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Summary 

Cytosolic innate immune sensing is critical for protecting barrier tissues. NOD1 and NOD2 are 

cytosolic sensors of small peptidoglycan fragments (muropeptides) derived from the bacterial 

cell wall. These muropeptides enter cells, especially epithelial cells, through unclear 

mechanisms. We previously implicated SLC46 transporters in muropeptide transport in 

Drosophila immunity. Here we focus on Slc46a2, which is highly expressed in mammalian 

epidermal keratinocytes, and show that it is critical for delivery of DAP-muropeptides and 

activation of NOD1 in keratinocytes, while the related transporter Slc46a3 is critical for 

responding to MDP, the NOD2 ligand. In a mouse model, Slc46a2 and Nod1 deficiency strongly 

suppressed psoriatic inflammation, while methotrexate, a commonly used psoriasis therapeutic, 

inhibited Slc46a2-dependent transport of DAP-muropeptides. Collectively these studies define 

SLC46A2 as a transporter of NOD1 activating muropeptides, with critical roles in the skin 

barrier, and identify this transporter as an important target for anti-inflammatory intervention. 
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Introduction 

Cytosolic innate immune receptors play critical roles in host defense by sensing microbial 

products that access the cell interior and activating potent immune and inflammatory responses 

(1, 2). These receptors include several nucleic acids sensors, such as cGAS, RIG-I, NLRP1 and 

AIM2, as well as others that respond to bacterial products (NOD1/2, NAIPs/NLRC4) or danger 

signals (NLRP1/3)(2-7). In some cell types, ligands for these cytosolic sensors can be imported 

into the cytosol (8-12). For instance, fragments of the bacterial cell wall, or muropeptides, enter 

the cytosol and drive potent inflammatory responses by activating NOD1/2 and NF-kB (13, 14). 

Muropeptides that contain the amino acid diaminopimelic acid (DAP), common to gram-

negative bacteria and gram-positive bacilli, are potent NOD1 agonists, while muramyl-dipeptide 

(MDP), derived from nearly all bacterial peptidoglycan, activates NOD2.   

While muropeptides can enter into some cell types, the underlying mechanisms of entry are 

unclear (15). Several reports have linked the solute carrier 15 (SLC15) family of peptide 

transporters to cytosolic muropeptide delivery (16-21). However, these solute carriers have not 

been directly demonstrated to transport muropeptides and are not specifically required for NOD 

signaling, but instead have recently been linked to IRF5 activation following stimulation of 

TLRs as well as NODs (22, 23). On the other hand, we recently identified the SLC46 family as 

candidate muropeptide transporters in Drosophila and mammalian cells (24). In particular, 

human or mouse SLC46A2 or SLC46A3, but not SLC46A1 (encoding the Proton Coupled Folate 

Transporter), strongly enhanced muropeptide-triggered NOD-dependent NF-kB reporter activity 

in cell lines. SLC46A2 is particularly intriguing as it was highly effective in delivering the DAP-

containing muropeptide tracheal cytotoxin (TCT) to the cytosolic innate immune receptor NOD1 

in these reporter assays, yet it is expressed in only a limited set of tissues. Analysis of publicly 

available databases and previous publications reveals that Slc46a2 is predominantly expressed in 

the skin epidermis as well as cortical epithelial cells of the thymus (25-27). Skin is a critical 

barrier defense against micro-organisms in the environment and an important immune-

responsive organ (28, 29). NOD-mediated bacterial recognition plays a critical role in the 

interaction between gut microbiota and the intestinal epithelia (30), yet much less is known about 

the role of the NOD receptors in other barrier tissues, like the skin (31). Similar to the gut 

microbiome, the skin microbiome constantly interacts with the epidermis, modulating local and 

systemic immune responses, and is implicated in inflammatory skin diseases such as psoriasis 

(32-35). However, the role of NOD1/2 sensing in this tissue has not been evaluated. 

Here we characterize a mouse deficient in Slc46a2, demonstrating its essential function for 

delivery of DAP-muropeptides and NOD1 activation in keratinocytes, and identifying a DAP- 

muropeptide triggered epidermal inflammatory response. This response involves Caspase-1 and 

Gasdermin D-dependent plasma membrane permeabilization of epidermal keratinocytes and the 

release of IL-1³.  In the mouse, this response drives the rapid recruitment of neutrophils to 

muropeptide-challenged skin and is essential for the development of psoriatic inflammation.  

Moreover, we also show that this pathway is inhibited by the anti-folate methotrexate, indicating 

a novel mechanism of action for this commonly used anti-inflammatory drug (36).  Human 

keratinocytes, in the context of 3D skin organoids, also similarly respond to DAP-muropeptides 

in an IL-1-dependent manner. 

Results 

Previously, we implicated the SLC46 family of transporters in the delivery of muropeptides 

to cytosolic innate immune receptors in Drosophila and human cell lines (24). To determine 
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whether SLC46 family members contribute to mammalian responses to muropeptides in vivo, we 

used a classic assay to monitor NOD1 and NOD2 activities in Slc46a2-/- and Slc46a3-/- mice (Fig. 

S1 A-E) (37-39).  iE-DAP or MDP was injected intraperitoneally (IP) and we measured 

neutrophil recruitment to the peritoneum after 3 h. Like Nod1-/- mice, Slc46a2-/- mice did not 

respond to iE-DAP but responded like wild-type to MDP (Fig. 1A). By contrast, Slc46a3-/- mice 

phenocopied Nod2-/- mice, responding normally to iE- DAP but failing to respond to MDP (Fig. 

1A). 

Slc46a2 is highly expressed in skin epidermis but not found in many other tissues (Fig. S1F 

and (40, 41)).  As the activity of NOD1 agonists in skin has not been extensively characterized 

(31), the DAP-muropeptide Tracheal Cytotoxin (TCT), or LPS as a control, was injected 

intradermally (ID) in the pinnae and neutrophil recruitment to the ear was monitored, between 1 

and 24 h (Fig. S1 G&H); leukocyte recruitment following DAP-muropeptide was rapid and 

robust, peaking at 3 h.  Using this intradermal challenge assay, Slc46a2-/- mice failed to respond 

to iE-DAP, but responded normally to MDP, phenocopying Nod1-/- mice (Fig.1B). On the other 

hand, Slc46a3-/- mice were significantly defective in responding to MDP, like Nod2-/- animals.  

H&E staining of skin sections confirmed that neutrophils were recruited to the skin in response 

to DAP-muropeptide challenge a Nod1- and Slc46a2-dependent manner (Fig. S1I).  These 

results, with IP or ID challenge assays, demonstrate that Slc46a2 is selectively required for the 

NOD1 pathway while Slc46a3 is selectively required for the NOD2 pathway, consistent with the 

idea that they each transport NOD1 or NOD2 ligands, respectively, into the cytosol. 

To further probe the specificity of SLC46A2 in the response to DAP-muropeptides, we 

compared different NOD1 agonists (TCT, Tri-DAP, iE-DAP, and C12-iE-DAP) following ID 

challenge. Slc46a2-deficient mice displayed significantly reduced neutrophil recruitment in 

response to TCT, iE-DAP and Tri-DAP challenge, whereas the response to C12-iE-DAP was not 

significantly changed, consistent with the acyl tail enabling direct plasma membrane penetration 

of this molecule (Fig.1C) (37). Further, topical application of DAP-muropeptides on tape-

stripped mouse skin also triggered robust Slc46a2- and Nod1-dependent neutrophil recruitment 

(Fig. S2A). Similarly, tape-stripped skin treated with live C. accolens, a common skin 

commensal with DAP-type peptidoglycan known to modulate local and systemic immunity (32), 

resulted in robust neutrophil recruitment in WT skin that was significantly decreased in either the 

Slc46a2 or Nod1 mutants (Fig. 1D). These results support the hypothesis that SLC46A2 

functions in the skin epidermis to deliver DAP-muropeptides to cytosolic NOD1 in 

keratinocytes, triggering a rapid neutrophilic influx. 

To investigate the pathways involved in DAP-muropeptide-triggered Slc46a2/Nod1-

dependent neutrophil recruitment to the skin, Pycard- (encoding ASC) and Myd88-deficient mice 

were analyzed. WT and Pycard-deficient mice showed similar responses to ID DAP-

muropeptide challenge, whereas the response was significantly reduced in Myd88 mice, like the 

Slc46a2-deficient mice (Fig. 1E). Given that the DAP-muropeptide (TCT) used in these assays is 

LPS and lipopeptide free (42), the MyD88 results suggest that DAP-muropeptide challenge 

might trigger an IL-1 response. In fact, mice lacking a functional IL-1 Receptor (Il1r1-/-) or 

deficient for both IL-1³ and IL-1³ encoding genes (Il1a and Il1b) showed significantly reduced 

responses to intradermal TCT challenge, similar to Nod1-/- or Slc46a2-/- mice (Fig. 1F). We 

further dissected the individual role of these cytokines (IL-1³ and IL-1³); Il1b-deficient mice did 

not show any defect in responding to DAP-muropeptide (Fig. S2B). By contrast, Il1a-deficient 

animals failed to respond to DAP-muropeptide challenge (Fig. 1G). This phenotype was further 

confirmed by inhibiting lL-1³ using neutralizing antibody (Fig.S2C). Keratinocytes are known 
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for their robust IL-1a expression (43), and these results suggest that SLC46A2-transported DAP-

muropeptide and ensuing NOD1 activation induces IL-1³ release from keratinocytes, and 

subsequent recruitment of neutrophils in skin.  

To examine IL-1a production, primary mouse keratinocytes, which express Slc46a2 and 

Nod1 (Fig.S2D), were isolated and cultured ex vivo, stimulated with DAP-muropeptide, and 

supernatants assayed for cytokine production. As predicted, WT keratinocytes released 

significant levels of IL-1³ 24 h post challenge, whereas IL-1a released by Slc46a2- or Nod1-

deficient keratinocytes was significantly reduced compared to WT, and not significantly 

increased compared to unstimulated cells (Fig.2A). By contrast, primary dermal fibroblasts did 

not respond to iE-DAP, consistent with almost no expression of Slc46a2 and Nod1 (Fig. S2E). 

Further, IP-challenge with conditioned media from DAP-muropeptide stimulated keratinocytes, 

but not control conditioned media, triggered significant neutrophil recruitment (Fig. S2F and 

2B). However, conditioned media from IL1³ -deficient keratinocytes or anti-IL-1a3depleted 

media from WT keratinocytes produced significantly less neutrophil attracting activity, similar to 

Slc46a2- or Nod1-deficient keratinocyte media (Fig. 2B and S2G). Other cytokines, including 

TNF, IL-6, IL-1³ and IL-17 were not induced by iE-DAP challenged keratinocytes and were 

unchanged in the absence of Slc46a2 or Nod1 (Fig. S2H), while IL-23 was not detected in any 

condition. 

Alarmins, like IL-1³, are released by damaged or dying cells, triggering inflammatory 

responses in nearby cells (44). To monitor cell damage or death, we next examined DAP-

muropeptide triggered keratinocyte permeabilization, quantifying membrane impermeable Sytox 

uptake in a live cell imaging assay(45, 46). WT keratinocytes were markedly permeabilized in 

response to DAP-muropeptide, while Slc46a2- and Nod1-deficient keratinocytes were largely 

protected (Fig. 2C). Interestingly, the pan-caspase inhibitor zVAD-FMK also prevented DAP-

muropeptide triggered permeabilization of WT keratinocytes (Fig. 2C). To further probe the role 

of caspases and pyroptosis in this process, Caspase1- and GasderminD-deficient mice were 

challenged with ID iE-DAP injection, where they exhibited a strong defect in neutrophil 

recruitment, similar to Slc46a2-/- animals (Fig 2D). Keratinocytes from these knockouts also 

showed significantly decreased permeabilization in response to iE-DAP (Fig. 2E & F). A similar 

phenotype was also observed with dimethyl fumurate (DMF), a potent inhibitor of Gasdermin 

pore formation (47). All together, these data show that DAP-muropeptide stimulation of primary 

keratinocytes drives cell permeabilization through a pathway requiring Slc46a2 and Nod1, 

involving a Caspase-1/Gasdermin D pyroptosis-like process, leading to the release of IL-1a. 

To directly evaluate the role of SLC46A2 in DAP-muropeptide transport, we used two 

complimentary chemical biological approaches. First, a modified, biologically active alkyne 

derivative of iE-DAP was synthesized and utilized to visualize uptake of this muropeptide into 

primary keratinocytes using <click-chemistry= (48). After 60 minutes, iE-DAP was clearly 

detected within both WT and Nod1-/- cells, but not in Slc46a2- deficient keratinocytes, by 

confocal microscopy or in cell lysates (Fig. 3A and S3A, respectively). By contrast, Slc46a2 did 

not affect the intracellular delivery of click-modified MDP (Fig. S3A & B), consistent with data 

in Figure 1 that did not implicate Slc46a2 in the transport of this NOD2 ligand. In an orthogonal 

approach, fluorescently labeled lipid nanoparticles (NP) were loaded with iE-DAP and used to 

deliver the iE-DAP into keratinocytes, which bypassed the requirement for Slc46a2 but not Nod1 

in inducing membrane permeability (Fig. 3B and S3C).  
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SLC46A2 is a paralog of the proton-coupled folate transporter SLC46A1 (~30% identity), 

which suggests folates and anti-folates could be a common cargo for all SLC46 family proteins 

(49, 50). The anti-folate methotrexate (MTX) is a potent anti-inflammatory drug commonly used 

to treat psoriasis and rheumatoid arthritis, with unclear mechanisms of action (36, 51). This led 

us to hypothesize that MTX competes with DAP-muropeptides for docking to/transport by 

SLC46A2, which was tested by adding increasing concentrations of MTX in the keratinocyte-

based iE-DAP assays. In a dose dependent manner, MTX inhibited Slc46a2-dependent DAP-

muropeptide triggered keratinocyte permeabilization and IL-1³ release, similar to the Slc46a2-

deficient keratinocytes (Fig. 3C and S3D). Further, MTX blocked the cytosolic accumulation of 

<click=-iE-DAP, similar to competition with unlabeled iE-DAP (Fig. 3D and S3E) but failed to 

interfere with NP-mediated iE-DAP delivery (Fig. 3F and S3F). 

The above results show that SLC46A2 is inhibited by MTX and is required for a skin 

inflammatory response to C. accolens. Interestingly, MTX is used as a first line treatment for the 

inflammatory skin disease psoriasis, while Corynebacterium spp. are linked to psoriasis and 

known to exacerbate psoriasis-like phenotypes in a mouse model (33-36). Therefore, we used the 

imiquimod (IMQ) model to probe the role of Slc46a2 and Nod1 in psoriatic-like inflammation. 

With a 7-day course of topical IMQ application, WT mice displayed the expected psoriatic-like 

inflammation, assayed by enhanced ear thickness and H&E histology, while Slc46a2- and Nod1-

deficient mice were markedly resistant (Fig. 4A, B and S4A). Application of IMQ for only 3 

days followed by topical application C. accolens similarly drove psoriasis-like inflammation in 

WT mice while both Slc46a2 and Nod1 deficient animals presented dramatically reduced 

inflammation (Fig.4C and S4B, C). Further, topical application of MTX reduced the psoriasis-

like inflammation in WT skin, to levels similar to the mutant strains, while MTX had no 

observable effect on the residual inflammation in Slc46a2-/- and Nod1-/- skin (Fig. 4D and S4D, 

E).   

To determine if iE-DAP-triggered inflammatory responses occur in human skin, we first 

analyzed primary foreskin-derived human keratinocytes.  For this experiment, keratinocytes were 

infected with vesicular stomatitis virus (VSV) as a positive control, as it is known to induce cell 

permeabilization via a GSDME-dependent pyroptotic pathway (Fig. 4E) (46). By contrast, iE-

DAP treatment failed to induce membrane permeabilization in these cells (Fig. 4E).  

Interestingly, primary human keratinocytes, in standard tissue culture conditions, did not 

express SLC46A2 (Fig 4F). When these same keratinocytes are cultured at an air-liquid interface 

on a bed of collagen-embedded dermal fibroblasts they differentiate into a multilayered 

squamous epithelium (known as a Human Skin Equivalents (HSE)), with many similarities to 

human skin (52).  In the context of the HSE, differentiated human keratinocytes robustly 

expressed SLC46A2 and these organoids responded to iE-DAP. Upon treatment of the HSE 

epidermis, but not the dermis, with 30 µM iE-DAP for 24 h, we observed the induction of 

CXCL8 in dermal fibroblasts (Fig. 4G and S4F). Moreover, this response was prevented by 

concomitant treatment with recombinant IL-1R antagonist (IL-1Ra), strongly implicating IL-

1 release by keratinocytes in driving CXCL8 induction in HSE dermal fibroblasts. Likewise, in 

the mouse system, supernatants from iE-DAP-stimulated primary keratinocytes triggered, via 

Slc46a2- and Nod1-dependent signaling, CXCL1 (KC) production in dermal fibroblasts (S4G). 

Discussion 

While it has been clear for many years that some cell types import muropeptides and 

activate the cytosolic innate immune receptors NOD1 or NOD2 (53), the underlying cellular and 

molecular mechanisms that mediate import of these molecules has remained unclear. Initially, 
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the SLC15 family of oligopeptide transporters was implicated in this process (16-20), but they 

have never been demonstrated to bind or transport muropeptides while more recent studies 

instead have shown SLC15A4 functions as a scaffold involved in IRF5 activation downstream of 

TLR as well as NOD activation (20, 22). On the other hand, our initial work in Drosophila 

implicated SLC46s in this process (24), and here we show that SLC46A2 has the properties of a 

transporter selective for delivering DAP-type muropeptides for NOD1 activation in murine 

tissues. Using in vivo approaches in two different tissues, as well as ex vivo studies with primary 

mouse keratinocytes, Slc46a2 was uniquely required for the response to multiple NOD1 

activating DAP-muropeptides, while Slc46a3 was required for the response to the NOD2 

activating muropeptide MDP. Moreover, two orthogonal approaches were used to demonstrate 

that intracellular delivery of DAP-muropeptide requires Slc46a2. Intracellular iE-DAP, directly 

detected via click chemistry dye labeling, required Slc46a2 but not Nod1.  On the other hand, 

when packaged in a lipo-nanoparticle for direct intracellular delivery, iE-DAP activation of 

NOD1 no longer required Slc46a2. Together, these immunological and cell biological data 

strongly argue for the direct transport of DAP-muropeptides by SLC46A2, and implicate 

SLC46A3 in the delivery of MDP, and not vice versa.  Interestingly, primary human 

keratinocytes, in standard tissue culture conditions, do not express SLC46A2 and do not respond 

to iE-DAP, while after differentiating into a squamous epithelium in the HSE organoids, 

SLC46A2 is expressed and the epidermis responds to DAP-muropeptide.  

In both humans and mice, Slc46a2 is expressed in only a limited set of tissues, including the 

epidermis (40, 41).  This expression pattern led us to explore, in more detail, the role of 

SLC46A2/NOD1 dependent responses in skin.  We found a robust neutrophilic response to 

intradermal DAP-muropeptide challenge that required Slc46a2 and Nod1. Similarly, we also 

found that murine skin, once the outer waxy stratum corneum was removed, responded to topical 

application of either iE-DAP or the DAP-producing skin commensal Corynebacterium accolens 

through Slc46a2 and Nod1. Likewise, primary mouse keratinocytes ex vivo responded to DAP-

muropeptides with cell permeabilization and the release of active IL-1a.  Similar to the in vivo 

neutrophilic response, the cell permeabilization pathway in keratinocytes involved Casp1 and 

Gsdmd in addition to Slc46a2 and Nod1.  Together these results demonstrate that skin 

keratinocytes respond to DAP-muropeptides via intracellular delivery by SL46A2 and activation 

of NOD1, which in turn drives IL-1a release via pathway that involves Caspase-1 and 
Gasdermin D cell permeabilization, and perhaps cell death.  The rapidity of the response in vivo 

suggests this is not a transcription-dependent response, although the response is slower in 

isolated keratinocytes. 

Given the established link between C. accolens and psoriasis, in humans and mouse models 

(33-35), the role of this response in psoriatic inflammation was also examined in a mice model.  

Animals deficient for either Slc46a2 or Nod1 were strikingly resistant to psoriatic inflammation 

and unresponsive to C. accolens triggered pathology.  Given the previous work linking C. 

accolens to the activation of IL-17 producing gdT cells in the skin (32), it will be interesting to 

learn if SLC46A2/NOD1 pathway in the skin also drives this IL-17 producing gd response, in 

addition to the strong neutrophilic infiltration. 

Immune-mediated inflammatory diseases, like psoriasis, are often treated with the first line 

drug methotrexate.  MTX is a complicated drug, originally developed as an antiproliferative due 

to its interference with folate-dependent enzymes required for nucleotide biosynthesis and DNA 

replication, that is still used as a cancer therapy. Subsequently, MTX was found to be effective in 

psoriasis, rheumatoid arthritis and other immune mediate inflammatory diseases, but at much 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 30, 2022. ; https://doi.org/10.1101/2022.09.29.509906doi: bioRxiv preprint 

https://doi.org/10.1101/2022.09.29.509906
http://creativecommons.org/licenses/by-nc/4.0/


 

7 

 

lower doses that do not impact cell proliferation(36, 54). The mechanisms of action of MTX as 

an anti-inflammatory are controversial. The leading model argues that MTX functions as a 

traditional anti-folate interfering with the enzyme AICAR transformylase, leading to increased 

intracellular AICAR and eventually increased extracellular Adenosine, a known anti-

inflammatory molecule that acts via adenosine receptors, such as P1-A2A (55). In addition, MTX 

has been argued to interfere with NF-kB activation through unknown mechanisms.  Here we 

present a new mechanism of action for anti-inflammatory activity of MTX that does not involve 

interfering with folate-dependent enzymes. Instead, the data here shows that MTX competes with 

DAP-muropeptide for delivery into the cytosol, phenocopying Slc46a2-deficiency in three 

separate ex vivo keratinocytes assays as well as with a in vivo model of psoriatic inflammation.  

In vivo, MTX application in the Slc46a2 and Nod1 mutants had no effect on the residual 

inflammation still observed in the psoriasis model, while it strongly suppressed psoriatic-like 

inflammation in WT mice, to levels very similar to that observed in the mutants. Together, these 

in vitro and in vivo findings argue that MTX competes with DAP-muropeptides as cargo for the 

transporter SLC46A2, and thereby directly interferes with a central inflammatory pathway, the 

NOD1 pathway, which operates in the skin to drive neutrophil recruitment and psoriatic-like 

inflammation. In the future, biophysical approaches will be necessary to probe the cargo binding 

activity and specificity of SLC46A2, as well as the related transporters SLC46A1 (the 

established proton-coupled folate/anti-folate transporter) and SLC46A3; all three members of the 

SLC46 family share approximately 30% amino acid identity. Future work will also focus on 

precisely mapping the anatomical location(s) of these responses within the epidermis and probe 

the connection between SLC46A2/NOD1-mediated response in keratinocytes to activation of IL-

17 producing gd T-cells in the skin, which are known to contribute to psoriasis in mouse models 

and humans and are activated by C. accolens (32, 56).   

Through a combination of immunology, chemical biology and biomedical engineering 

approaches, we demonstrate that SLC46A2 functions to deliver DAP-muropeptides to the 

cytosol of keratinocytes, driving a robust IL-1a dependent inflammatory response and neutrophil 

recruitment.  This response is critical for psoriatic-like inflammation in a mouse model, while 

human skin organoids respond similarly although the connection to psoriasis awaits future 

analysis.  Additionally, the common anti-inflammatory drug MTX phenocopies Slc46a2 

deficiency in vivo and in primary mouse keratinocytes, arguing that SLC46A2 is a direct anti-

inflammatory target of this drug.  Moreover, these findings identify disease mechanisms and 

therapeutic targets that could be applicable to a broad number of inflammatory conditions and 

highlight a novel role for the SLC46 family in host-microbiome interactions. 
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Fig. 1. Slc46a2 is required for neutrophil recruitment in response to NOD1 stimulation in 

the mouse peritoneum and skin. (A)and (B) Neutrophil recruitment after 3 h of intraperitoneal 

or intradermal injection of 10 µl of iE-DAP (30 µM) or MDP (10 µM). (C) Neutrophil 

recruitment after 3 h intradermal injection of different DAP-type muropeptides, TCT (8 µM), iE-

DAP (30 µM), Tri-DAP (25 ¿M) or C12-iE-DAP (20 ¿M). (D) Neutrophil recruitment after 

topical association of tape stripped skin with C. accolens. (E, F, & G) Recruitment of 

neutrophils after 3 h of intradermal injection of 10 ¿l of 8 ¿M TCT or 30 µM iE-DAP. 

Genotypes indicated on all panels. Comparisons two-way ANOVA with Tukey's multiple 

comparisons test to determine significance. **** P < 0.0001; *** P < 0.001; ** P < 0.01; * P < 

0.05; ns, not significant. 
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Fig. 2. Primary mouse epidermal keratinocytes respond to DAP-muropeptides via Slc46a2 

and Nod1. (A) Keratinocytes released IL-1a following stimulation with 30 µM iE DAP for 24 h. 

(B) Neutrophils recruitment to the peritoneum after IP injection of conditioned media from WT, 

Slc46a2-/-, Nod1-/- or Il1a-/- keratinocytes stimulated with 30 µM iE-DAP for 24 h. (C) Sytox dye 

uptake by keratinocytes by live cell imaging over 24 h following 30 ¿M iE-DAP stimulation.  

(D) Neutrophil recruitment after 3 h intradermal injection of 10µl of 30 µM iE-DAP.  (E & F) 

Sytox dye uptake by keratinocytes over 24h following 30 µM iE-DAP challenge. Genotypes, 

caspase inhibitor zVAD-fmk (10 µM), or GasderminD inhibitor DMF (50 µM) indicated on all 

panels. Panels A, B  and D use two-way ANOVA and test, while C-F use one-way ANOVA, and 

Tukey's multiple comparisons test to determine significance. **** P < 0.0001; *** P < 0.001; ** 

P < 0.01; * P < 0.05; ns, not significant. n g 3 for all panels. 
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Fig.3. DAP-muropeptide transport requires Slc46a2 and is blocked by methotrexate. (A and 

D) Confocal images of keratinocytes after 1 h challenge with 30µM <click-iE-DAP= (A) or with 

30µM <click-iE DAP= and 250 µM methotrexate (MTX) (D), fixed, and then visualized with 

click reacted Calflour488-azide. (B, C and E) Sytox dye uptake by keratinocytes over 24h 

following stimulation with lipid nanoparticales (NP) loaded with iE-DAP (B), or treated 

increasing concentration of MTX and challenged with 30 µM iE-DAP (C), treated with 250 µM 

MTX and stimulated with iE-DAP-loaded NP.  Genotypes indicated on all panels. Panels B, C 

and E uses one-way ANOVA, and Tukey's multiple comparisons test to determine significance. 

**** P < 0.0001; *** P < 0.001; ** P < 0.01; * P < 0.05; ns, not significant. n g 3 for all panels. 

Panels A and D representative images from at least three independent experiments. 
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Fig. 4. Slc46a2-/- and Nod1-/- mice are resistant to IMQ-induced psoriatic inflammation. (A, 

C and D) 5% Imiquimod (IMQ) was topically applied to pinnae daily to induce psoriasis and ear 

inflammation was quantified daily. Contralateral pinnae were treated with Vaseline (VAS) as 

vehicle control. For (A), mice were treated with IMQ daily for 7 days and mean pinnae thickness 
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is plotted. (B) H&E stained histology images from Imiquimod treated pinnae on day 7.  

Genotypes are indicated on all panels. (C) IMQ was applied for only 3 days, and then pinnae 

were treated daily for 3 days with topical application of live C. accolens (107 CFU), except for 

controls with either a full 7 days or just 3 days of IMQ treatment. (D) is similar to (A) except 

IMQ was applied daily along with xx volument of 250 µM MTX. (E) Propidium Iodide (PI) 

uptake assay using primary human foreskin keratinocytes challenged with indicated iE-DAP 

doses or VSV virus infection (MOI 10) as a positive control. iE-DAP treatment did not induce 

cell permeabilization in human keratinocytes. (F) Expression analysis of SLC46A2 and NOD1 in 

keratinocytes grown in 2D culture and 3D organoids (HSE). (G) Induction of CXCL8 in skin 

organoid epidermal and dermal layers after PBS or iE-DAP challenge in the presence and 

absence of IL-1 receptor inhibitor (IL-1RA). High expression of CXCL8 was observed in dermis 

following iE-DAP challenge, and this was blocked by IL-1RA. Panels A, C, D and E use one-

way ANOVA and Panel F uses two-way ANOVA test. Tukey's multiple comparisons test was 

used to determine significance. Panel B and G are representative of three independent 

experimental results. **** P < 0.0001; *** P < 0.001; ** P < 0.01; * P < 0.05; ns, not 

significant. n g 3 for all panels. 
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