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Dendritic cells (DCs) are a specialized immune subset dedicated to the sensing of 
pathogens and the induction of the appropriate immune response. Under steady 
state conditions DCs can be subdivided into conventional DCs (cDCs) and plas-
macytoid DCs (pDCs). cDCs are specialized in antigen uptake and presentation to 
naïve T cells and can be further subdivided into IRF8- and IRF4-expressing cDC1 
and cDC2, respectively. pDCs are a distinct lineage dedicated to the production 
of high amounts of type I IFNs in response to viral infections. Development of DCs 
occurs in the bone marrow (BM) and requires a complex transcriptional network, 
where progressive lineage specification gradually limits and excludes alternative 
fates. A common DC progenitor (CDP) able to give rise to both cDCs and pDCs, 
had been identified in the BM. However, while cDCs arise in the periphery, mature 
pDCs are present in BM suggesting that their development is accomplished be-
fore entering the circulation.  
Furthermore, the evidence that CDPs can generate pDCs and cDCs at a clonal lev-
el is conceivable with a pre-determined and cell-intrinsic transcriptional induction 
of lineage specification, already at the CDP stage. In recent years precursors of 
cDC1 and cDC2 were identified, as several TFs involved in their commitment. How-
ever, the molecular mechanisms leading to DC-lineage specifications are still un-
clear. Moreover, the evidence that both hematopoietic branches, namely the lym-
phoid via CLP and the myeloid via CMPs, can both give rise to DCs has further 
complicated our understanding of their ontogeny. In order to characterize the de-
velopmental pathway of DCs and in particular of pDC we searched for a committed 
precursor. The expression of the E protein Transcription factor 4 (TCF4), also re-
ferred as E2-2 was shown to be essential for pDC development and identity, how-
ever the exact stage at which this TF is expressed is unclear. The requirement for 
this TF for pDC development appears shared across species as in humans haplo-
insufficiency, referred as Pitt-Hopkins syndrome, results in impaired pDC besides 
mental retardation and cranio-facial dysmorphia. It was hypothesized that devel-
opment of pDCs and cDC1 is regulated by the expression and mutual inhibition of 
TCF4 on pDCs and the inhibitor of DNA binding 2 (ID2) on cDC1, respectively. Fur-
ther, the zinc finger E box–binding homeobox 2 (Zeb2) was recently identified as 
key regulator of early DC development as Zeb2 deficient mice have reduced pDCs, 
and increased cDC1. The proposed mechanism of action suggested repression 
of ID2 by ZEB2.
However, while this molecular regulation is compatible with the pDC phenotype 
observed in Zeb2 deficient mice, it does not explain Zeb2 transgenic mice, which 
have unaltered pDCs and reduced cDC1s. Collectively, these results suggest a 
dual origin of pDCs, where the requirement for TCF4 and ZEB2 is lineage as well 
as stage specific. A CDP independent origin for pDCs is further supported by the 
evidence that the pool is only partially reduced in Itgax-cre but totally absent in 
Mx1-cre conditional deficient mice. Given the complexity of the transcriptional in-
teractions happening at different stages during DC commitment, and the possible 
developmental convergence into one phenotypically unique lineage, we decided 
to explore in depth the paths leading to pDC and cDC development. Contrary as 
previously hypothesized, we could recently show that pDCs mostly develop from 
CLPs and not CDPs. Within the BM we were able to dissect the progressive stag-
es that lead to the formation of mature pDCs. The expression of SiglecH and Ly6D 
identifies on IL7Rexpressing bone marrow precursors pre-pDCs. At this stage high 
expression of IRF8 appears to be essential to promote pDC lineage specification 
through the induction of TCF4, while we hypothesize that within the immediate up-
stream progenitor expression of EBF1 leads to the induction of TCF3 along the B 
cell pathway (Figure 1). Single cell analysis of mature pDCs within BM and Spleen 

Dendritic cell development 

Roxane Tussiwand

Department of Biomedicine 
University of Basel

Group Members

Prof. Dr. Jan Andersson*  
(Research Associate)

Jannes Brender* (Intern)
Marzia Burgunder* (Intern)
Grozdan Cvijetic  

(PhD Student)
Anna Eremin*  

(Technical Staff)
Fabian Klein* (Postdoc)
Athansios Kouklas  

(Undergraduate Student)
Mladen Mitrovic  

(PhD Student)
Valentina Ottaviani  

(Undergraduate Student)
Patrick Rodrigues* Fernan- 

des (Postdoc)
Nicole Salvisberg  

(Administrative Staff)
Jaqueline Karen Simoncini*  

(PhD Student)
Dr. Panagiotis Tsapogas  

(External Collaborator)

* left during report period

Immune 
Regulation

Dendritic Cells . Plasmacytoid Dendritic Cells . Lymphoid Developmen  
Myeloid Development



183Department of Biomedicine . Report 2017–2020

Selected Publications

Rodrigues PF, Tussiwand R (2020). Novel concepts in plas-
macytoid dendritic cell (pDC) development and differ-
entiation. Mol Immunol. Oct;126:25–30. Review. 

Tussiwand R, Behnke MS, Kretzer NM, Grajales-Reyes GE, 
Murphy TL, Schreiber RD, Murphy KM, Sibley LD (2020). 
An Important Role for CD4+ T Cells in Adaptive Immuni-
ty to Toxoplasma gondii in Mice Lacking the Transcrip-
tion Factor Batf3. mSphere. Jul 15;5(4):e00634-20.

Tussiwand R, Rodrigues PF (2020). Where’s Waldo: Iden-
tifying DCs within Mononuclear Phagocytes during In-
flammation. Immunity. 2020 Jun 16;52(6):892-894.

Rodrigues PF, Alberti-Servera L, Eremin A, Grajales-Reyes 
GE, Ivanek R, Tussiwand R (2018). Distinct progenitor 
lineages contribute to the heterogeneity of plasmacy-
toid dendritic cells. Nat Immunol. Jul;19(7):711–722.

Sparber F, Dolowschiak T, Mertens S, Lauener L, Clausen  
BE, Joller N, Stoitzner P, Tussiwand R, LeibundGut- 
Landmann S (2018). Langerin+ DCs regulate innate IL-17  
production in the oral mucosa during Candida albi- 
cans-mediated infection. PLoS Pathog. May 21;14(5): 
e1007069.

Wu X, Briseño CG, Grajales-Reyes GE, Haldar M, Iwata A,  
Kretzer NM, Kc W, Tussiwand R, Higashi Y, Murphy TL,  
Murphy KM (2016). Transcription factor Zeb2 regul-
ates commitment to plasmacytoid dendritic cell and  
monocyte fate. Proc Natl Acad Sci U S A. Dec 20;113(51): 
14775–14780.

also highlighted heterogeneity within the pDC compartment leading to the identifi-
cation of a new subset referred as pDC-like cells. This subset is present as a small 
fraction of cells that fall within the pDC gate but appears to share hallmark fea-
tures not only with pDCs but also cDCs. Recent evidence has shown the presence 
of this subset also within the peripheral circulation of healthy donors. It appears 
that pDC-like cells are an immature cDC-progenitor subset capable of differenti-
ating upon activation in efficient cDCs. The functional properties of pDC-like cells 
as well as their differentiation capacity remain to be investigated. 

Fig. 1: pDC and DC Differentiation. Shown is the 
newly suggested model for pDC and cDC differ-
entiation with the relevant transcription factors. 




