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Detection of Minimal Bone Marrow involvement of Blastic
Plasmacytoid Dendritic Cell Neoplastic Cells - CD303
immunostaining as a diagnostic tool-

Rintaro Ohe,” Naing Ye Aung,” Yosuke Shiono,” Aya Utsunomiya,” Takanobu Kabasawa,"
Nobuyuki Tamazawa,” Yuka Tamura,” Tomoya Kato,” Akane Yamada,” Shin Hasegawa,z)
Keiko Aizawa,” Kyoko Inokura,” Satoshi Ito,” Tomomi Toubai,” Yuichi Kato,”

Takahiko Tsunoda,” Kosuke Onami,” Tamio Suzuki,” Kenichi Ishizawa,” and

Mitsunori Yamakawa'

Blastic plasmacytoid dendritic cell (pDC) neoplasm (BPDCN) is a relatively rare hematological malignancy with significantly
complex clinicopathological features that are still unclear. This study aimed to analyze the clinicopathological data of BPDCN
and evaluate immunohistochemical detection of minimal bone marrow (BM) involvement. In this study, we examined skin and
BM lesions from 6 patients with BPDCN. Neoplastic cells tested positive for CD303 (polyclonal, 100%; monoclonal, 40%) in
the skin lesions and for CD303 (polyclonal, 100%; monoclonal, 67%) in the BM clots. Although immunostaining of CD4,
CD56, CD123, CD303, and TCLI detected minimal BM involvement in 3 patients, morphological identification was challeng-
ing in the BM clots stained with hematoxylin—eosin. In conclusion, our results demonstrate the significance of observing BM
smears to detect neoplastic cells and that immunohistochemical examination, including CD303 antibodies, is useful to detect
minimal BM involvement. This study is the first to report the expression of thymic stromal lymphopoietin (TSLP) and its
receptor in BPDCN cells. Therefore, the TSLP/TSLP receptor axis may be associated with the proliferation of BPDCN, and
consequently, the survival of patients.
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characterized by a deceptive indolent onset dominated by

INTRODUCTION skin lesions, which is the prominent and only detectable clin-

Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is
a relatively rare hematological malignancy,' accounting for
0.44% of all hematological malignancies and 0.7% of all
cutaneous lymphomas.> BPDCN is a clinically aggressive
tumor derived from the precursors of plasmacytoid dendritic
cells (pDC).! It usually occurs at the age of 50-70 and is
rare in pediatric patients; the ratio of male to female patients
is 2.5-2.7:1, and the median survival is 12—14 months.'*

The clinical features and evolution of BPDCN are rather
homogenous and categorized into dermatopathic (>90% of
cases) and leukemic patterns.> The dermatopathic pattern is

ical feature in nearly 50% of patients, followed by tumor dis-
semination. Conversely, the leukemic variant is character-
ized by an elevated white blood cell count, circulating
neoplastic cells, and massive bone marrow (BM) infiltration.
Pure leukemic presentation is very rare (7% of 756 cases)
and is mostly associated with multiple skin lesions. Other
manifestations are related with tumor infiltration into the
lymph nodes (localized and generalized lymphadenopathy),
spleen, and liver.

Notably, BPDCN can be precisely diagnosed by the
immunohistochemical scoring system using CD4, CD56, and
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pDC-related markers, including CD123, CD303 (BDCA2/
CLEC4), and T-cell leukemia/lymphoma 1 (TCL1).
Furthermore, additional immunostaining of cutancous lym-
phocyte-associated antigen (CLA), CD43, and terminal
deoxynucleotidyl transferase (TdT) often facilitates BPDCN
diagnosis.***

Previously, some prognostic factors for BPDCN, includ-
ing age, tumor involvement at the time of diagnosis, immun-
ophenotype, and genetic abnormality, have also been
reported.>>7®  Of note, early diagnosis is essential to deter-
mine the state of disease and devise an appropriate treatment
plan. In particular, the detection of minimal BM involve-
ment of BPDCN at the time of diagnosis may be crucial for
treatment selection because high marrow blastosis is a poor
prognostic factor for BPDCN.?

Recently, the association of thymic stromal lymphopoi-
etin (TSLP) with tumor survival and progression of several
kinds of tumors, such as breast, lung, gastric, pancreatic, and
cervical cancers, and mycosis fungoides have been
reported.'®!? The TSLP receptor (TSLPR) complex has also
been found in pediatric B-cell acute lymphocytic leukemia.'®
Although TSLPR expression is observed in multiple
myeloma cell lines, TSLP does not affect the proliferation or
drug resistance of multiple myeloma cells.!* In addition,
non-neoplastic pDCs express TSLPR and interleukin-7
receptor.'

This study examined the clinicopathological features of 6
patients with BPDCN, and evaluated the immunohistochemi-
cal detection of minimal BM involvement,'® focusing on
CD303 immunostaining. This is the first report of the

Table 1. Clinical features of the patients of BPDCN

expression of TSLP and TSLPR in BPDCN cells.

MATERIALS AND METHODS
Patients

In this study, we examined 6 patients who were diag-
nosed with BPDCN at Yamagata University Hospital and
Yamagata City Hospital Saiseikan between 2008 and 2017
(Tables 1 and 2, respectively). BPDCN was pathologically
diagnosed by skin biopsy and BM aspiration biopsy in 5
patients (cases 1, 3, 4, 5, and 6), and by BM aspiration biopsy
alone in 1 patient (case 2). The diagnosis was further con-
firmed using the following two immunohistochemical crite-
ria: (a) the scoring system of immunophenotype for CD123,
CD303, CD304, CD4, CD56, MPO, CD79a, and CD3,
excluding CD11c;® and (b) the expression of four markers
among CD4, CD56, CD123, TCL1, and CD303.5

Tissue and cytological specimens

We obtained skin (n = 7) and BM (n = 8) tissue speci-
mens from patients with BPDCN at the time of diagnosis
(skin, n =5; BM, n = 6; Table 2) and latest biopsy (skin, n =
2; BM, n=2; case | and 3). Systemic organs, pleural effu-
sion, and ascites were collected and examined from an
autopsy case. In case 2, the skin lesion was not biopsied.
Resected tissue specimens, including non-neoplastic tonsils
and thymuses, were obtained from patients with chronic ton-
sillitis and neonatal autopsy cases, respectively. Then, tis-
sues were fixed in 10% neutral buffered formalin for 6—12
hours at room temperature, embedded in paraffin, and used

Neoplastic cell

No Age/ involvement at the G-band Treatment Outcome & neoplastic cell involvement
Sex . . . at the end stage
time of diagnosis
. Dead, 38 months
73/ Skin, BM (Minimal Skin sample: L
! M involvement) 96, XXYY,i(1)(q10)+8,+8,48,+8,inc(4)  1YPer CVADMA Skin, BM, LN, PB, cercbrum,
cerebellum
. . BM sample:
kin, BM (Leuk . D h
2 ?3[/ Is‘l\;ni’B s (1:;1 emic), 45,X,-Y,add(6)(q21),add(9)(q22?), Supportive therapy Slf;d’];\;[n (}illt\l SPB
» ¥ 55 5P add(17)(q11.2)[12]/46,XY[4] Y
BM sample: Dead, 15 months
. . 46,XY,add(11)(q13),?der(20)t(11;20) Hyper CVAD/MA Autopsy; Skin, BM, LN, PB, heart, lung,
3 7131/ il;}ni,];M (Leukemic), (q13:q11.2)[9]/45-46,XY,add(11)(q13),  Radiation therapy to the liver, spleen, kidney, pancreas, adrenal
’ 2der(20)t(11;20)(q13;q11.2) head lesion of skin gland, thyroid gland, testis, esophagus,
[cp4]/46,XY urinary bladder, peritoneum
37/ Skin, BM (Minimal BM sample: Hyper CVAD/MA .
4 M involvement), PB Normal karyotype Allo-HSCT Alive, 34 months (on follow-up)
35/ Skin, BM (Minimal BM sample: Hyper CVAD/MA Alive, 75 rr.lon.ths (The follow-up Wé,lS
5 . ended at this time due to the patient’s
M involvement) Normal karyotype Auto-PBSCT .
opinion)
74/ . . .
6 M Skin, BM (Leukemic), PB  ND CHOP Alive, 4 months (on follow up)

M, male; BM, bone marrow; LN, lymph node; PB, peripheral blood; CVAD, cyclophosphamide, doxorubicin, vincristine and dexamethasone;
MA, methotrexate and cytarabine; Allo-HSCT, allogeneic hematopoietic stem cell transplantation; Auto-PBSCT, autologous peripheral blood
stem cell transplantation; CHOP, cyclophosphamide, doxorubicin, vincristine and prednisolone, ND; no data.



for hematoxylin—eosin (H&E) staining and immunohisto-
chemistry as described previously.!® In addition, we exam-
ined touch imprint specimens (case 1) and BM smears (all
cases) by Papanicolaou and Giemsa staining. BM smear
specimens were dried and stored in a deep freezer. Before
use in immunocytochemistry, they were fixed in 10% neutral
buffered formalin for 1 hour at room temperature.

Immunostaining

Immunostaining was performed using antibodies against
CD4 (4B12; mouse IgGlxk; Nichirei, Tokyo, Japan), CD56
(123C3; mouse IgGlk; DAKO, Glostrup, Denmark), CD123
(BR4MS; mouse IgG2b; Novocastra, Leica Biosystems,
Nussloch, Germany), CD303 (BDCA-2/CLEC4C, Human
Protein Atlas Number HPA029432, rabbit IgG, polyclonal;
Sigma-Aldrich, St. Louis, MO), CD303 (124B3.13; mouse
IgG1; Dendritics SAS, Lyon, France), CD304 (BDCA-4/
Neuropilin 1, EPR3113; rabbit IgG; Abcam, Cambridge,
UK), TCL1 (27D6/20; mouse 1gG1; Medical & Biological
Laboratories, Nagoya, Japan), CLA (CD162, HECA-452; rat
IgMxk; BD, Franklin Lakes, NJ), CD43 (DF-T1; mouse
IgGlk; DAKO), TdT (SEN28; mouse IgG2a; Nichirei),
CD83 (1H4b; mouse IgG1k; Novocastra, Leica Biosystems),
TSLP (rabbit IgG, polyclonal; Abcam, Cambridge, UK),
TSLPR (goat IgG, polyclonal; R&D Systems, Minneapolis,
MN), CD3 (PS1; mouse IgG2a; Nichirei), CD79a (JCB117,

Minimal BM involvement of BPDCN

mouse IgGlk; Nichirei), myeloperoxidase (MPO) (59A5;
mouse [gG2bk; Novocastra, Leica Biosystems), cyclin A
(6E6; mouse IgGlk; Novocastra, Leica Biosystems), cyclin
B1 (7A9; mouse IgG1lk; Novocastra, Leica Biosystems), and
Ki-67 (MIB-1; mouse IgGlk; DAKO). Heat-induced anti-
gen retrieval was performed with chemicals such as citric
acid (pH 6; LSI Medience, Tokyo, Japan), EDTA (Epitope
Retrieval Solution pHS; Leica Biosystems), EDTA (Antigen
Retrieval Solution pH9; Nichirei), and 0.05% citraconic
anhydride solution (pH7.4; Immunosaver; Nissin EM, Tokyo,
Japan). In addition, enzyme-induced antigen retrieval treat-
ment was performed with proteases such as trypsin (Difco
Trypsin 250; BD) and proteinase K (Proteinase K; DAKO).
Tissue sections were incubated with primary antibodies at
4°C overnight. Histofine SAB-PO (MULTI) kit (Nichirei),
Dako EnVision+ System-HRP Anti-Mouse, and Anti-Rabbit
(DAKO) were used as secondary antibodies. Positive reac-
tions were detected as brown coloration with 3, 3'-diamino-
benzidine tetrahydrochloride. Tonsils were used as a posi-
tive control for CD303 (polyclonal)/(124B3.13), whereas
thymuses were used as a positive control for TSLP and
TSLPR. In contrast, FLEX Universal Negative Control
Mouse and Rabbit (DAKO) were used as the negative con-
trols for primary antibodies.

Reactivity was defined as follows; -, negative; f+, focal
positive; and +, diffusely positive (<30% of neoplastic cells).

Table 2. Immunohistochemical results of skin and bone marrow (BM) lesions at the times of diagnosis

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Antigen Skin 3\1/\[/; ](3]1\;[ Skin ](3]1\;[ Skin 3\1/\[/; Skin ?1\]/\[/; Skin ](3]1\;[
CD4 + + + + + + + uc + +
CD56 + - + + + + + - + +
CD123 + + + + + + + + + + +
CD303 (polyclonal) + + + + +f + + + + + +
CD303 (124B3.13) - - + + + + + + -
CD304 + ucC + + ND + ucC + ucC -
TCLI - uc + + ++ - ucC + + + +
CLA +* +* + + ND +* ucC uc +* +*
CD43 - - - - ND + - - + +
TdT - - - - f+ + + + B
CD83 - - - - ND - - - - -
TSLP + ucC + + ND + ucC + uc + +
TSLP receptor + ucC + + ND + ucC + ucC + +
Cyclin A index 35.8+0.6 uc 12.44+6.9 1.1+0.2 ND 37.5+3.8 uc 30.6+8.3 ucC 15.242.7 6.6+1.8
Cyclin B index 8.2+0.9 ND 4.8+2.7 0.5+0.3 ND 23.7+4.4 ND 11.842.4 ND ND ND
MIB 1 index 71.1+4.6 ucC 66.6+6.9 21.0£2.4 ND 79.7+2.0 uc 71.8+6.0 uc 23.6+4.0 21.4+4.6

M, minimal involvement; L, leukemic; TSLP, thymic stromal lymphopoietin; -, negative; f+, focal positive; +, diffuse positive (less than 30%
of neoplastic cells); ND, no data; UC, uncountable due to other hematopoietic cells staining; *, a small-dot paranuclear pattern of positive

immunostaining; T, only positive for BM smear.
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Positive neoplastic cells for cyclin A, cyclin B, and Ki-67
were counted in a total of >9,000 neoplastic cells, and each
labeling index (LI) was estimated as a percentile.

Minimal BM involvement

Although BPDCN cells are often lymphoblast-like, they
are occasionally myeloid-like.®*!7 Cytologically, neoplastic
cells had round to oval nuclei, finely dispersed chromatin,
prominent nucleoli, scant pale-blue agranular cytoplasm,
occasional cytoplasmic microvacuoles, and pseudopodia-
shaped cytoplasmic extensions.* In this study, minimal BM
involvement was identified as small clusters of neoplastic
cells expressing CD123 and/or CD303, which was not easily
recognized in BM clots stained by H&E (case 1, 4 & 5).

Statistical analysis

The spearman’s rank correlation was used to compare the
LIs of cyclin A, cyclin B, and Ki-67. The spearman’s coeffi-
cient was denoted by rs. P < 0.05 was considered significant
for each marker.

Research ethics

This study was approved by the Research Ethics
Committee (H27-59) of Yamagata University Faculty of
Medicine (Yamagata, Japan).

RESULTS
Clinical findings

Table 1 summarizes the clinical results of this study. All
6 patients enrolled in this study were males aged 35-83
(mean age: 62.5) years. Of the 6 patients, 4 exhibited nodu-
lar skin lesions of approximately 5 cm (cases 1, 2, 3, and 6),
and the other 2 exhibited small lesions, such as erythema, up
to several centimeters (cases 4 and 5). Three patients (cases
2, 3, and 6) were at the leukemic stage at the time of diagno-
sis. In G-banding, excluding case 6, 3 patients (cases 1, 2,
and 3) had abnormal karyotypes, whereas the other 2 patients
had normal karyotypes. Four patients (cases 1, 3, 4, and 5)
were treated with hyper-CVAD (cyclophosphamide, doxoru-
bicin, vincristine, and dexamethasone)/MA (methotrexate
and cytarabine) and CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisolone), whereas 1 patient (case 2) was
treated with only supportive therapy as he was at the end
stage of the disease. After chemotherapy, cases 4 and 5
underwent allogenic hematopoietic stem cell transplantation
(ASCT) and autologous peripheral blood SCT, respectively.
Both cases 4 and 5 have been alive without relapse for 34 and
75 months, respectively. Only case 6 developed hepatocel-
lular carcinoma.

Histological and cytological findings

Seven skin samples (cases 1, 3, 4, 5, and 6) demonstrated
diffuse dermal and subcutaneous infiltration with a grenz
zone of medium-sized cells having a high nucleus/cytoplasm
ratio with relatively scant cytoplasm and finely dispersed
chromatin. Morphologically, neoplastic cells were round,

oval, and spindle shaped (Fig. 1a). In the autopsy of case 3,
blastic involvement was observed in the skin, BM, peripheral
blood, and other systemic organs (Table 1).

Among eight BM samples, three BM clots demonstrated
leukemic marrow at the time of diagnosis (cases 2, 3, and 6)
and one BM clot did so during autopsy (case 3). The mor-
phology of neoplastic cells in the BM clot was nearly equiva-
lent with that of cells in the skin lesion. The BM smear fea-
tures were as follows: scant to modest pale-blue agranular
cytoplasm, cytoplasmic microvacuoles, and pseudopodia-like
shape (Fig. 1b). No neoplastic cells were identified in four
BM clots stained by H&E at the time of diagnosis (cases 1, 4,
and 5) or in one BM clot from the latest biopsy (case 1;
described later). Although case 1 progressed to a leukemic
stage, the BM sample at the leukemic stage was not biopsied.

Neoplastic cells had a moderate amount of cytoplasm and
resembled pseudopodia in shape in the touch imprint speci-
men (case 1), and had round nuclei with some distinct nucle-
oli in the pleural effusion and ascites specimens (case 3; Fig.
Ic). With regard to cytology, the morphological features of
neoplastic cells identified using Papanicolaou staining were
consistent with those of BM smears observed using Giemsa
staining.

Immunostaining

We examined antigen retrieval with heat-induced (e.g.,
pH6, pH8, pHI9, and citraconic anhydride) and enzyme-
induced (e.g., trypsin and protease K) factors for CD303 anti-
bodies. The best results for the CD303 (polyclonal) anti-
body and CD303 (124B3.13) antibody were observed at pH 8
and pH 9, respectively. More than 30% positive neoplastic
cells was considered as positive at the time of diagnosis
(Table 2). All 6 patients satisfied the two immunohisto-
chemical criteria of BPDCN.*¢ Neoplastic cells of BPDCN
were positive for CD123 (Fig. 1d) in all. In addition, neo-
plastic cells were positive for CD303 (polyclonal; 100%)/
(124B3.13; 40%) in the skin lesions and CD303 (polyclonal;
100%)/(124B3.13; 67%) in the BM clots (Fig. le).
Furthermore, they were positive for CD4 (83%), CD56
(83%), CD304 (83%), TCL1 (67%), CLA (83%), CD43
(33%), TdT (33%), TSLP (100%; Fig. 1f), and TSLP-R
(100%; Fig. 1g). In 4 patients (cases 1, 3, 4, and 6), CLA
was positive in a paranuclear dotted pattern as reported in a
previous study.'® Conversely, CD3, CD79a, CD83, and
MPO were negative in all. The immunophenotype of neo-
plastic cells at the latest biopsy (cases 1 and 3) was similar
with that at the time of diagnosis. As one BM clot at the
time of diagnosis was not sufficient for examination (case 3),
CD123 was expressed on cell membranes (Fig. 2a), CD303
(polyclonal) on the cell membrane and cytoplasm (Fig. 2b),
and TCLI in the nucleus and cytoplasm of neoplastic cells on
the BM smear (Fig. 2¢).

Cyclin A LIs were positively correlated with cyclin B1
LIs (r=0.78; P <0.01; n=25) and Ki-67 LIs (s = 0.77; P <
0.01; n = 25), whereas cyclin B1 LIs were positively corre-
lated with Ki-67 LIs (s = 0.85; P <0.01; n =25) (Fig. 3a-c).
Furthermore, younger patients (< 40 years; cases 4 and 5)



had higher LIs [cyclin A LI (34.1% + 7.7%; n = 10), cyclin
B1 LI (17.7% =+ 7.3%; n = 10), and Ki-67 LI (75.7% + 6.3%;
n = 10)] than older patients [cases 1, 2, 3, and 6; cyclin A LI
(14.2% + 12.2%; n = 25), cyclin B1 LI (4.5% + 3.7%; n = 15;
excluding case 6), and Ki-67 LI (40.7% £ 23.9%; n=25; P <
0.01)] (Fig. 3d).

Minimal BM involvement of BPDCN

Minimal BM involvement

Minimal BM involvement was observed in 3 patients
(cases 1, 4, and 5), excluding the 3 leukemic patients (cases
2,3, and 6; Tables 1 and 2). Three BM clots at the time of
diagnosis exhibited normocellular marrow in which

55“-'.‘?'. ‘
X el

o 03

-

o AT

Fig. 1. Histological and cytological findings in blastic plasmacytoid dendritic neoplasms (Za-g, case 3). (1a) The
oval to spindle neoplastic cells diffusely proliferate in the dermis. (1b) The neoplastic cells have scant to modest
pale-blue agranular cytoplasm and extend cytoplasmic pseudopodial projections on bone marrow smears. (Ic)
Neoplastic cells in the pleural effusion specimen have ground glass chromatin, a round nucleus, and some small
nucleoli. (1d-g) The neoplastic cells in formalin-fixed and paraffin-embedded specimens from skin lesions are dif-
fusely positive for CD123 (1d), CD303 (polyclonal) (Ie), thymic stromal lymphopoietin (If), and thymic stromal
lymphopoietin receptor (1g).
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neoplastic cells was not easily detected using H&E staining.
However, neoplastic cells with morphological characteristics
of BPDCN were scattered on BM smears as mentioned ear-
lier. In an immunohistochemical re-evaluation of the BM
clots, neoplastic cells were positive for CD123 (Fig. 2d;
Table 2). Regarding the other BPDCN markers, CD303
(polyclonal) was expressed in 3 patients (cases 1, 4, and 5;
Fig. 2¢), CD303 (124B3.13) in 2 (cases 4 and 5; Fig. 2f),
CD4 in 2 (cases 1 and 4), CD56 in 1 (case 4), and TCL1 in 1

(case 5). Of these five markers, CD4 and TCL1 were also
detected in hematopoietic cells other than BPDCN cells. In
addition, CD123 was expressed on the cell membrane (Fig.
2d), CD303 (polyclonal) on the cell membrane and cyto-
plasm (Fig. 2¢), and CD303 (124B3.13) on the inner part of
the cell membrane of neoplastic cells (Fig. 2f).

Fig. 2. Bone marrow (BM) involvement of blastic plasmacytoid dendritic neoplastic cells (2a-c, case 3; 2d-f, case
4). The neoplastic cells in BM smears are diffusely positive for CD123 (2a), CD303 (polyclonal) (2b), and TCL1
(2c¢) in a leukemic case. The neoplastic cells in BM clots are positive for CD123 (2d), CD303 (polyclonal) (2e), and
CD303 (124B3.13) (2f) in a minimal BM involvement case.



DISCUSSION

Although the immunophenotype of immature pDC is
CD303*"CD304*CD83-CD86""CD11c and that of mature

Minimal BM involvement of BPDCN

pDC is CD3037-CD304"""CD83*CD86"""CD11c*"."?
Facchetti F, ez al. suggested that BPDCN could be precisely
diagnosed when four antigens among CD4, CD56, CD123,
CD303, and TCLI were expressed by neoplastic cells.> Of

a b c
- r.=0.78 LA r.=0.77 - r, = 0.85
90 P<0.01 90 P<0.01 90 P<0.01
80 80 | o Jo 80 | ¢
_, 70 70 |, *f 70 .; *
D 60 S 60|, ° S 60 § *
2 50 2 50 2 50
© 40 40 40
30 Lo 30 | 30 |
20 B 20 § 20 §
10 | # g 10 10
o of 0 0
0 50 100 0 50 100 0 50 100
Cyclin A Cyclin A Cyclin B1
d
100
90 P<0.01
80 [
% 70
o
£ 60
b
o
g 50 P<0.01
G
~ 40
P<0.01
30
:
20 l
o L1 £
Older Younger Older Younger Older Younger
(n=25) (n=10) (n=15) (n=10) (n=25) (n=10)
Cyclin A Cyclin B1 Ki-67

Fig. 3. Correlation of cyclin A, cyclin B1, and Ki-67 labeling indices (LIs) (3a-c), and relationship of LIs in
younger patients and in older patients (3d). Cyclin A LIs were positively correlated with cyclin B1 LIs and Ki-67
LIs, whereas cyclin B1 LIs were positively correlated with Ki-67 LIs (3a-c). Younger patients (< 40 years; cases 4
and 5) had higher LIs than older patients (3d).
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these markers, CD123 and CD303 were included in the scor-
ing system for BPDCN due to their relative specificity.®
However, occasional CD123, CD303, and TCL1 expression
was noted in myeloid and myelomonocytic leukemia with
skin involvement.* Hwang K, et al. demonstrated the effec-
tiveness of immunohistochemistry for CD4, CD56, and
CD123 in detecting minimal BM involvement by BPDCN. '
Their method of confirming minimal BM involvement was to
detect positivity for CD4, CD56, and CD123 on clustered
neoplastic cells in morphologically normal BM confirmed by
BM smear, biopsy, and BM clot. In this study, CD303 (poly-
clonal) and CD303 (124B3.13) immunostaining was exam-
ined. Our results demonstrated different positive rates
between CD303 (polyclonal) and CD303 (124B3.13) anti-
bodies. CD303 is a type II transmembrane glycoprotein that
belongs to the C-type lectin superfamily and is the most spe-
cific marker for human pDC.?* CD303 consists of a single
extracellular carbohydrate recognition domain, a transmem-
brane region, and a short cytoplasmic domain.?® In addition,
the CD303 (polyclonal) antibody recognizes the part of the
carbohydrate recognition domain that is conserved between
the molecules of the same family, such as CD209 (DC-SIGN)
and CD367 (DCIR/CLEC4A), whereas the CD303
(124B3.13) antibody recognizes the intracytoplasmic part of
the molecule confirmed by each manufacturer and the
designed sequence.?’ In this study, the staining pattern of the
CD303 (polyclonal) antibody was the cell membrane and
cytoplasm (Figs. le and 2b, and e), and that of the CD303
(124B3.13) antibody was the inner part of the cell membrane
(Fig. 2f). Fixation agents, such as buffered formalin, mask
antigens. It is possible that the CD303 (polyclonal) antibody
recognizes more antigen epitopes. Conversely, the CD303
(124B3.13) antibody recognizes the limited region 10-20
amino acid sequence.?’ In this study, the best results for the
CD303 (polyclonal) antibody and CD303 (124B3.13) anti-
body were achieved with antigen retrieval agents at pH 8 and
pH 9, respectively. As the difference in regions recognized
by the two antibodies may affect the positive rates and stain-
ing patterns, our results strongly recommend the use of
CD303 markers together. Notably, immunostaining of CD4,
CD56, CD123, and TCL1 should be considered because
these markers also detect other hematopoietic cells. To
detect the minimal BM involvement in the clot or for screen-
ing of neoplastic cells on BM smears, it is essential to con-
sider the morphology of BPDCN such as scant pale-blue
agranular cytoplasm, cytoplasmic microvacuoles, and pseu-
dopodia-like shape.*

Of the cell markers, cyclin A and B1 LIs were positively
correlated with Ki-67 LI in this study. Cyclin A (S-G2
phase) and cyclin B (M phase)* may be alternatives to Ki-67
(non-cycle-specific), and reliably evaluate the proliferation
potential of BPDCN because these markers are less suscepti-
ble to genomic abnormalities frequently associated with
genomic loss involving tumor-suppressor genes or genes
related with the GI/S transition that have been reported in
BPDCN.’ Cyclin A and cyclin B1 LIs were lower than the
Ki-67 LI with a 67% cut off,” and more countable than Ki-67 LI.

Previously, some prognostic factors of BPDCN were
reported.>*7? Age <40 years, limited infiltration into the
skin, high TdT and CD303 expression, and high MIB-1 index
(Ki-67 LI; >67%) are considered as good prognostic fac-
tors.>”? Poor prognostic factors include high marrow or
peripheral blood blastosis, low TdT and CD303 expression,
CDKN2A/CDKN2B deletions, and mutations in DNA meth-
ylation pathway genes.® Julia F, et al. suggested that patients
with a very high proliferative index have a better response to
antimitotic chemotherapy, which may prolong their survival.’
In this study, 2 younger (< 40 years of age) patients (cases 4
and 5) with TdT expression and high Ki-67 LI have survived
longer after chemotherapy and SCT (Tables 1 and 2). Of
note, ASCT after chemotherapy improves the prognosis.?
Eligible patients who achieve a complete remission after sec-
ond-line therapies are recommended to undergo ASCT.?
Recently, molecular-targeted therapy for BPDCN, the immu-
notoxin SL-401 targeting the interleukin-3 receptor alpha
(CD123), was reported to be a prospective therapy.?*?
Although no specific karyotype abnormalities were found in
BPDCN, complex chromosomal aberrations of 5q (72%),
12p (64%), 13q (64%), 6q (50%), 15q (43%), and 9 (28%)
were reported.’ Three dead patients (cases 1, 2, and 3; Table
1) had chromosomal aberrations of 1q (case 1), 6q (case 2),
9q (case 2), 11q (case 3), 17q (case 2), and 20q (case 3), and
these should be investigated as prognostic factors.

We firstly demonstrated the expression of TSLP in
BPDCN. BPDCN may proliferate via TSLP-TSLPR and
IL-7R autocrine pathways because unstimulated pDCs
expressed TSLPR and IL-7R, a receptor for TSLP."* The
TSLP-TSLPR axis activates multiple signaling transduction
pathways, including the JAK—STAT pathway and the PI-3
kinase pathway.?® Furthermore, TSLP in BPDCN cells may
also regulate Th2 polarization escaping from tumor-associ-
ated macrophages because TSLP induces Th2 response via
myeloid dendritic cells.™

In conclusion, the following three steps are necessary to
detect minimal BM involvement of BPDCN at the time of
diagnosis: (a) precise diagnosis of skin lesions for BPDCN
by immunostaining; (b) morphological examination of BM
smears, paying particular attention to scant to modest pale-
blue agranular cytoplasm, cytoplasmic microvacuoles, and
pseudopodia-like shape; and (¢) immunostaining of the BM
clot using CD4, CD56, CD123, TCL1, and CD303 (including
a polyclonal antibody) together.
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