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Abstract
Purpose  Plasmacytoid dendritic cells (pDCs) are commonly associated with myeloid malignancies. The association between 
lymphoblastic leukemia and pDCs has been little explored.
Case presentation  Here, we report a novel case of early T-cell precursor lymphoblastic leukemia (ETP-ALL) accompanied 
by prominent proliferation of blastic pDCs mimicking BPDCN. The diagnosis was established based on a comprehensive 
analysis of morphology, immunophenotype and clinical implications. We also present a literature review and discussion on 
the differential expression of reactive and neoplastic pDCs, the functional role of pDCs in lymphoblastic leukemia, and the 
etiological association of normal pDCs and BPDCN.
Conclusions  The current case demonstrates for the first time that prominent pDC proliferation can be associated with lym-
phoid neoplasms and can exhibit blastic morphology and immunophenotype. The underlying mechanism of the coexistence 
of these two blastic populations remains unknown. Further genetic profiling may be required to denote the progressive 
development of tumor stem cells to the lymphoid, myeloid or dendritic cell lineage. Moreover, the prognostic value of pDCs 
in hematological neoplasms needs further investigation.

Keywords  Early T-cell precursor lymphoblastic leukemia (ETP-ALL) · Blastic plasmacytoid dendritic cell proliferation · 
Blastic plasmacytoid dendritic cell neoplasm (BPDCN) · Immunophenotype

Introduction

Early T-cell precursor lymphoblastic leukemia (ETP-ALL) 
is a subtype of T-lymphoblastic leukemia (T-ALL) derived 
from a subset of cells that have immigrated to the thymus 
from the bone marrow (BM). The blasts of ETP-ALL share 
a similar morphology to other types of ALL, and the defini-
tion is mainly based on expression of CD7 but lack of CD8 
and CD1a and are simultaneously positive for one or more 
of the myeloid/stem cell markers, including CD34, CD117, 
HLA-DR, CD13, CD33 and CD11b (Steven et al. 2017). 
This immunophenotype usually permits delineation of ETP-
ALL from other T-ALL subtypes and from mixed pheno-
type acute leukemia (MPAL) T/myeloid. The prognosis of 
ETP-ALL remains controversial in adult patients (Bond et al. 
2017; Coustan-Smith et al. 2009; Jain et al. 2016; Ma et al. 
2012). Differential diagnosis and the use of response-based 
risk stratification and therapy intensification are vital for 
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treatment and prognosis prediction (Bond et al. 2017; Jain 
et al. 2016).

Dendritic cells (DCs) mainly contain two subsets: plas-
macytoid dendritic cells (pDCs) and conventional DCs 
(cDCs) or myeloid DCs (mCDs). Functional and nonma-
lignant pDCs are typically lineage (Lin)-HLA-DR+CD56-
CD123+CD11c- cells that play critical roles in immune 
responses by secreting interferon (IFN) type I (Grouard et al. 
1997). PDCs may have antitumor effects, for example, in 
neuroblastoma (Cordeau et al. 2016), or protumor effects, 
such as in breast cancer mouse models (Sawant et al. 2012), 
depending on the malignancy context. Normal pDCs account 
for a low percentage (less than 1%) of total nucleated cells 
in both BM and peripheral blood (Derolf et al. 2014; Lucas 
et al. 2019; Xiao et al. 2019).

The two types of hematological neoplasms related to 
pDCs are blastic pDC neoplasms (BPDCN) and mature 
pDC proliferations (MPDCP), both of which are commonly 
associated with myeloid malignancies, especially chronic 
myelomonocytic leukemia (CMML) (Facchetti et al. 2016; 
Vermi et al. 2004). Expansion of pDCs in acute myeloid 
leukemia (AML) patients (pDC-AML) was observed in 
approximately 5% of AML cases and is characterized by 
a high frequency of RUNX1 mutations (Xiao et al. 2021; 
Zalmai et al. 2021). Conversely, cases of BPDCN associated 
with lymphoid neoplasms are rare and never show common 

genetic events, suggesting co-occurrence instead of a com-
mon clonal origin (Harvell et al. 2000; Khan et al. 2019; 
Milley et al. 2016). Here, we report an exceptional case of 
ETP-ALL accompanied by prominent blastic pDC prolif-
eration that mimics BPDCN. We also reviewed previously 
reported articles to learn as much as possible about pDCs, 
BPDCN and lymphoid neoplasms.

Case report

A 54-year-old female patient presented to the emergency 
department with a short history of inguinal lymph node 
enlargement, sleep disorders and diarrhea. A complete blood 
test showed a white blood cell (WBC) count of 2.0 × 109/L 
(normal, 3.5–9.5 × 109/L), neutrophil count of 0.36 × 109/L 
(normal, 1.8–6.3 × 109/L), hemoglobin concentration 
of 123 g/L (normal, 115–150 g/L), and platelet count of 
49 × 109/L (normal, 100–300 × 109/L). Peripheral blood 
smear revealed 24% blast cells. The BM aspirate smear 
showed 52.5% blasts, with medium to large cell sizes, cir-
cular or irregular shapes, oval nuclei, fine chromatin, 1–2 
prominent nucleoli, and moderate amphophilic and agranu-
lar cytoplasm. Notably, 10% of the blast cells displayed strip 
or hand-mirror shapes with obvious tailing (Fig. 1a). Mul-
tiparametric flow cytometry (FCM) revealed two abnormal 
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Fig. 1   Identification of early T-cell precursor lymphoblastic leuke-
mia (ETP-ALL) accompanied by prominent blastic plasmacytoid 
dendritic cell (pDC) proliferation. a Bone marrow (BM) aspirate 
smear showed marked blast cells, with medium to large cell size, 
circular or irregular shape, oval nucleus, fine chromatin, 1–2 promi-
nent nucleoli, moderate amphophilic and agranular cytoplasm; some 
displayed strip or hand-mirror shape with obvious tailing. Magnifica-
tion: ×1000. b–d BM biopsy showed a nodular pattern with a diffuse, 
monomorphous infiltration of medium-sized blast cells, which were 

positive for CD303, and focal distribution of cells positive for CD3. 
Magnification: ×400. Inserts display a magnification of 200. e Flow 
cytometry revealed two populations of blast cells in the BM, one of 
which (gated in red) was positive for CD5 (dim), CD7, cCD3, CD99, 
CD34, CD117, CD13 (partial), and CD33 and negative for CD1a, 
CD2, CD3, CD4 and CD8. The other population (gated in blue) was 
positive for CD45, HLA-DR, CD4, CD56, and CD123 and negative 
for CD13, CD14, CD64, cMPO, CD2, CD8 and cCD3. Lymphocytes 
were gated in green
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cell populations. The first population (approximately 45%) 
was positive for CD5 (dim), CD7, cytoplasmic CD3 (cCD3), 
CD99, CD34, CD117, CD13 (partial), and CD33 and nega-
tive for CD1a, CD2, CD3, CD4 and CD8, consistent with 
ETP-ALL. The second population (approximately 15%) at 
the low-side scatter blast-gate with strong CD45 expres-
sion was positive for HLA-DR, CD4, CD56, and CD123 
and negative for CD13, CD14, CD64, cytoplasmic MPO 
(cMPO), CD2, CD8 and cCD3 (Fig. 1e), consistent with the 
blastic pDC phenotype. BM biopsy also revealed two types 
of cell populations (Fig. 1b). One showed a nodular pattern 
with a diffuse, monomorphous infiltration of medium-sized 
blast cells that expressed CD303 (Fig. 1c), CD4, CD123, 
CD56 and HLA-DR, compatible with blastic pDCs. Such 
cells were negative for TCL1 and BCL2 staining. Another 
population with focal infiltration was positive for CD3 
(Fig. 1d), CD99, CD34 (dispersed), CD117 (dispersed), 
CD5 and CD7, suggestive of ETP-ALL. A G-banded chro-
mosome analysis showed a normal female karyotype. Sanger 
sequencing and next-generation sequencing (NGS) revealed 
the DNMT3a R882 mutation but not other BPDCN-associ-
ated mutations (Menezes et al. 2014; Neumann et al. 2013). 
Overall, the findings were consistent with the diagnosis of 
ETP-ALL with blastic pDC proliferation.

Induction therapy containing cyclophosphamide, vincris-
tine and prednisone was given, followed by consolidation 
chemotherapy. The patient achieved complete remission 
(CR). T-lymphoblasts or pDCs in the BM were not detected 
by subsequent FCM. The patient later underwent hemat-
opoietic stem cell transplantation (HSCT). During follow-
up, over 3 years, the patient remained in continuous CR.

Methods

Patient samples were withdrawn for routine diagnostic tests. 
Cytology stainings, immunophenotyping on a FACS Canto 
II flow cytometer, karyotyping and gene mutation analysis 
were performed in our department. NGS analysis on Illu-
mina platform was performed in Kindstar (Kindstar Global, 
Chengdu, China). Histomorphology and immunohistologic 
stainings were performed in the Department of Pathology, 
West China Hospital of Sichuan University.

Discussion

We searched the literature and identified no previous articles 
reporting lymphoblastic leukemia accompanied by promi-
nent pDC proliferation or BPDCN. There were only sporadic 
cases describing the co-occurrence of BPDCN and another 
separate lymphoid neoplasm, including small lymphocytic 
lymphoma and Waldenstrom macroglobulinemia (Harvell 

et al. 2000; Khan et al. 2019; Milley et al. 2016). Thus, this 
is the first case showing concomitant ETP-ALL and promi-
nent blastic pDC proliferation.

Normally, circulating pDCs are limited, ranging from 
0.01 to 0.5%, and the percentage decreases with age (Jing 
et al. 2009). They are rare in the BM and nearly absent in 
the nonlymphoid tissues, where they can be recruited and 
accumulated in ongoing immune reactions and inflammatory 
or neoplastic diseases (Facchetti et al. 2016; Sozzani et al. 
2010). The percentage of pDCs can increase in a wide range 
of hematological malignancies, such as classical Hodgkin’s 
lymphoma, CMML and AML (Facchetti et al. 2016; Song 
et al. 2012; Vermi et al. 2004). In one study, the median pDC 
value in the healthy controls was 0.28% of the total BM cell 
count (range 0.14–0.53%), while in the T-ALL group, three 
patients (43%) had detectable pDC (mean 0.11% of total BM 
cell count) (Laane et al. 2007), which was low. The same 
study also showed an even lower level of pDCs in pediatric 
B-ALL than T-ALL (Laane et al. 2007). The infiltrated pDCs 
found in BM and lymph nodes in patients with myeloid neo-
plasms are described as “tumor-forming pDCs” (TF-PDCs) 
(Dargent et al. 2011; Wang et al. 2018, 2017). In 62 cases 
of TF-PDC-positive AML patients, the pDCs are composed 
of an average of 2.8% of the mononuclear cells in the BM 
(Zhu et al. 2020). Therefore, our case demonstrated that the 
expansion of an extraordinarily high percentage of pDCs can 
occur in lymphoblastic leukemia.

The distinction of normal pDCs and neoplastic DCs in 
BPDCN is primarily based on the evaluation of the mor-
phological features, immunophenotype and proliferation 
index (Jegalian et al. 2009; Renosi et al. 2021). Neoplas-
tic DCs generally have blastic cytomorphology that may 
resemble myeloid blasts or lymphoblasts. They commonly 
display morphological features, including a monotonous 
appearance of medium-sized tumor cells or large atypical 
monocytoid cells resembling lymphoblasts or myeloblasts, 
irregular nuclei, finely dispersed chromatin, a conspicuous 
nucleolus and agranular cytoplasm. BPDCN cells may also 
have cytoplasmic protrusions or pseudopods (hand-mirror 
cells) or microvacuoles in a string-of-pearls pattern (Fig. 2). 
A consensus guideline for the immunophenotype of BPDCN 
has not been established. According to previous reports, 
87% of BPDCN cases showed CD4+CD56+CD123+ by 
immunohistochemistry (Facchetti et al. 2016), and 46% of 
patients simultaneously expressed CD4, CD56, CD123, 
TCL1, and CD303 (Julia et al. 2014). In a cohort of patients 
with BM involvement, cells were positive for CD4, CD123, 
TCL1, and HLA-DR and negative for CD3, CD8, CD13, 
CD19, CD34, and myeloperoxidase (MPO) (Alayed et al. 
2013). Other antigens expressed by subsets of BPDCN cases 
included the following: CD56 (81%), CD33 (70%), CD7 
(69%), TdT (33%), CD2 (31%), CD117 (22%), and CD5 
(15%) (Alayed et al. 2013). It was raised that a confident 
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diagnosis of neoplastic DCs can be made when four of the 
five antigens (CD4, CD56, CD123, TCL1, and CD303) are 
expressed (Julia et al. 2014; Trimoreau et al. 2003), and 
they may express TdT, while Ki67 is usually > 30% (Jega-
lian et al. 2009). In comparison, normal pDCs are mainly 
CD123+CD4+ TCL1 + CD56-TdT-(Ki67 < 5%). Although 
rare CD56- BPDCN cases have been reported, CD56 

positivity is a key feature of malignant pDCs compared to 
normal pDCs. Meanwhile, BPDCN may express other anti-
gens that may be negative in normal pDCs, such as BCL2 
(Cota et al. 2010). The immunophenotypic characterization 
of BPDCN is detailed in Table 1.

The genetic landscape and clinical presentations also 
assist in differentiating neoplastic DCs from normal pDCs. 
Simple and complex recurrent cytogenetic abnormalities 
have been reported in BPDCN, of which 5q-, 12p- and 12p/
ETV6 are the most frequent aberrations (Fu et al. 2013; 
Tang et al. 2016, 2018). Recurrent mutations associated 
with BPDCN include point mutations on TET2, ASXL1, 
NPM1, NRAS and Ikaros (IKZF) (Menezes et al. 2014). The 
transcriptional signature of BPDCN is also clearly different 
from the normal pDC signature in that cell proliferation and 
division were upregulated in BPDCN, whereas regulation 
of cell shape and signal transduction was downregulated 
(Renosi et al. 2021). Clinically, skin involvement occurs in 
almost all BPDCN cases (Petrella and Facchetti 2010), and 
leukemia as the first presenting symptom without any cuta-
neous involvement is rare. Moreover, BPDCN is known to 
be highly malignant, leading to death within a few months. 
Radiation therapy or chemotherapy regimens did not sig-
nificantly affect the course of BPDCN, although BM trans-
plantation and targeted therapy against CD123 may improve 
survival (Dalle et al. 2010; Frankel et al. 2014).

In the current case, none of the following features sup-
port the diagnosis of BPDCN: TCL/BCL2 negativity, less 
aggressive clinical course, no cutaneous involvement, che-
mosensitivity and good prognosis. Therefore, our case is 
underscored by the proliferation of reactive pDCs rather than 
neoplastic pDCs. This finding teaches us that the diagno-
sis of BPDCN may not solely depend on immunopheno-
typic markers. Whether CD56 + pDCs are equal to malig-
nant pDCs is worth investigating. A diagnostic consensus 
and standardized treatment guidelines have also yet to be 
established.

Etiologically, how stem cells could simultaneously 
develop into both blastic lymphoid and pDC lineages in 
this case is not clear. There has been evidence that pDCs 
may be derived from either myeloid or lymphoid progeni-
tors (Ishikawa et al. 2007; Karsunky et al. 2005; Yang 
et al. 2005); however, pDCs seem to be closer to the mye-
loid lineage, and their accumulation frequently occurs in 
patients with myeloid neoplasms (Facchetti et al. 2016; 
Vermi et al. 2004). In fact, approximately 10–20% of cases 
of BPDCN are associated with or develop into other mye-
loid neoplasms, most commonly CMML, myelodysplastic 
syndrome and AML (Facchetti et al. 2016; Feuillard et al. 
2002; Herling et al. 2003; Khoury et al. 2002; Petrella 
et al. 2005; Reichard et al. 2005; Vitte et al. 2012). Even 
MPDCP is invariably associated with a myeloid disorder 
(Dargent et al. 2011; Petrella and Facchetti 2010; Vermi 

a b

c

d

Fig. 2   Morphology of BPDCN in peripheral blood and bone marrow 
smear. a and b Peripheral blood involvement shows atypical blastic 
cells displaying a monotonous appearance of large atypical monocy-
toid cells with abundant cytoplasm and some microvacuoles; resem-
bling lymphoblasts or myeloblasts; Magnification: ×1000; c and d 
bone marrow involvement oshows blasts with irregular nuclei, finely 
dispersed chromatin, conspicuous nucleolus, and abundant and agran-
ular cytoplasm with dendritic-like protrusions and intracytoplasmic 
microvacuoles in a string-of-pearls pattern; Magnification: ×400
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et al. 2004; Vitte et al. 2012). In parallel, the origin of neo-
plastic DCs is also controversial. The cellular oncogenic 

origin of BPDCN is heterogeneous. Previously, pDCs were 
considered to be the normal counterpart of BPDCNs (Sapi-
enza et al. 2014); however, a subsequent study indicated 
that BPDCN is closer to CD56 + DCs, a novel mDC subset 
mixed with some pDC features, by global gene expression 
profiling(Yu et al. 2015). A recent study on the transcrip-
tomic signature indicated that BPDCN is closer to B-cell 
acute lymphoblastic leukemia (ALL) in most cases, with 
enrichment in pDC and B-cell signatures (Renosi et al. 
2021). When cCD3 is positive, the differential diagnosis 
of T-ALL and BPDCN is challenging because both rely 
heavily on the immunophenotype (Renosi et al. 2021). 
Notably, the blasts of ETP-ALL are not yet irreversibly 
committed to the T-cell lineage and retain the potential for 
myeloid/dendritic cell differentiation (Steven et al. 2017). 
The common expression of myeloid markers in ETP-ALL 
may support the notion of lymphocyte-primed multipotent 
progenitors.

Studies on the role of pDCs in the context of acute 
lymphoblastic leukemia (ALL) are limited (Table 2). In 
two separate studies on ALL cases, patients with T-ALL 
had normal or high pDC levels, while patients with B-ALL 
had low BM DC levels and impaired pDC function at diag-
nosis (Laane et al. 2007; Mami et al. 2004). Consistently, 
pDCs from B-ALL patients display significant changes in 
phenotype and suppressed function, including depressed 
pDC proportions, limited antigen-presenting function and 
pDC function, which are gradually restored following ther-
apy and remission (Zhou et al. 2019). These works suggest 
that DC development is probably affected in B-ALL but 
not in T-ALL, which may partially explain the impaired 
immune system and poor anti-leukemia immune responses 
in B-ALL. Furthermore, DC proportions could respond to 
patient conditions and may be useful for monitoring dis-
ease progression. Interestingly, DCs within tumor micro-
environments may have aberrant phenotypes and have 
been implicated in the suppression of antitumor adaptive 
immune responses (Gabrilovich 2004). A later study pro-
vided the first evidence that endogenous tumor-associated 
DCs in the tumor microenvironment can contribute to 
T-ALL growth through an IGF1R-dependent mechanism 
(Triplett et al. 2016). However, they never determined 
which specific DC subsets directly support T-ALL growth. 
PDC is one subset of DCs that are responsible for the initi-
ation and regulation of immune responses and can promote 
the polarization of naive T cells (Rissoan et al. 1999). Fur-
ther investigation of DC phenotypes and functions in ALL 
may help identify potential therapeutic targets for these 
specific DC subsets and their tumor-promoting signals. 
Whether pDC proliferation in ETP-ALL is of prognostic 
value requires longitudinal analyses on more cases.

Table 1   Immunophenotypic characterization of BPDCN and differen-
tial antigen expressions from normal pDCs and MPDCP

a Normal pDC and MPDCP are usually CD56-, whereas CD56-
BPDCNs are rare
b TdT is usually not expressed by MPDCP
c CD68 is typically strongly expressed on normal pDCs
d Antigens (BCL-2, BCL6 and IRF4) that are usually negative in nor-
mal pDCs

Antigens Expression in BPDCN

T-cell marker
 CD2  + (31%)
 CD3 –
 CD4  + (92%)
 CD5  + (15%)
 CD7  + (69%)

B-cell marker
 CD10 –
 CD19 –
 CD20 –
 CD79a Occasionally + 

Myeloid marker
 CD13 –
 CD33  + (70%)
 CD117  + (22%)
 CD64 –

NK-cell marker
 CD56a  + (92%)

Precursor/activation marker
 CD34  + (17%)
 HLA-DR  + 
 TdTb  + (33%)
 CD38 Commonly + 

pDC marker
 CD123  + 
 CD303(BDCA2)  + 
 CD304(BDCA4)  + 

Cytotoxic antigen
 Granzyme –/ + 
 Perforin –/ + 
 TIA1 –/ + 

Other
 CD68c  + (50–80%)
 TCL-1  + 
 BCL-2d  + 
 BCL-6d  + 
 IRF4d  + 
 CD43  + 
 Lysozyme –
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Conclusion

To the best of our knowledge, this is the first reported case of 
ETP-ALL accompanied by prominent CD56 + blastic pDC 
proliferation mimicking BPDCN. The current case demon-
strates that significant pDC proliferation can be associated 
with lymphoid neoplasms and can exhibit blastic morphol-
ogy and immunophenotype. The underlying mechanism 
of the coexistence of these two blast populations remains 
unknown and may require further genetic profiling of the 
sorted cells to denote the progressive development of tumor 
stem cells to the lymphoid, myeloid or dendritic cell lineage. 
Whether pDC proliferation has an impact on ETP-ALL prog-
nosis remains to be explored. Considering that the incidence 
of BPDCN is low, more retrospective studies are needed 
to obtain clinical, molecular, diagnostic, and therapeutic 
aspects of the disease.
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