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Abstract

The surface and lining tissues of our body are exposed to the external environment, and as such 

these epithelial tissues must form structural barriers able to defend against microbes, 

environmental toxins, and mechanical stress. Their cells are equipped to detect a diverse array of 

surface perturbations, and then launch signaling relays to the immune system. The aim of these 

liaisons is to coordinate the requisite immune cell response needed to preserve and/or restore 

barrier integrity and defend the host. It has been recently appreciated that epithelial cells learn 

from these experiences. Following inflammatory exposure, long-lived stem cells within the tissue 

retain an epigenetic memory that endows them with heightened responsiveness to subsequent 

encounters with stress. Here, we review the recent literature on how epithelial cells sense signals 

from microbes, allergens, and injury at the tissue surface, and transmit this information to immune 

cells, while embedding a memory of the experience within their chromatin.

Introduction

Epithelial tissues, including those of the gastrointestinal tract, skin, and lungs constitute the 

physical barrier between our bodies and the external environment and are routinely exposed 

to a myriad of inflammatory stimuli. These barriers are formed and maintained by stem cells 

that balance self-renewal with differentiation to replenish dying cells and repair the tissue 

after injury [1] (Figure 1). An ever-growing body of literature points to the ability of 

epithelial stem cells to sense a barrier breach and relay this information to the immune 

system to mount a defense against pathogen invasion.

Epithelial cells are fully functional sentinels, capable of recognizing perturbations in their 

microenvironment, signaling for reinforcements, and secreting defensins to control a threat. 

They are equipped with an arsenal of pattern recognition receptors that enable them to sense 

and respond to an array of cues. These cues form and instruct epithelial stem cell responses 

via downstream signaling cascades that reinforce barrier integrity, alert neighboring 

epithelial cells, recruit immune cells, and ameliorate damage. The dialogue between 
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epithelial progenitors and immune cells is fine-tuned to facilitate coordinated responses to 

preserve homeostasis and mount host defense.

The extent of the epithelial-immune cell dialogue as well as the explicit role of immune cells 

in mediating immunity have been previously reviewed [2–6]. Here, we discuss how cues 

stemming from microbes, environmental factors/allergens and tissue damage instruct 

epithelial defenses and relays signals to the immune system. We conclude by addressing a 

novel function of epithelial cells in mediating immunity namely through their retention of an 

epigenetic memory of inflammatory exposures that heightens their sensitivity to future 

challenges.

Altogether, the recent literature demonstrates that epithelial cells are not mere foot soldiers 

carrying out orders from commanding lymphocytes. Rather, they too are generals that 

orchestrate tissue response to threats, and initiate inflammatory responses, co-opting the help 

of immune cells, and learning from prior exposures.

Microbes inform epithelial responses

Residing at environmental interfaces, epithelial tissues are exposed to and colonized by 

microbes including bacteria, fungi, protozoa, and viruses. An individual’s microbiota is 

comprised of trillions of microorganisms, consisting largely of commensal bacteria that 

facilitate homeostasis by setting the immunological tone, affecting cellular metabolism, and 

regulating pH [7]. The composition of the microbiome differs from one body site to another 

and is dependent on factors including chemistry of the tissue, nutritional status, environment, 

genetic landscape, and co-infection of the host [8]. As such, different epithelial barriers are 

exposed to and adapt to diverse microbes. Establishment of host-microbe interactions is 

particularly important after birth, where epithelial cells must rapidly cope with exposure to 

microbiota beyond that which exists in the intrauterine environment [9–11]. Failure to 

generate a healthy microbiome with appropriate colonization leads to an increase in 

immune-mediated diseases such as autoimmunity, allergy, obesity, and cancer [12–14]. 

Bacteria themselves elicit epithelial responses, which depending on the species and 

microenvironment can function to either maintain tissue homeostasis or alternatively, alert 

the tissue to pathogenic insult and trigger a hyperproliferative response within the epithelium 

(Figure 2a).

Commensal colonization and healthy interactions

One of the first commensals to colonize intestinal epithelium is the facultative aerobe 

Escherichia coli [15]. Introduction of commensal E. coli to sterile intestinal organoids 

stimulated production of mucus and other protective programs that help the epithelium 

protect itself and the host from harm [16,17]. In vivo, commensal microbiota instruct 

intestinal epithelial cells (IECs) to preserve microbial homeostasis, while simultaneously 

tuning IEC-immune cell crosstalk to prevent pathogenic microbial invasion. Commensals 

achieve this regulatory capacity by secreting modulatory proteins, effecting changes in gene 

expression within the IECs and influencing MHC Class II expression and antigen 

presentation to immune cells [69].
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Microbial-epithelial crosstalk is complex and a comprehensive review is beyond the scope of 

the current review. However, the ability of epithelia to sense microbial species and enact an 

informed response is integral to why epithelia are increasingly considered as a bona fide 

central component of the immune system [7,8,18]. For instance, the presence of intestinal 

commensals such as Enterococcus faecium, elicits a protective effect by secreting a 

peptidoglycan hydrolase, secreted antigen A (SagA). IECs respond to SagA by increasing 

their expression of barrier effectors and antimicrobial peptides, which in turn confer 

protection to the host [19,20]. This commensal-epithelial cell interaction is a conserved 

feature from Caenorhabitis elegans to mice, highlighting the near universal requirements and 

commonalities for barrier epithelium throughout evolution and also emphasizing the 

importance of microbial instruction in facilitating epithelial homeostasis.

Another important example of microbial instruction involves retinoic acid (RA), an 

immunomodulatory vitamin A metabolite that is released by IECs and stimulates T cells and 

group 3 innate lymphoid cells (ILC3s) to release interleukin(IL)-22. Vitamin A induces 

retinoic acid receptor β (RARβ) activation, an IEC transcription factor that directs 

expression of serum amyloid A (SAA) genes to regulate T helper 17 (TH17) cell effector 

function and T cell homing in the gut [70]. In a turn-about, IL-22 receptor signaling in the 

IECs stimulates them to mount an anti-pathogen response. The commensal family Clostridia 
regulates RA concentration in IECs by suppressing expression of a key enzyme involved in 

Vitamin A metabolism, enabling the microbe to use IECs as go-betweens in fine-tuning the 

IL-22 immune response that prevents microbial dysbiosis and pathogen colonization [21].

Recently, it was found that commensal segmented filamentous bacteria (SFB) tightly hook 

onto IECs and extrude a protein through microbial adhesion-triggered endocytosis (MATE). 

IECs process this protein and present it through major histocompatibility complex (MHC) 

class II to TH17 cells, which expand in response to maintain mucosal T cell homeostasis to 

these resident gut microbes [22•]. In another example of direct communication between 

commensal microbiota and epithelium, commensals colonizing neonatal skin stimulate 

nearby epidermal cells to secrete the chemokine CCL20, which activates its cognate receptor 

CCR6 on regulatory T cells (Tregs) in the skin. In turn, these Tregs establish tolerance to skin 

commensal bacteria, thereby facilitating proper immune homeostasis [23]. Keratinocyte-

derived CCL20 also recruits RORyt+ ILCs to hair follicle orifices, where they restrict 

sebocyte proliferation and thereby limit sebum production. The relation is a symbiotic one, 

since sebum contains antimicrobial lipids that restrict colonization of Gram-positive 

bacterial communities [24]. Together, these studies beautifully demonstrate that epithelial 

cells are key players in sampling microbial populations and relaying information to the 

immune system in the collective decision-making process of which will be allowed to stay 

as resident commensals.

Combating pathogens and restoring homeostasis

Upon detection of pathogenic insults, epithelia respond by upregulating expression of 

defensins, which confer immediate protection to the host, and alarmins, which convey 

danger signals to neighboring epithelial cells and to the immune system. Salmonella enterica 
infection, a pathogenic microbe for the gut, mobilizes IECs to generate a plethora of 
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antimicrobial peptides, and to express pattern recognition receptors, such as NLRP6. Under 

homeostatic conditions, these antimicrobial peptides are largely restricted to the enterocyte 

lineage of intestinal epithelial stem cells (ISCs), but Salmonella broadens expression across 

the entire epithelium [25]. If the ability to make antimicrobial peptides is compromised, 

flagellated bacteria like S.enterica proliferate rampantly, resulting in microbial dysbiosis and 

colitis [26]. Similarly in skin lesions of atopic dermaitis patients, Staphylococcus aureus 
dominates leading to a loss of anaerobic spcies. This dysbiosis elicits a robust epithelial 

transcriptional response related to barrier function, metabolic reprogramming, antimicrobial 

defense, and T helper type 2 signaling [71].

Epithelia are also equipped with surface receptors called toll like receptors (TLRs), which 

recognize conserved molecular patterns associated with pathogens or tissue damage. Once 

activated, TLRs signal through an adaptor protein Myd88 to activate NFκB [27]. Loss of 

Myd88 in IECs also compromises production of antimicrobial peptides and leads to 

expansion of pathogens [28]. These receptors also facilitate detection of pulmonary fungal 

infections, which lung epithelial cells restrict through an NFkB-IL-1R-CCL20 axis that 

recruits Th17 cells and ILCs to fight infection [72].

Recently, researchers have found that at least in some instances, these infections can coax 

epithelial stem cells to skew their fate decisions and differentiate into more specialized 

effectors of host defense. Some infections can affect epithelial fate decisions by activating 

specific lineage programs within the ISCs. Thus, for instance, in response to S. enterica 
infection, ISCs and their short-lived progeny execute a transcriptional program that increases 

the pools of enterocytes and Paneth cells, epithelial lineages that are primed to fight 

infections [25]. Alternatively, however, as in the case of a Clostridium difficile infection, 

infected IECs trigger a host defense mechanism, undergoing apoptosis to prevent the spread 

of infection [29].

Microbial DNA and viral nucleoproteins are pathogen-associated-molecular-patterns 

(PAMPs), and their detection within a cell launches host defense systems. One mechanism is 

through inflammasome activation. Upon encountering cytosolic DNA, the AIM2 

inflammasome triggers a molecular cascade that culminates in the activation of caspase 1 

(CASP1) and proinflammatory cytokines IL-1β and IL-18. Influenze A virus (IAV) 

nucleoprotein also serves as a PAMP and is detected by lung epithelial cells through human 

myxoma resistance protein 1 (MxA), an inflammasome sensor protein. Upon IAV detection, 

MxA induces inflammasome formation and IL-1β secretion [73]. Like a number of other 

cytokines, IL-1β and IL-18 are secreted where they can act on neighboring epithelial cells to 

induce an antimicrobial pattern, which in turn aids in regulating the epithelium’s bacterial 

flora [30]. Cyclic GMP-AMP synthase (cGAS) is another cytosolic DNA sensor, where 

when activated generates cGAMP to activate the stimulator of interferon response genes 

(STING) and mount a strong innate immune response that restricts viral infection [31]. The 

two pathways may be intertwined since IL-1β can signal to neighboring epithelia, which can 

trigger release of mitochondrial DNA into the cytoplasm, thereby activating STING [32]. 

Adding to this complexity, following infection by pattern recognition-evasive viruses such as 

VSV, ZIKV and HSV1, epidermal keratinocytes release IL-1 cytokines, enabling an antiviral 

program to be induced in surrounding fibroblasts and epithelial cells [33].
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Following resolution of a pathogenic insult, the epithelium becomes central in restoring its 

homeostatic commensal flora. Indeed, all epithelia have to be equipped to deal with 

microbial dysbiosis, or overexpansion of certain commensal species. One subset of 

chemosensing epithelial cells are Tuft cells, which are derived from ISCs in the gut. Tuft 

cells express receptors to detect succinate, released into the environment by certain 

microbes/pathogens. When succinate-producing organisms expand, an indicator of 

dysbiosis, Tuft cells sense the accumulating metabolite and expand in synchrony. In turn, the 

local concentration Tuft cell-derived IL-25 rises, leading to ILC2 activation and a type 2 

immune response [34,35]. Intriguingly, the expansion of ILC2s results in a feedforward 

loop, since ILC2s produce IL-13, which prompts ISCs to skew their fates favoring their 

differentiation into tuft and goblet cells [36•]. Overall, this epithelial-ILC2 response circuit is 

important not only to restoring homeostasis after microbial dysbiosis, but also to the 

clearance of parasites and helminths [37–40].

Together these studies highlight the importance of commensal microbe-host interaction in 

maintaining epithelial cell barriers and the epithelium’s role in preventing and coping with 

pathogenic infection.

Instruction from environmental and allergic cues

As the primary interfaces with the external environment, epithelial surfaces also come into 

contact with various chemical and allergic cues that influence their behavior. Epithelia must 

be equipped to mount an immune response, but they must also be able to temper it in order 

to prevent detrimental oversensitization to harmless substances. Similar to microbial pattern 

recognition receptors, the epithelium is equipped with multiple sensors that alert it to 

pollutants, allergens, and other encounters with non-living irritants (Figure 2b).

One mode by which the epithelium senses such changes is through the environmental sensor, 

arylhydrocarbon receptor (AHR) [41]. AHR is a transcription factor, which is activated by a 

myriad of environmental contaminants (‘co-factors’) such as dioxin or xenobiotic 

substances, as well as tryptophan, glucosinolate, and polyphenolic metabolites. AHR 

signaling is key in epithelial barrier integrity, microbial balance, and maintenance of 

intraepithelial lymphocytes and ILC3s [38,39]. In the intestine, AHR is essential to the 

epithelium’s defense against pathogenic infection by microbes such as Citrobacter 
rodentium. It also regulates stem cell self-renewal and differentiation following injury. In the 

absence of AHR signaling, stem cell divisions are left unchecked, promoting chronic 

inflammation and contributing to tumorigenesis [42]. Microbial metabolites such as 

Urolithin A (UroA), which come from polyphenolics in berries and pomegranate fruits, 

activate AHR to trigger NRF2, the master transcriptional regulator of the glutathione 

pathway that clears reactive oxygen species and other damaging compounds from the cell. 

AHR signaling also upregulates epithelial tight junction proteins, ameliorating barrier 

dysfunction in pre-clinical models of colitis and protecting the skin against transepidermal 

water loss and chronic inflammatory states like psoriasis, which involves the production of 

excessive Th17 cells [43,44]. While protection against inflammation is good in disease 

contexts, it can be deleterious when the immune system must be rapidly called to action. Not 

surprisingly, AHR activation is under tight control. As soon as it is activated, its downstream 
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targets include genes whose proteins metabolize AHR ligands, thereby eliminating the 

stimulus [45]. Interruption of this negative feedback loop, through aberrant AHR receptor 

activation and/or dietary/environmental intervention will be interesting future avenues to 

pursue for treating humans with barrier disorders and/or chronic inflammation.

Allergic inflammation in the airways is often caused by exposure and inhalation of allergens 

such as house dust mites, particulate matter, or cockroach allergen, which sensitizes the 

epithelium to subsequent encounters. Epi-cutaneous exposure to such antigens can also 

trigger atopic dermatitis, an inflammatory skin disorder typified by an imbalance in 

epidermal differentiation and an excess of Th2 cells. Skin sensitization to allergens often 

results in a systemic allergic response, and patient studies suggest that this predates, and may 

exacerbate asthma and allergic rhinitis [46].

Inhaling allergens triggers TLR-Myd88 signaling in lung epithelial cells, causing them to 

release uric acid and cytokines such as GM-CSF, IL-33, and IL-1α that can augment 

antigen-specific T cell proliferation, activate dendritic cells and lead to chronic airway 

inflammation [47–50]. Some allergens such as the cockroach protease ‘Per a 10’, trigger an 

allergic response by disrupting the epithelium’s tight junctions, chemoattractants for 

dendritic and other immune cells, which is known to destabilize adherens junctions and in 

turn lead to NFκB activation and the production of a number of different chemoattractants 

for dendritic and other immune cells [51,52,53•]. Intriguingly, people who live on farms 

rarely develop asthma or allergies. Work by Schuijs et al., revealed that exposure to low-dose 

endotoxin (bacterial lipopolysaccharide) or farm dust, dampens NFκB activation and 

epithelial production of the cytokines that activate dendritic cells, thereby suppressing type 2 

immunity to house dust mites and curbing development of an asthmatic response [54•].

Together, these findings further underscore that an epithelium’s ability to effectively identify 

and adapt to cues from the external environment is paramount to organismal survival. Proper 

epithelial recognition of these cues leads to generation of immune tolerance, and prevention 

of both allergic responses and inflammatory disease.

Exposure to injury instructs epithelial stem cells to respond

At the boundary between an organism and the external environment, epithelial tissues are 

often subjected to mechanical stress. The injury instructs the epithelium on how quickly to 

respond to the threat and establishes the communication network involved in recruiting 

immune cells to collaborate on patching the breached barrier (Figure 2c). Recent work, by 

Lay et al., revealed that in a stratified epithelium such as the skin epidermis, a breach in the 

terminally differentiated cells of the barrier may be sensed directly by the underlying stem 

cells, through the shared, aberrant intercellular interface. Independent of the resulting 

bacterial infiltration, the stem cells sense the breach and transmit chemokine and cytokine 

distress signals to recruit and galvanize dendritic cells and regulatory T cells. The activated 

Tregs in particular appear to stimulate the stem cells to proliferate and patch the barrier 

breach [53•]. Following tissue damage skin epithelial cells secrete alarmins including IL-1, 

IL-18, IL-25, and IL-33 that signal to commensal-specific type 17 T cells, which 

homeostatically mediate antimicrobial activity, but can be co-opted to rapidly turn on tissue 
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repair programs including release of type 2 cytokines to facilitate wound healing [55•]. 

Increasing evidence suggests that establishing communication lines with these T cells may 

be of general importance for tissue stem cells to efficiently repair their wounds [2,56].

In the lung, injury induced by influenza virus or bleomycin results in the activation of 

NOTCH signaling in the epithelial progenitors. Once mobilized, lung progenitors migrate to 

the site of injury and begin to differentiate to restore the lung epithelium and reconstitute the 

multiple cell lineages that comprise the airway [57]. If the injury is severe, the lung has 

distal facultative progenitors, which can regenerate alveoli. Responsive to WNT and FGF 

signaling, which are elevated at the wound site after severe injury, these alveolar epithelial 

progenitors then proliferate and migrate to re-epithelialize the damaged tissue [58]. WNTs 

are known to be produced by activated macrophages, which accumulate at sites of tissue 

damage, suggestive of a communication network between the lung progenitors and the 

immune system [2,59].

Following injury in the intestine, ISCs also rely on crosstalk with immune cells to repair the 

niche. Resident ILCs sense danger and secrete IL-22. IL-22 receptor signaling in ISCs 

triggers the JAK/STAT pathway, stimulating proliferation and expansion of the stem cell 

pool [60]. If damage is too great, as it can be after ionizing radiation, ISCs will die, leading 

to life-threatening gastrointestinal damage. In this case, the culprit appears to be AIM2, 

which is activated by the double-stranded DNA breaks that are generated by ionizing 

radiation. Indeed loss of AIM2 protects against irradiation-induced gastrointestinal 

syndrome [61].

Overall, these findings indicate that although each epithelial tissue is at risk of distinct 

injuries, the resident stem cells of each epithelium possess the same underlying mission, 

namely to repair a breach to the epithelial barrier. Studies show that although epithelial stem 

cells possess intrinsic means of responding to tissue damage, they rely upon their recruited 

immune cell collaborators to effectively patch and restore the barrier. Herein lies the 

diversity as based upon the literature thus far, the communication networks between tissue 

stem cells and immune cells seem endless, and will occupy scientists at these switchboards 

for years to come.

Epithelial cells learn from and remember their inflammatory exposures

Thus far we have discussed how epithelial cells receive cues from microbes, environmental 

agents, and injury that influence their immediate behavior to preserve barrier integrity. In a 

provocative study, it was discovered that the influence of these cues extends beyond short-

term experience. Rather, epithelial stem cells possess epigenetic scars of their inflammatory 

experiences long after the pathology of an initial assault has resolved (Figure 3). Moreover, 

as recently demonstrated by Naik et al., this memory, harbored within the chromatin of the 

stem cell, heightens their sensitivity to similar, subsequent exposures, and equips them with 

enhanced tissue repair capacity [62••].

In part, this accelerated wound healing results from a cohort of chromatin domains that 

become accessible at the peak of the inflammatory response and are retained following 
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resolution. Underscoring their physiological relevance, when these chromatin domains are 

used as enhancers to drive eGFP in vivo, they act as inflammation sensing regulatory 

elements. Furthermore, these elements are associated with genes encoding epidermal 

migration and barrier proteins that are important in wound repair and restoration of the skin 

barrier.

While the field is still new, signs of a conserved mechanism among epithelial tissues are 

beginning to surface. Recently, it was reported that lung epithelial cells differentially adjust 

their transcriptome long-term following pneumonia exposure. Approximately 80% of the 

expression profile was dependent upon CD4+ tissue resident memory T cells, including the 

elevation of the CXCL5 chemokine which enhanced the recruitment of neutrophils to 

optimize host defense. Notably, however, a subset of genes changes persisted even after T 

cells were depleted, suggesting that lung epithelial cells retain a memory of their encounter 

with pneumonia [74]. While Naik et al., show inflammatory memory is largely an adaptive 

feature of epithelial progenitors, another study suggests that a similar mechanism may 

contribute to the chronic nature of allergic disorders. In lung epithelium, basal cells retain a 

signature of inflammatory exposure following chronic rhinosinusitis even after removal from 

their environment. Treatment of a patient with a monoclonal antibody targeting the shared 

IL4Rα subunit of the IL-4 and IL-13 receptors, showed retention of several disease-

associated genes including CTNNB1, a key WNT mediator that influences basal cell 

proliferation and differentiation [63••]. This begs the question of whether inflammatory 

memory is adaptive or maladaptive. Can the ‘good’ memories be uncoupled from the ‘bad’ 

memories? Can inflammatory memory in epithelial stem cells be targeted for development 

of novel therapies to treat inflammatory disorders?

Concluding remarks

Epithelial cells are equipped with an arsenal of receptors that facilitate their detection of 

specific microbes, environmental agents, and tissue damage. These cells coordinate this 

information to implement fine-tuned responses to mitigate damage, repair the tissue, and 

restore homeostasis. These cues not only instruct the epithelium in the short-term, but also 

educate its stem cells so that they remember and can respond faster during subsequent 

exposures. Like that which has been described in both the innate and adaptive immune cells, 

epithelial stem cells too can be trained and retain long-term adaptions resulting in their 

enhanced responsiveness (Figure 3).

Finally, on the heels of these studies, it was recently shown that hematopoietic stem cells 

and multi-potent progenitors also possess epigenetic memory of their inflammatory 

experiences [64–66]. Inflammatory memory in stem cells is akin to what has been described 

for trained immunity in monocytes, macrophages, innate lymphoid cells, and natural killer 

cells [67,68]. Following a stimulus, innate immune cells are epigenetically rewired resulting 

in sustained changes in transcriptional programs and contributing to increased 

responsiveness to nonspecific secondary stimuli. One readily apparent, but interesting 

difference between memory in stem cells and innate immune cells is stem cell’s 

multipotency and their ability to pass these epigenetic signatures on to future generations of 

stem cells and to their differentiated progeny resulting in education of the entire tissue. The 
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longevity of memory in stem cells versus innate immune cells will be an interesting area to 

explore as stem cells persist for the majority of an organism’s lifetime.

Furthermore, it remains to be explored whether there are conserved mechanisms of 

inflammatory memory between distinct tissue compartments. For instance, in HSCs, the 

inflammatory memory involves a cohort of cholesterol biosynthesis genes that are 

remarkably similar to those induced by epidermal stem cells. However, in contrast to 

epidermal stem cells which appear to use these proteins for re-epithelialization and barrier 

establishment, HSCs appear to use them to skew their lineages in favor of myeloid cells, 

such as macrophages [62••,64]. In the future, it will be interesting to determine the 

underlying mechanisms involved in the establishment of inflammatory memory and the 

extent to which memory harbored within stem cells is utilized to suit the particular needs of 

each tissue and its repair process.

Lastly, future work is needed to better characterize inflammatory memory in stem cells. To 

date these memory domains have been defined by chromatin accessibility, but the 

fundamental question of what further distinguishes their chromatin landscape that results in 

propagation of epigenetic information long-term is still largely a mystery.
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Figure 1. 
Simplified schematic of epithelial tissues of the skin, lung, and small intestine. The skin is 

composed of epidermis (outer) and dermis (inner) layers. The epidermis is a stratified 

epithelium maintained and replenished by epithelial stem cells that reside in the innermost 

layer in contact with the basement membrane. Hair follicles form an orifice to the external 

environment, extend into the dermis, and are maintained by stem cells in the bulge that 

activate to generate new hairs. The sebaceous gland secretes sebum containing antimicrobial 

properties into the hair follicle orifice to prevent pathogen infiltration. In the lungs, the 

extrapulmonary tissue is a stratified epithelium that transitions to a simple epithelium further 

down the respiratory tree. Basal cells in these layers are able to generate the different 

specialized cell types of the lung epithelium. In the intestine, stem cells reside in the crypt, 

where they self-renew or differentiate into the various cell types of the intestine including 

Paneth cells, Tuft cells, and Goblet cells. Created with BioRender.com.
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Figure 2. 
Epithelial initiated immune cell crosstalk in response to microbes, environmental factors/

allergens and injury. (a) Microbes largely fall into two categories: commensals and 

pathogens, where each elicits a variety of responses from epithelial cells. Commensals 

instruct epithelial cell behavior through release of microbial proteins or metabolites. The 

epithelial cells in turn communicate this information to immune cells through MHCII, 

release of specific cytokines, or metabolites. In the event of pathogen invasion, epithelial 

cells are equipped with an arsenal of pattern recognition receptors (PRR) that allow 

detection of a variety of molecular signatures both at the extracellular membrane and within 

the cytosol. This information sets off signaling cascades that results in epithelial release of 

antimicrobial peptides and alarmins that signal to the immune system for help. (b) 

Environmental factors including dietary metabolites and allergens are detected by epithelial 

cells through internal sensors such as arylhydrocarbon receptor (AhR), membrane-bound toll 

like receptors (TLR), or through weakening of intercellular junctional proteins. Detection of 

these environmental cues leads to a transcriptional response that mounts host defenses 

including release of cytokines and chemokines that recruit and promote the expansion of a 

variety of immune cells. (c) Injuries result in a strong proliferative and migratory response 

within epithelial cells to reinstate barrier integrity. Epithelial cells detect barrier breaches 

through a variety of mechanisms including loss of intercellular junctions, Notch signaling, or 

presence of self-DNA within the cytosol. Immune cells are recruited and work together with 

epithelial cells to rapidly reseal the barrier breach. Created with BioRender.com
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Figure 3. 
Epithelial stem cells retain a memory of inflammation. Epithelial stem cells are routinely 

exposed to inflammatory stimuli ranging from microbes, virus, injury and environmental 

factors. During an inflammatory response, inflammation-induced transcription factors 

facilitate chromatin remodeling resulting in increased chromatin accessibility. Upon 

resolution, epithelial stem cells retain inflammation-induced chromatin accessibility, but 

how these loci are maintained remains unknown. Perhaps it is the coupling of homoeostatic 

transcription factor binding with other epigenetic features such as histone modifications and 

DNA methylation? During a secondary challenge, stem cells have an increased 

transcriptional response which in the case of skin epithelial stem cells results in enhanced 

wound repair and in the case of airway epithelial progenitors propagates chronic 

inflammation. Further investigation is needed into the inflammation-induced epigenetic and 

cellular changes within epithelial progenitors and their contribution to inflammatory 

memory. Created with BioRender.com.

Larsen et al. Page 16

Curr Opin Immunol. Author manuscript; available in PMC 2020 March 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://BioRender.com

	Abstract
	Introduction
	Microbes inform epithelial responses
	Commensal colonization and healthy interactions

	Combating pathogens and restoring homeostasis
	Instruction from environmental and allergic cues
	Exposure to injury instructs epithelial stem cells to respond
	Epithelial cells learn from and remember their inflammatory exposures
	Concluding remarks
	References
	Figure 1
	Figure 2
	Figure 3

