


Figure 1. Immune injury leads to the gradual re-population of the emptied epidermal niche 
with LC-like cells.  A. Male recipients received female bone marrow (BMT) with or without 
female CD4 and CD8 (Matahari) T cells, and chimerism was analysed within the mature 
CD11b+Langerin+ LC population at different time points.  Representative flow plots show the 
relative frequency of host (CD45.2) and donor (CD45.1)-derived cells.  B. Graph showing the 
frequency ± SD of donor LC in mice receiving BMT with (circles) or without (triangles) T cells. 
Weeks 3, 4 and 10 P<.0001, 2-way ANOVA with Sidak’s multiple comparisons test. Data are 
pooled from 2 independent experiments for each time point, n=5-10.  C. Graph shows the 
number ± SD of CD8 Matahari (Mh) T cells in the epidermis over time, per 0.1g total ear tissue.  
D. Top - representative histogram overlays show the expression of LC-associated proteins on 
donor LC (from mice that received BMT + T cells) or the original host population (BMT alone), 10 
weeks post-transplant.  Bottom - summary data showing the median fluorescent intensity (MFI) 
for each sample. H = host, D = donor, each symbol is one mouse.  Data are pooled from 2 
independent experiments, n=8, and representative of >3 different experiments. 



Figure 2. DC lineage cells do not become long-term replacement LC. A. Schematic showing 
the experimental procedure. Male mice received female bone marrow transplants (BMT) with T 
cells.  Bone marrow was composed of a 1:1 mixture of cells from syngeneic female Clec9a-
Cre.ROSA26LSLYFP and Vav-Cre.ROSA26LSLTomato mice.  10 weeks later splenocytes and 
epidermal LC were assessed for the relative contribution of cells expressing the reporter protiens 
Tomato or YFP.  B. Representative contour plots showing gated CD11c+MHCII+ cells in the 
spleen or CD11b+EpCAM+Langerin+ LC in the epidermis of mice that received BMT with or 
without T cells.  C. Summary bar graphs showing the frequency of red Tomato (Tom)+ or yellow 
YFP+ cells within splenic CD11c+MHCII+ (left) or epidermal EpCAM+Langerin+ (right) cells in mice 
receiving BMT alone (open bars) or BMT with T cells (filled bars).  Bars show the mean and 
range of data points.  Data are pooled from 2 independent experiments, and analysed using a 2-
way ANOVA with Sidak’s multiple comparisons test P<.0001, n = 5-6.  D.  Bone marrow cells 
were cultured for 6 days with either GM-CSF (BM-DC MHCIIhighCD11c+DEC205+EpCAMneg, BM-
macrophages MHCIIintCD11c+DEC205+EpCAMneg CD11bhigh) or GM-CSF and TGFβ (BM-LC 
MHCIIintCD11c+ DEC205+EpCAM+CD11blow).  Representative contour plots show the percentage 
of CD135 and CD115-expressing cells in the gated populations.  Data are representative of X 
independent cultures/experiments.  



Figure 3. A single wave of CD11b+ cells is recruited into the epidermis.  Mice received BMT 
with T cells, and the epidermis was analysed at different time points.  A. Left - dot plot shows the 
gating of single CD11bint to highCD45.1+ donor myeloid cells.  Right - summary graph showing the 
fold change ± SD in this population compared to BMT control mice at different time points. n= 6-7 
from 2 independent experiments per time point.  B. Graph shows the number ± SD per 0.1g total 
ear weight of donor CD11bint to high cells in the epidermis of mice receiving BMT alone (triangles) 
or BMT + T cells (circles). BMT alone versus BMT + T cells 3 weeks P=.0001; 4 weeks P=.029; 
10 weeks P=.0028, n=5-10 from 2 independent experiments per time point (2-way ANOVA with 
Sidak’s multiple comparisons test).  C. Representative contour plots at 3 weeks showing 3 
distinct sub-populations within single CD11bint to highCD45.1+ cells.  D.  Summary graphs showing 
the frequency ± SD (left) and number ±SD (right) of cells within each of the gated populations 
shown in C: Circles CD11bhigh (EpCAMnegLangerinneg); squares EpCAM+; triangles donor LC 
(EpCAM+Langerin+). Frequency: week 1 CD11bhigh versus LC P=.0461; week 2 EpCAM+ versus 
other populations P<.0001; week 3 CD11bhigh versus EpCAM+ P=.0047, EpCAM+ versus donor 
LC P=.001; week 4 CD11bhigh versus EpCAM+ P=.003, EpCAM+ versus donor LC P=.0132; week 
10 CD11bhigh versus donor LC and EpCAM+ versus donor LC P<.0001.  Number: week 3 
EpCAM+ versus donor LC P=.0196; week 10 both populations versus donor LC P<.0001.  Data 
are pooled from 2 independent experiments per time point (n = 7-8)  (and representative of >5 
different experiments) and analysed with a 2-way ANOVA with Sidak’s multiple comparisons test.  
E. Top - representative histogram overlays show surface expression levels of LC-defining 
proteins in the gated donor populations 3 weeks post-transplant.  Bottom - grows show summary 
data for the median fluorescent intensity (MFI).   Symbols represent individual samples, P<.0001 
for each marker, repeated measures one-way ANOVA.  Data are pooled from 2 independent 
experiments per time point n = 6. 



Figure 4. EpCAM+ cells are monocyte-derived intermediates between Ly6C+ monocytes 
and repopulating donor LC.  A. Schematic showing the populations of cells and phenotypic 
markers used for isolation for comparison by RNAseq.  B. Schematic illustrating competitive 
chimera experiments to test the requirement for monocyte-derived cells. Male mice received 
female bone marrow transplants with T cells.  Bone marrow was composed of a 1:1 mixture of 
cells from syngeneic wild-type (Ccr2+/+) or CCR2-deficient (Ccr2-/-) mice.  Epidermal cells were 
analysed 3 weeks later.  C. Representative contour plots showing the frequency of wild-type or 
knock-out cells within gated donor epidermal myeloid cells (host cells were excluded at this time 
point by the use of Langerin.GFP recipients, and exclusion of GFP+ LC from our analyses).  D. 
Summary data showing the frequency of CCR2+/+, wild-type donor cells within each population.  
Bar graphs show the mean and range of data points, data are pooled from 2 independent 
experiments, n = 6.  % of Ccr2+/+ cells versus Ccr2-/- in each population P<.0001, One-way 
ANOVA.  E. Heat maps showing relative gene expression of defined genes grouped into panels 
according distinct functional processes.  Blood monocytes (grey) n = 2, EpCAM+ cells (cyan) n = 
3, donor LC (magenta) n = 3, dermal activated monocytes (red) n = 3.  



Figure 5.  Recruitment and proliferation of monocytes in situ combine to establish the 
emerging LC network.  A. Schematic to illustrate possible pathways of LC development from 
CD11bhigh cells within the epidermis.  B. Mathematical modelling fits strongly supported the linear 
development pathway.  Numbers describe parameter estimates from the model for residency 
time of cells in the epidermis, and the efficiency by which EpCAM+ cells become donor LC (see 
also Table 1).  C. Graph showing the relative contribution of proliferation in donor LC to influx (± 
95% confidence interval) over time.  D. Graph showing the mean interdivisional time (± 95% 
confidence interval) of donor LC at different time points post-BMT with T cells.  Parameter 
predictions from model fits are displayed in full in Table 1. E.  Graphs showing the ratio of 
enrichment (bars) and FDR q values (line) for pathways predicted by WebGestalt to be over-
expressed by EpCAM+ cells compared to blood monocytes.  Over-expressed genes had a fold 
change ≥ 2, q < 0.05.  F. Heat map showing the relative expression of genes associates with the 
cell cycle: Mo., blood monocytes; EpCAM+; dLC, donor LC; eLC, embryo-derived LC from age-
matched untreated controls.  G. Mice received EdU 3 weeks after BMT with T cells.  4 hours later, 
the skin and blood was harvested and cells analysed for incorporation of EdU.  Representative 
contour plots show overlayed CD11bhighLangerinneg or CD11b+ Langerin+ populations in the 
epidermis or Ly6C+CD115+ monocytes in the blood.  FMO is the fluorescent minus one stain 
without the EdU detection reagent.  H. Summary graph showing the mean ± SD frequency of 
EdU+ cells in the different groups.  Circles are individual mice, n=6. Data are pooled from 2 
independent experiments. Mo. = monocytes, dLC = donor LC. 



Parameter Estimate 95% CI

Mean time spent in EpCAM+ 0.10 days 0.0084 - 0.30

Mean residence time of donor LC 73 days 14 - 1100

Mean interdivision time in donor LC at week 1 5.8 days 2.4 - 14

                          ``                                 week 2 6.8 days 4.9-16

                          ``                                 week 3 18 days 14-66

                          ``                                 week 4 54 days 32 - 250

                          ``                                 week 10 78 days 44 - 370

Efficiency of maturation from EpCAM+ to donor LC 0.042 0.0068 - 0.053 

Relative contribution of proliferation in donor LC to influx at week 1 1.4 0.84 - 11

                                      ``                                                        week 2 0.22 0.15 - 0.86

                                      ``                                                        week 3 0.24 0.16-0.74

                                      ``                                                        week 4 0.31 0.18 - 1.06

                                      ``                                                        week 10 13 7 - 44

Table 1: Parameter estimates from the best-fitting model describing the linear flow from incoming 
monocytes to CD11bhigh cells, EpCAM+ cells and to mature donor LC.





Figure 6.  Repopulating LC are homologous to embryo-derived cells and up-regulate the 
lineage-defining transcription factor Id2.  A.  Bar chart showing the number of differentially 
expressed genes (DEG) in each population compared to blood Ly6C+ monocytes.  EpCAM+ vs 
donor LC at 3 or 10 weeks, one-way ANOVA with Holm-Sidak’s test P<.0001.  B. Correlation 
matrix showing correlations between genes differentially expressed between donor LC 10 weeks 
post-BMT + T cells and blood monocytes, or host LC from age-matched untreated controls. C. 
Graphs show the relative gene expression of different transcription factors from the RNAseq 
data.  Blood Ly6C+ monocytes n = 2, epidermal EpCAM+ cells n= 3, donor LC n = 3, age-age-
matched host LC n = 3.  1-way ANOVA with Sidak’s multiple comparisons test: Irf8 mono vs. dLC 
P=.0004, mono vs untreated LC P=.0001, EpCAM+ vs untreated LC P=.0151 ; Id2 mono vs. dLC 
P=.003, mono vs untreated LC P=.0007, EpCAM+ vs dLC P=.001, EpCAM+ vs untreated LC P=.
002; Runx3 mono vs EpCAM+ P=.0165, mono vs. dLC P=.0002, mono vs untreated LC P=.0115, 
EpCAM+ vs dLC P=.0202, EpCAM+ vs untreated LC P=.002, dLC vs untreated LC P=.0308; Cbfb 
mono vs. dLC P=.0033.  D.  Bone marrow cells were cultured for 6 days with GM-CSF, TFGβ and 
different combinations of BMP7, CSF1 and IL-34.  Box and whiskers graph shows mean ± min. to 
max. numbers of DEC205+EpCAM+ cells in the cultures.  GM-CSF + TGFβ alone versus addition 
of IL-34 P=.0469, versus IL-34 + CSF-1 P=.0013, versus IL-34, BMP7 and CSF-1 P=.0013. P 
values were calculated using the Friedman test (One way ANOVA for non-parametric samples) 
with Dunn’s multiple comparisons test.  Each symbol is data from one bone marrow culture, n = 5 
independent BM donors, in 3 independent experiments.  E. Bar graph shows the mean frequency 
± SD of EdU+ cells on day 6 of culture after cells where pulsed with EdU for 24 hours on day 2 or 
day 5.  Symbols are cells from independent cultures (n = 2-4).  F. Line graph shows the 
frequency of viable DEC205+EpCAM+ LC in GM-CSF / TGFβ cultures with, or without, IL-34.  
Symbols represent paired individual bone marrow cultures, n = 5. Paired t-test, P=.0276.  G. The 
bar graph shows the mean expression ± SD of Runx3 or Id2 relative to GAPDH in 
DEC205+EpCAM+ cells sorted from bone marrow cultures.  Symbols are cells from 4 independent 
BM donors, in 3 independent experiments.  Id2 expression in LC generated in the absence 
versus the presence of IL-34 P=.0129, 2-way ANOVA with Sidak’s multiple comparisons test.



Figure 7. Immune injury opens the LC niche, and leads to increased LC migration to LN.  
Male mice received BMT with or without T cells, and were analysed 10 weeks later. A. Graph 
shows the number ± SD of total CD11b+Langerin+ LC in mice receiving BMT alone (triangles) or 
BMT with T cells (circles).  The white square and dotted line shows LC numbers ± SD in 
untreated controls.  Data are pooled from 2 independent experiments n = 5-10.  B-C. Confocal 
images of epidermal sheets stained for to identify donor LC (Langerin+CD45.2neg) and radio-
resistant DETC (LangerinnegCD45.2+).  Images were analysed and quantified using the Definiens 
Developer software.  B. Representative images.  C. Graphs show the number of cells at each 
inter-LC distance.  Data are from 1 transplant experiment with 3 BMT (20 fields of view analysed) 
and 2 BMT+T cell recipients (14 fields of view analysed) (n= 162 cells from BMT mice and 356 
LC from BMT+ T cell recipients).  D. Schematic illustrating the experimental set-up to test the 
radio-sensitivity of repopulating donor LC, and identification of different populations by flow 
cytometry.  E. Flow plots show the outcome in the epidermis of independent mice, who have 
received the 1st transplant only (Tx 1), the 2nd transplant only (Tx 2) or both transplants (Tx 1 
and 2).  Contour plots are pre-gated on EpCAM+Langerin (PE-labelled)+ LC.  F-H  Bar graphs 
show LC in draining lymph nodes 10 weeks post-transplant with or without T cells: F. Number ± 
SD of EpCAM+Langerin+ cells.  Untreated vs BMT + T cells P=.0454, BMT vs BMT+ T cells P=.
0263;   G. Frequency ± SD of FITC+ cells within the LC gate;  H. Number ± SD of FITC+ LC.  
Untreated vs BMT + T cells  P=.0043.  Data are pooled from 2 independent experiments (n = 4-7) 
and analysed using a Kruskall-Wallis (non-parametric) One-way ANOVA with Dunn’s multiple 
comparisons test.



Supplemental Figure 1. Schematic showing the transplantation protocol.  Male C57BL/6 
mice were irradiated and received congenic (CD45.1) BM and polyclonal CD4 T cells, with 106 
CD8 Matahari T cells. Recipients were analysed at different time points for LC chimerism.



Supplemental Figure 2. Sorting strategies used to isolate cells for RNAseq. A. schematic. 
B. Flow plots.



 

Supplemental Figure 3.  EpCAM+ cells are intermediates between blood monocytes and 
donor LC.  A. Principal components analysis of gene expression. 67% of the variance within the 
expression data is orthogonal to PC1.  B.  Heat map showing the relative expression of the top 
50 genes that contributed to the differences between blood monocytes, EpCAM+ cells and donor 
LC along the PC1 axis. 

D.



Supplemental Figure 4. Generation of BM-derived cells.  Murine C57BL/6 BM was cultured 
for 6 days with GM-CSF alone, or with TGFβ.  Representative contour plots show the phenotype 
of cells on day 6 of culture.  EpCAM+DEC205+ BM-LC differentiated in cultures that contained 
TGFβ.  Alternatively, GM-CSF alone produced DEC205neg to pos cells that were sub-divided into 
MHCIIhighCD11blow BM-DC and MHCIIint to lowCD11bhigh BM-macrophages (mac).



 

Supplemental Figure 5.  Modelling the cellular dynamics of epidermal myeloid cells.  A. 
Representative histograms show gating of Ki67+ cells in the EpCAM+ and donor LC populations 
3 weeks after BMT with T cells.  B. Graphs show the frequency ± SD (left) and number ± SD per 
0.1g total ear tissue (right) of Ki67+ cells within gated epidermal populations.  Circles CD11bhigh; 

Supplemental Figure 6. Enrichment of innate signalling and T cell activation pathways in 
derma monocytes.  The graph shows the ratio of enrichment (bars) and FDR q values (line) for 
pathways predicted by WebGestalt to be over-expressed by dermal Ly6C+MHCII+ activated 
monocytes compared to blood monocytes.  Over-expressed genes had a fold change ≥ 2, q < 
0.05. 





Supplemental Figure 7. Gene expression analysis showing potential sensitivity to 
epidermal growth factors.  A. Heat map showing the relative expression of genes associated 
with TGFβ signalling by different myeloid cell populations.  B.  Image shows microscopy images 
of representative sorted EpCAM+ cells after culture with primary syngeneic keratinocytes and 
TGFβ for 36 hours.  Cells were fixed and stained for CD45.2 and Langerin. Images are 
representative of cells from 2 independent experiments. C.  Graphs show the relative gene 
expression of different receptors from the RNAseq data.  Blood Ly6C+ monocytes n = 2, 
epidermal EpCAM+ cells n= 3, donor LC n = 3, age-age-matched host LC n = 3.  There were no 
statistically significant differences between groups.



Supplemental Figure 8. Comparison of gene expression by host and donor LC.  A. Heat 
map showing the differentially expressed genes between donor and host LC isolated from mice 
with mixed LC chimerism 3 weeks post-transplant with T cells.  These are compared to LC from 
untreated controls.  B. Graph showing the percentage of dividing T cells in co-cultures with 
isolated epidermal LC.  Host (H) or donor (D) LC were sorted from the epidermis 3 weeks post-
BMT + T cells, or embryo-derived LC from untreated controls (UT)  Langerin.DTR.GFP mice were 
used to identify host or donor cells, as described in supplemental figure 2.  Titrated numbers of 
LC were co-cultured with CD8+ OT-I cells labelled with cell tracker dye, and XnM SIINFEKL 
peptide, and cell division measured by flow cytometry 65 hours later.  The graph compares 
proliferation ± SD of cells induced by 100 LC per well.  UT versus H P=.0002, H versus D P=.
0005, one-way ANOVA with Holm-Sidak’s multiple comparisons test.  Symbols are technical 
replicates, and data are representative of LC sorted in 2 independent experiments. 



Supplemental Figure 9.  Repopulation of DETC-deficient hosts by LC.  Bars show the 
number (mean and range) of host (orange) or donor (blue) LC in the skin of WT or DETC-
deficient recipients 3 weeks after BMT with T cells. Data are from 1 representative experiment of 
2, n = 3-4. 



Supplemental Figure 10. Gating strategy to identify migrating DC in skin draining LN after 
topical application of FITC.  FITC was painted onto the ears of mice 10 weeks after BMT with 
or without T cells.  Representative plots show the gating strategy.  B220+ cells were excluded 
from live, single cells.  Of the B220neg cells, populations were identified as CD11c+ MHCIIhigh 
migrating cells and CD11chigh MHCII+ resident cells.  LC were identified within the migrating cells 
by co-expression of Langerin and EpCAM, and these cells were confirmed to be derived from 
donor CD45.1+ BM. The histogram overlay shows that up-take of FITC is restricted to gated 
migrating cells. 



Table 2.  List of all differentially expressed genes between donor LC 10 weeks post-BMT with T 
cells, and embryonic LC from age-matched controls.  Suggested functions are inferred from gene 
ontology terms on the GeneCard® database (https://www.genecards.org).

Base mean Log2 fold 
change

P value Adjusted P 
value

Gene 
name

Suggested fuction

49.78040956 -44.65292318 1.85E-47 5.41E-42 Vcam1 Cell adhesion

9.000189682 -42.68969063 5.71E-25 8.36E-20 Gnb3 G protein - signalling

22.65879277 -40.69285895 3.84E-23 9.54E-19 Muc15 Cell adhesion

279.4903999 3.170389599 6.59E-18 3.64E-14 Rps4l Ribosomal

5429.312963 -1.482841516 5.84E-09 3.41E-06 Tmsb10 Cytoskeleton organisation

499.9550931 -2.48297942 4.83E-09 8.06E-06 Acot7 Regulation of lipid metabolism

739.1650105 1.708605491 3.76E-08 4.88E-05 Polg DNA polymerase subunit gamma

3869.97247 -1.386401031 2.04E-07 7.91E-05 Stat1 Interferon signaling

11.87569702 17.55448961 4.85E-08 1.10E-04 Heg1 Mucin related?

26268.18931 -1.890512679 3.55E-07 1.10E-04 Mfge8 Cell adhesion

194.8187034 2.993004417 1.02E-08 1.58E-04 Rbfox1 RNA-binding protein

910.2978017 -1.461432195 5.84E-07 4.42E-04 Arhgap31 GTPase-activating protein

12.18004708 17.80094552 2.88E-07 4.71E-04 Nme5 Anti-apoptotic

345.2468399 -2.774360982 2.80E-07 4.71E-04 Map4k1 JNK activation

2358.320843 -4.855243937 2.88E-06 5.19E-04 Iigp1 Target for Stat1 signalling

4533.48776 1.356125189 2.82E-06 5.19E-04 Ifitm2 Interferon-induced gene

913.9626163 0.663761668 2.07E-06 0.001175993 Unc50 RNA-binding

474.1602636 -3.896334558 1.87E-06 0.001319679 Cyfip2 Cell adhesion

2524.360564 -1.287896324 1.07E-05 0.001333934 Clec4n Dectin-2.  Binds mannose-containing 
structures

4191.506502 -2.192436644 1.37E-05 0.001619773 Fgl2 Fibrinogen-like

540.1680501 -0.880769708 3.65E-06 0.00242965 Whsc1l1 Chromatin organisation

1442.820134 -1.276857164 2.34E-05 0.002811012 Fmnl1 Cell motility and survival in 
macrophages

3054.345797 -0.929166308 2.63E-05 0.002811012 Csf2rb CSF-2 receptor β common sub-unit

476.9476862 -1.270764599 6.46E-06 0.002811012 Cbfa2t3 Transcriptional corepressor with 
CBFA2/Runx1

1472.138632 -1.440378933 3.15E-05 0.002990642 Elovl5 Fatty acid synthesis

545.4110615 -1.411130891 1.06E-05 0.004073344 Cep83 Organelle biogenesis

421.2704847 -3.897887201 1.65E-05 0.006079613 Ifit1 Interferon-induced gene

1057.869752 -3.065446226 1.64E-05 0.006079613 Oasl2 Type I IFN signalling

370.5617155 -3.578504542 7.98E-06 0.006079613 P2ry6 G-protein-coupled receptor

1161.58779 -0.893424545 9.19E-05 0.007037555 Gls Glutaminase - metabolism

522.6837969 0.686416805 1.72E-05 0.007037555 Dpm2 Protein metabolism

4.83174206 30.55808943 1.21E-07 0.007111331 Kcnma1 Potassium channels, actin binding.

1124.507266 -1.276769384 8.14E-05 0.007111331 Csf2rb2 Csf2rb pseudogene

2177.362624 -2.416907594 1.04E-04 0.00751129 Lgals3bp Galectin-binding


