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ABSTRACT

Acute myeloid leukemia carrying cytoplasmic mutated
nucleophosmin (NPMc* AML) and blastic plasmacytoid
dendritic cell neoplasm have been included as new entities
in the 4" edition (2008) WHO classification of myeloid
neoplasms. These conditions may show clinical and
pathological overlapping features (leukemic and skin
involvement, and expression of macrophage markers). In
this study, we provide evidence that aberrant cytoplasmic
dislocation of nucleophosmin — the immunohistochemical
surrogate for NP1 mutations — allows the two entities to
be genetically separated. In fact, nucleophosmin is consis-
tently cytoplasmic in NPMc* AML (because of the pres-
ence of NPM1 mutations), whilst it is nucleus-restricted
(predictive of a germline NPAI1 gene) in blastic plasmacy-
toid dendritic cell neoplasm. Our results clearly point to
cytoplasmic nucleophosmin (a full predictor of NPA1

mutations) as a new marker for distinguishing NPMc*
AML and blastic plasmacytoid dendritic cell neoplasm, fur-
ther clarify the cell of origin of NPMc* AML, and justify the
inclusion of these pathological conditions as separate enti-
ties in the new WHO classification.
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Introduction

Acute myeloid leukemia (AML) carrying cytoplasmic
mutated nucleophosmin (NPMc" AML)! accounts for about
one-third of adult de novo AML and has distinctive biological
and clinical features.” For these reasons, it has been included
as a new provisional entity (named AML with mutated NPM1)
in the new WHO classification of myeloid neoplasms.

Among the most compelling evidence that AML with
mutated NPA 1 represents an entity is that NPAI1 mutation
— or its immunohistochemical surrogate, cytoplasmic nucle-
ophosmin® — is specific for AML® (usually of de novo origin), is
very stable during the course of the disease,” is mutually
exclusive of AML carrying recurrent genetic abnormalities®
and associates with distinct gene expression’ and microRNA
profiles.” However, no investigation has, as yet, been carried
out into the relationship between NPMc* AML and the blas-
tic plasmacytoid dendritic cell (BPDC) neoplasm" (previous-

ly known as blastic NK-cell lymphoma or agranular
CD4+/CD56" hematodermic neoplasm), that has been also
introduced as a distinct entity in the new WHO classifica-
tion."

Distinction between these two pathological conditions is
important since they may share some clinical and pathologi-
cal features (e.g. high frequency of cutaneous and leukemic
dissemination, expression of the macrophage-restricted
CD68 molecule and CD34-negativity)." On the other hand,
since BPDC is generally associated with genetic abnormali-
ties and dismal clinical evolution, the study of nucleophos-
min status in BPDC could be of interest in the process of des-
ignation of AML with mutated NPA1 as a distinct clinico-
pathological entity.

In this study, we provide evidence that the immunohisto-
chemical study of subcellular distribution of nucleophosmin
allows the two entities to be genetically separated. In fact,
nucleophosmin is cytoplasmic in NPMc" AML (because of
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the presence of NP1 mutations) but nucleus-restrict-
ed in BPDC neoplasm (because of a germline NP1
gene). Our results, have important diagnostic implica-

Table 1. Phenotypic features of 13 BPDC neoplasms.

tions, further clarify the cell of origin of NPMc* AML, ! T3/F* SBlI(riln, Lo, + + + + + — Nuclear
and justify the inclusion of AML with rputgted NPM1 6YM*  SkinBm + 4 n + 4+ — Nuclear
and BPDC neoplasm as separate entities in the new 3 OM* S Nucl
WHO classification. n o * v+ fudear
4 60/M*  Skin + + + + +  — Nuclear
5 63M  Skin, Bm, — + + na + —  Nuclear
Design and Methods Ln
6 7I/M  Skin,Bm + + + na ad — Nuclear
Pathological samples 7 67M  Skin + o+ + na  + — Nuclear
The aim of this study was to investigate the presence 8 61M  Bm - £ m + + — Nuclear
of NPV 1 mutations in a wide spectrum of PDC prolif- ¢ 0F  Skin + 4+ 4+  — %+ na Nuclear
erations. The fol'lowing pathological samples were |, SM  Skin o n + + na Nuclear
studied: n=13 typical BPDC neoplasms, whose pheno- T M B d Nucl
typic features are summarized in Table 1; reactive m -t e oo 7 fude
lymph nodes (n=16), myelodysplastic syndromes 12 3M_ Bm ma  + _ad £ + - Nuclear
(n=14), AML (n=9) and myeloid sarcoma (n=5) harbor- 13 48M  Skin + o+ + na na na Nuclear

ing nodules of mature PDCs. Since no fresh material for
molecular analysis was available from these cases, we
used immunohistochemistry to detect aberrant cyto-

The cases (1-4) indicated with the asterix were also tested for the new PDC marker CD2AP*
and all of them were positive. CLA: cutaneous lymphocyte-associated antigen (recognized by
mAb HECA-452); na: not available; ad: antigenic denaturation; Bm: bone marrow;, Ln: lymph
nodes.
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plasmic expression of nucleophosmin that is known to
be fully predictive of NPA1 mutations.’

Immunohistochemical studies

Paraffin sections from all pathological samples were
subjected to antigen retrieval and stained with antibod-
ies directed against fixative-resistant epitopes of the
protein nucleophosmin' and various PDC-associated
markers. Nucleophosmin was detected using the mon-
oclonal antibody (mAb) anti-NPM (clone 376)'; PDCs
were identified using mAbs anti-CD4 (clone OPD4;
DakoCytomation), anti-CD56 (clone 1B6;
NovoCastra), anti-CD123 (clone 7G3; BD Pharmingen),
anti-TCL1 (clone TCL1A; Upstate), and anti-CLA
(clone HECA-452; BD Pharmingen). Four cases were
immunostained with an antibody directed against the
new PDC marker CD2AP (kindly provided by Dr.
Teresa Marafioti, University of Oxford). All samples
were also investigated for expression of C23/nucleolin
(mAb anti-C23, clone MS-3; Santa Cruz Bio-
technology), the CD34 (mAb antibody anti-CD34,
clone Qbend/10; DakoCytomation) and CD68 macro-
phage-restricted molecule (mAb PG-M1 generated in B.
Falini’s laboratory).

The antibody-antigen reaction was revealed by
immunoalkaline phosphatase (APAAP) or immunoper-
oxidase, according to standard procedures.'

Results and Discussion

All 13 BPDC neoplasms expressed three or more of the
PDC-associated molecules CD4, CD56, CLA, CD123,
TCL1 (Table 1; Figures 1 and 2), including the recently
described PDC marker CD2AP" that was investigated in
4 cases (data not shown); all 10 samples investigated were
CD34-negative (Table 1). Notably, tumor cells from all
specimens showed nucleus-restricted expression of
nucleophosmin (Figures 1 and 2) that was the same as
C23/nucleolin and was fully predictive of NPM1 gene in

a germline configuration. Interestingly, the nucleus-
restricted positivity for nucleophosmin was also
observed in paraffin sections from bone marrow biopsies
of 14 patients with leukemias of ambiguous lineage
(Online Supplementary Figure 15) as defined by WHO, i.e.
pathological conditions which share some but not all
immunophenotypic features of BPDC neoplasm." The
nucleophosmin staining pattern in BPDC neoplasm and
leukemias of ambiguous lineages clearly differed from
the aberrant cytoplasmic NPM positivity found in 10
cases of AML with mutated NP1 (data not shown) that
were used as controls for the immunohistochemical pro-
cedures.

Similarly to tumor cells of BPDC neoplasm, nodules of
mature PDCs in reactive lymph nodes (n=16), myelodys-
plastic syndromes (n=14), AML (n=9) and myeloid sarco-
ma (n=5) showed nucleus-restricted positivity for NPM
(data not shown). Interestingly, a variable percentage of
mature PDCs was negative for nucleophosmin, which is
consistent with previous findings that NPM1 is down-
regulated during differentiation (e.g. NPM protein levels
are much lower in normoblasts or neutrophils than in the
more immature erythroid or myeloid precursors).”

Our immunohistological results clearly indicate that
cytoplasmic expression of nucleophosmin (the surrogate
marker for NPA1 mutation)’ is mutually exclusive of
BPDC neoplasm and other PDC proliferations. These
findings concur with reports that 10-20% of BPDC neo-
plasms are associated with, or develop into AML, which
can evolve from underlying myelodysplasia," and that
PDC nodules are not infrequently present in myelodys-
plastic syndromes. NPA1 mutation, on the contrary,
appears to be characteristic of de novo AML” and mutual-
ly exclusive of myelodysplastic syndromes."
Cytogenetically, the two conditions are also quite differ-
ent. Most cases of NPMc* AML are associated with nor-
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Figure 1. Expression pattern of nucleophosmin (NPM) in BPDC
neoplasm (skin involvement). (A) Dense dermal infiltrate by
immature tumor cells, not involving the epidermis (skin biopsy;
hematoxylin-eosin; X200; inset, xX500). (B-E) Leukemic cells
express the classical BPDC neoplasm phenotype, that includes
CD4, CD56, CD123, and TCL1. (F) Leukemic cells show a nucleus-
restricted positivity for nucleophosmin, which is indicative of wild-
type NPM1 gene. (B-F): paraffin sections from skin biopsy immu-
nostained with anti-CD4, anti-CD56, anti-CD123, anti-TCL1 and
anti-nucleophosmin (monoclonal antibody, clone 376). Immuno-
peroxidase procedure, hematoxylin counterstain; x 800.

mal karyotype,' while about two-thirds of BPDC neo-
plasms have an abnormal karyotype," which is usually
characterized by complex, albeit not specific, chromo-
some aberrations. Mutual exclusion of NP1 mutation
and BPDC neoplasm may reflect not only different under-
lying genetic backgrounds but also diverse cells of origin.
BPDC is thought to derive from the precursors of plasma-
cytoid dendritic cells, a specialized subset of dendritic
cells that are also known as professional type-1 interferon
producing cells or plasmacytoid monocytes.”” A multilin-
eage potential in some cases of BPDC neoplasm is sug-
gested by immunophenotypic heterogeneity with regards
to TdT, association with myeloid disorders and expres-
sion of lymphoid markers (such as CD2, CD5 and, more
rarely, CD3)."" Although multilineage involvement is also
a feature of NPMc* AML, " it is restricted to the compart-
ment of myeloid cells since NPV 1 mutations do not tar-
get lymphoid cells.” Our results suggest that NPAM1
mutations may also spare the yet poorly understood
pathways leading to PDC generation in bone marrow."
The results presented herein also have implications in the
differential diagnosis between BPDC neoplasm and

Figure 2. Expression pattern of nucleophosmin (NPM) in BPDC
neoplasm (bone marrow involvement). (A) Diffuse marrow infiltra-
tion by blast cells. A residual megakaryocyte is present (bone
marrow biopsy; hematoxylin-eosin; x800). (B) Leukemic cells
express the macrophage-restricted form of the CD68 antigen with
a dot-like pattern; the arrow indicates a histiocyte. (C) Most
leukemic cells are strongly positive for the CD123 molecule. (D)
Leukemic cells show a nucleus-restricted positivity for nucleo-
phosmin which is indicative of wild-type NPM1 gene. A mitotic fig-
ure (arrow) shows the expected nucleophosmin cytoplasmic posi-
tivity. (B-D) Paraffin sections from bone marrow trephines
immunostained with monoclonal antibodies against CD68 (PG-
M1), CD123, and nucleophosmin (clone 376). (B) and (D),
immunophosphatase alkaline (APAAP) technique; hematoxylin
counterstain; x800; (C): immunoperoxidase procedure hema-
toxylin counterstain; x800.

myelomonocytic (M4) or monoblastic/monocytic (M5)
leukemia.” This may represent a major diagnostic dilem-
ma, because all these pathological conditions, in addition
to bone marrow infiltration, may show skin or lymph
node involvement, negativity for CD34 and expression of
the macrophage-restricted CD68 molecule. Immuno-
histochemical detection in paraffin sections of several
PDC-associated molecules, including CD123 (interleukin-
3 a-chain receptor), TCL1, CD2AE"” CD56 and CD4 is a
valid diagnostic assay. However, none of these markers is
specific for BPDC neoplasm, as AML cells may express
TCL1, or CD123, as well as CD56, associated or not with
CD4. Immunostaining for nucleophosmin can be of help
in distinguishing AML or myeloid sarcoma with mutated
NPM1, especially the subset with MPO/CD4'/CD56*
phenotype, which is characterized by aberrant cytoplas-
mic NPM,” from the BPDC neoplasm which shows
nucleus-restricted NPM positivity. The distinction
between BPDC neoplasm and NPMc* AML is clinically
relevant since BPDC is usually very aggressive," with a
median survival of 12-14 months, whilst NPMc* AML, in
the absence of a concomitant internal tandem duplication
of FLT3 (FLT3-ITD), has a favorable prognosis.” In conclu-
sion, our results point to subcellular nucleophosmin
expression as another marker to be added to the battery
of morphological, immunohistochemical and cytogenetic
studies which are required in the differential diagnosis
between BPDC neoplasm and AML. Anti-NPM immuno-
histochemistry appears to be particularly useful since,
given the rarity of BPDC neoplasm and the small size of
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skin biopsies (the most frequently involved site), fresh
material for cytogenetic and molecular studies more often

F. Facchetti et al.

is not available. Moreover, our results provide additional

information on the NPMc* AML cell of origin and justify
the inclusion of AML with mutated NPAM1 and BPDC
neoplasm as separate entities in the new WHO classifica-
tion of myeloid neoplasms.
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