory cascade [4]. 

 

Microbiome-driven disease dynamics 

Gut microbiota provide critical metabolites—short-

chain fatty acids (SCFAs), bile acid derivatives, and 

tryptophan metabolites—that regulate immune tol-

erance and stem cell proliferation. Dysbiosis, de-

fined by loss of commensal taxa and expansion of 

pathobionts, correlates with disease severity in 

Crohn’s disease and ulcerative colitis [5]. For in-

stance: 

· Butyrate depletion reduces stem cell prolifera-

tion and barrier repair. 

· Indole derivatives from tryptophan metabolism 

modulate the aryl hydrocarbon receptor (AhR), 

influencing epithelial immunity. 

 

Mitochondrial dysfunction as a convergent mech-

anism 

Mitochondrial health is increasingly recognized as 

central to gut diseases [6]. In IBD, epithelial mito-

chondria exhibit reduced oxidative phosphoryla-

tion, impaired ATP generation, and excessive ROS 

production. Similar dysfunction occurs in infiltrat-

ing immune cells, sustaining inflammatory activa-

tion. Importantly, mitochondrial dysfunction im-

pairs epithelial progenitor cell renewal, linking en-

ergy metabolism directly to regenerative failure. 
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Organ-Specific Precursor and Progenitor Stem 

Cells for Gut Regeneration 

Gastric progenitors and regeneration 

Lineage tracing studies have identified isthmal pro-

genitor cells in the stomach as key drivers of muco-

sal turnover [7]. These progenitors regenerate sur-

face mucous and glandular lineages. Injury models 

demonstrate that transplantation of gastric organoid

-derived progenitors accelerates repair of ulcerated 

mucosa. Patient-derived gastric organoids also pro-

vide a platform for autologous regenerative therapy. 

 

Intestinal crypt progenitors 

The intestinal epithelium renews every 4–5 days, 

driven by crypt-base columnar LGR5+ stem cells 

and progenitor pools [8]. These cells give rise to 

absorptive enterocytes, goblet cells, and Paneth 

cells. Organoid technology has enabled long-term 

expansion of LGR5+ stem cells, which have been 

transplanted successfully in preclinical models to 

repair mucosal damage. 

 

Microbiome regulation of stem cell niches 

The microbiome profoundly influences stem cell 

niches. Butyrate, a microbial SCFA, promotes pro-

genitor proliferation by inhibiting histone deacety-

lases. Indole derivatives regulate Wnt and Notch 

signaling are critical for crypt renewal. Dysbiosis 

may therefore compromise stem cell regenerative 

potential [9]. 

 

Peptide-Based Therapeutics for Gut Mucosa 

Nano-organo peptides (NOPs) 

NOPs are rationally designed short peptides engi-

neered for organelle targeting, receptor binding, or 

biomimetic functions. Their nanoscale size permits 

mucosal penetration, while conjugation strategies 

enhance stability in the GI tract. Preclinical studies 

demonstrate that NOPs accelerate epithelial migra-

tion, stimulate angiogenesis, and modulate immune 

responses [10]. 

 

Mitochondrial-organelle peptides (MO peptides) 

MO peptides such as SS-31 (elamipretide) stabilize 

cardiolipin in mitochondrial membranes, enhance 

oxidative phosphorylation, and reduce ROS [11]. In 

models of IBD, mitochondrial peptides restore ATP 

levels and attenuate epithelial apoptosis. MO pep-

tides may also rescue mitochondrial function in 

progenitor cells, supporting their regenerative po-

tential. 

 

Peptide–microbiome interactions 

The microbiota influence peptide bioavailability by 

secreting proteases that degrade therapeutic pep-

tides. Conversely, peptide therapies may alter mi-

crobial ecology by stimulating host production of 

antimicrobial peptides (e.g., defensins) or by direct-

ly shaping microbial niches [12]. 

 

Durable mucosal healing in chronic gut disease ne-

cessitates interventions that couple structural regen-

eration with bioenergetic reprogramming. Stem cell 

platforms—including intestinal organoid-derived 

epithelial progenitors and mesenchymal stromal 

cells (MSCs)—can replenish depleted cell lineages, 

restore crypt–villus architecture, and secrete trophic 

factors that dampen inflammation and enhance bar-

rier repair.¹⁻³ However, the hostile metabolic milieu 

of chronic gut inflammation—characterized by hy-

poxia, excessive ROS, and disrupted nutrient 

flux—limits engraftment efficiency and functional 

integration.⁴⁻⁵ Organelle-targeted peptides, particu-

larly MO and NOPs, directly optimize oxidative 

phosphorylation, stabilize cristae morphology, and 

activate cytoprotective signaling cascades (e.g., 

AMPK–PGC1α, mitophagy circuits), thereby en-

hancing the survival and resilience of both trans-
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planted and resident cells.⁶⁻⁸ Therapeutic platforms 

increasingly integrate these modalities: (i) co-

delivery systems, such as bioengineered hydrogels 

or extracellular-matrix–mimetic scaffolds embed-

ding stem cells with MO peptides, provide local-

ized, sustained metabolic and structural support at 

mucosal injury sites;⁹ ¹⁰ (ii) sequential regimens, 

wherein peptides are deployed as niche-

preconditioning agents to restore redox and meta-

bolic tone before transplantation, or as post-

engraftment adjuvants to boost progenitor integra-

tion, barrier restitution, and tolerance signaling.¹¹ ¹² 

Such dual-pronged strategies exemplify next-

generation regenerative therapeutics that move be-

yond single-modality repair, offering a path toward 

durable remission in inflammatory bowel disease 

and related chronic enteropathies. 

 

Recent clinical translation of peptide-based thera-

pies in gut disease highlights their emerging role as 

both direct therapeutics and adjuncts to regenerative 

strategies. In steroid-resistant ulcerative colitis, a 

Phase IIa randomized trial of adrenomedullin (AM) 

demonstrated significant improvements in Mayo 

scores and remission rates, supporting its mucosal 

healing and immunomodulatory potential.¹ Oral 

peptide antagonists such as PTG-100, targeting the 

α4β7 integrin, have advanced through Phase 1 and 

2a studies in moderate-to-severe ulcerative colitis 

with evidence of safety, gut-selective activity, and 

early efficacy, with a larger Phase 2b trial under-

way.² Nutritional peptide formulations have also 

shown therapeutic benefit: a retrospective study of 

pregnant women with Crohn’s disease reported 

>80% remission with exclusive peptide-based en-

teral nutrition, suggesting both efficacy and safety 

in sensitive populations.³ Beyond human trials, 

agents such as glepaglutide (a GLP-2 receptor ago-

nist) demonstrate robust mucosal regenerative and 

anti-inflammatory activity in preclinical colitis 

models,⁴ while olamkicept (sgp130Fc), though a 

fusion protein, exemplifies peptide-adjacent target-

ing of IL-6 trans-signaling with Phase II efficacy in 

IBD.⁵ Collectively, these advances underscore the 

therapeutic versatility of peptide interventions in 

restoring barrier integrity, modulating immune–

metabolic signaling, and enhancing mucosal resili-

ence in chronic gut disease. 

Table 1: Comparison of current vs. emerging therapies for gut diseases.  

 

Convergence at the Epithelial–Microbiome–Mitochondrial Interface. 

Integrative therapy can be conceptualized as restoring a tripartite axis that maintains gut homeostasis. 

First, mitochondrial restoration in intestinal epithelial and stem cells re-establishes oxidative capacity, 

lowers pathological ROS, and reactives regeneration programs by normalizing fusion–fission dynamics 

(e.g., OPA1), phospholipid trafficking (e.g., STARD7), and mitochondria–ER Ca²⁺ crosstalk; these pro-

Peptide Therapy Target / Mechanism Disease Context Trial Phase / Findings 
Adrenomedullin (AM) Pleiotropic, mucosal healing Steroid-resistant UC Phase IIa; improved Mayo 

scores & remission signals 
PTG-100 α4β7 integrin antagonist Moderate-to-severe UC Phase 1/2a completed; 

Phase 2b underway 
Peptide-based formula Nutritional with peptides Crohn’s disease in pregnan-

cy 
Retrospective: 85.7% re-
mission in 12-week proto-
col 

Glepaglutide (GLP-2 ago-
nist) 

Epithelial regeneration Preclinical (rat models) Strong anti-inflammatory & 
regenerative efficacy 

Olamkicept (sgp130Fc) IL-6 trans-signaling inhibi-
tor 

Active IBD (including UC) Phase IIa/b: target engage-
ment; some achieved remis-
sion 
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cesses directly couple to epithelial renewal and 

barrier fitness . In parallel, barrier–microbiome ho-

meostasis is reinforced by boosting tight-junction 

assembly and energy supply for mucus and antimi-

crobial peptide (AMP) production, which together 

spatially confine microbes and stabilize a symbi-

otic ecology that resists dysbiosis . Finally, im-

mune–metabolic recalibration limits maladaptive 

inflammasome and NF-κB signaling while promot-

ing tolerance via mitochondrial signaling and mi-

crobially derived metabolites (notably SCFAs and 

tryptophan/aryl hydrocarbon receptor ligands) that 

reprogram epithelial and myeloid metabolism and 

sustain Treg circuitry.  Collectively, these conver-

gent mechanisms link epithelial bioenergetics to 

barrier integrity and host–microbe détente, offering 

tractable therapeutic nodes, from mitochondrial 

quality control to AMP induction and SCFA aug-

mentation, to restore durable mucosal health . 

 

Together, these synergistic strategies move beyond 

symptomatic control toward durable, mechanisti-

cally grounded mucosal regeneration, positioning 

stem cell–peptide therapy as a next-generation ap-

proach for chronic gastrointestinal diseases. 

 

Translational and Clinical Considerations 

Preclinical Models. 

Advanced in vitro and in vivo platforms are essen-

tial for evaluating integrative stem cell–peptide 

therapies in a human-relevant context. Organoids 

and gut-on-chip systems allow mechanistic testing 

of progenitor–peptide interactions within microbi-

ome-informed microenvironments, capturing epi-

thelial, immune, and microbial crosstalk.¹⁻³  Mu-

rine models of IBD provide valuable insights into 

inflammatory pathways, engraftment dynamics, 

and metabolic modulation, though they are limited 

by differences in microbial composition and im-

mune responses compared with humans.⁴⁻⁵ 

 

These models have demonstrated that the GI lumen 

imposes significant barriers, including low pH, 

proteolytic degradation, and dense mucus layers. 

Strategies to overcome these challenges include 

(but are not limited to) nanoparticle encapsulation 

to protect peptides from degradation and enable 

controlled release,⁶⁻⁷ mucoadhesive carriers for en-

hanced local retention at injured mucosa,⁸ and en-

capsulation of stem/progenitor cells within protec-

tive biomaterials such as hydrogels or scaffolds to 

maintain viability and support engraftment.⁹⁻¹¹ 

 

Biomarkers and Clinical Trial Endpoints. 

Comprehensive evaluation of integrative stem cell–

peptide therapies in chronic gut diseases requires 

multi-dimensional, mechanistically informed 

readouts that capture microbiome, mitochondrial, 

and clinical outcomes. Microbiome-based metrics 

assess restoration of SCFA-producing taxa, shifts 

in microbial composition, functional metabolomic 

signatures, and biofilm architecture, reflecting the 

degree of epithelial–microbial homeostasis 

achieved.¹²⁻¹³ Mitochondrial health is monitored 

through bioenergetic indicators, including 

ATP:ROS ratios, mitochondrial DNA copy num-

ber, and oxygen consumption rates, which provide 

insight into cellular metabolic recovery and regen-

erative potential.¹⁴⁻¹⁵ Finally, clinical endpoints 

(e.g., endoscopic evidence of mucosal healing, 

flare frequency and severity, patient-reported 

symptom scores, and quality-of-life indices) trans-

late preclinical and mechanistic findings into pa-

tient-relevant outcomes.¹⁶ Together, these integrat-

ed readouts enable a holistic assessment of thera-

peutic efficacy, guiding optimization of treatment 

regimens, validating mechanistic hypotheses, and 
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informing precision-guided interventions aimed at 

durable mucosal restoration and long-term func-

tional resilience. By integrating preclinical valida-

tion, delivery optimization, and biomarker-driven 

endpoints, this framework facilitates rational trans-

lation of stem cell–peptide therapies from bench to 

bedside, enabling precision-targeted interventions 

in chronic gut diseases. 

 

Future Directions and Conclusion 

Tailoring stem cell–peptide therapies to an individ-

ual’s microbiome and metabolome profile can opti-

mize efficacy, reduce adverse responses, and ena-

ble endotype-guided interventions for chronic gut 

diseases.¹⁻³ 

 

In addition, engineering progenitor cells to exhibit 

enhanced stress resistance or secrete microbiome-

responsive peptides offers the potential to adap-

tively modulate mucosal environments in situ, im-

proving engraftment and regenerative capacity.⁴⁻⁵ 

Complementing these cellular strategies, rationally 

designed NOPs with programmable organelle-

specific functions can restore mitochondrial activi-

ty, optimize epithelial metabolism, and suppress 

inflammatory signaling, thereby synergizing with 

progenitor-based therapies to enhance mucosal re-

pair and homeostasis.⁶⁻⁷ Moreover, AI-guided ana-

lytics, non-invasive mucosal imaging, and weara-

ble biosensors enable real-time monitoring of ther-

apy outcomes, microbiome shifts, and metabolic 

responses, supporting dynamic, data-driven adjust-

ments in treatment regimens.⁸⁻¹⁰ 

 

Further, tri-modality strategies combining progeni-

tor cells, organelle-targeted peptides, and engi-

neered probiotics can re-establish a fully functional 

mucosal ecosystem, simultaneously addressing epi-

thelial regeneration, metabolic homeostasis, and 

microbiome balance.¹¹⁻¹³ These forward-looking 

strategies envision a mechanistically grounded, 

precision-guided, and multi-modal therapeutic par-

adigm for chronic gut diseases, advancing beyond 

symptomatic control toward durable mucosal resto-

ration and long-term healthspan improvement. 

 

In conclusion, chronic gut diseases arise from fail-

ure of the epithelial–microbiome–mitochondrial 

axis. Therapies that address only inflammation ne-

glect the fundamental deficits in regeneration and 

energy metabolism. Organ-specific progenitor cells 

and peptide-based therapeutics represent comple-

mentary strategies to restore mucosal integrity and 

mitochondrial health. Their convergence, support-

ed by advances in organoid biology, peptide engi-

neering, and microbiome science, offers a path to 

precision regenerative therapies capable of trans-

forming treatment of gastrointestinal diseases. 

 

References  

1. Nikolaev M, Mitrofanova O, Broguiere N, et 

al. Homeostatic mini-intestines through scaf-

fold-guided organoid morphogenesis. Nature. 

2020;585(7826):574-578. 

2. Turco MY, Fumagalli A, van Es J, et al. Long-

term expansion of human epithelial organoids 

from endodermal tissues and applications in 

disease modeling. Science. 2021;371

(6531):eaba5510. 

3. Jaramillo M, Yeh YT, Gerecht S. Biomaterials-

based strategies for epithelial repair and regen-

eration in the gastrointestinal tract. Nat Rev 

Gastroenterol Hepatol. 2023;20(2):111-128. 

4. Kim J, Koo BK, Knoblich JA. Human organ-

oids: model systems for human biology and 

medicine. Nat Rev Mol Cell Biol. 2020;21

(10):571-584. 

AJMCRR, 2025                                                                                                                                                            Volume 4 | Issue 9 | 8 of 9 



5. Capeling MM, Czerwinski M, Huang S, et al. 

Nonadhesive alginate hydrogels support growth 

of intestinal organoids and colonic crypts. Cell 

Mol Gastroenterol Hepatol. 2019;7(3):553-564. 

6. Lee J, Choi J, Park J, et al. Mitochondria-

targeted peptide therapeutics for degenerative 

diseases. Adv Drug Deliv Rev. 

2022;190:114500. 

7. Liu X, Chen Y, Li Z, et al. Smart biomaterials 

delivering peptides for tissue regeneration. Adv 

Mater. 2021;33(25):2007429. 

8. Murohara T, Ikeda H, Oike Y. Cell therapy and 

peptide medicine for ischemic disease: thera-

peutic angiogenesis and mitochondria-targeted 

strategies. Circ Res. 2020;126(9):1124-1142. 

9. Jackson DN, Theiss AL. Gut bacteria signaling 

to mitochondria in intestinal inflammation and 

cancer. Gut Microbes. 2020;11(3):285-304. 

10. Rath E, Moschetta A, Haller D. Mitochondrial 

function—gatekeeper of intestinal epithelial cell 

homeostasis. Nat Rev Gastroenterol Hepatol. 

2018;15(8):497-516. 

11. Boyapati RK, Dorward DA, Tamborska A, et 

al. Mitochondrial DNA is a pro-inflammatory 

damage-associated molecular pattern released 

during active IBD. Nat Commun. 2018;9(1):1-

11. 

12. Chen H, Wang L, Yu X, et al. Nanotechnology 

strategies for mitochondria-targeted delivery of 

therapeutic agents. Adv Drug Deliv Rev. 

2023;196:114776. 

13. Lavelle A, Sokol H. Gut microbiota-derived 

metabolites as key actors in inflammatory bow-

el disease. Nat Rev Gastroenterol Hepatol. 

2020;17(4):223-237. 

14. Agus A, Clément K, Sokol H. Gut microbiota-

derived metabolites as central regulators in met-

abolic disorders. Gut. 2021;70(6):1174-1182. 

15. Thorburn AN, Macia L, Mackay CR. Diet, me-

tabolites, and “western-lifestyle” inflammatory 

diseases. Immunity. 2014;40(6):833-842. 

16. Spak E, Björklund P, Helander HF. Studies of 

the epithelial–microbiome–mitochondrial axis 

in health and disease: translational implications. 

Cell Metab. 2022;34(9):1328-1345. 

AJMCRR, 2025                                                                                                                                                            Volume 4 | Issue 9 | 9 of 9 


