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PU.1 is a useful nuclear marker to distinguish between histiocytosis and histiocyte-rich
tumours

Aims: The aim was to test the expression of PU.1 on
different types of histiocytoses and to test the utility
of PU.1 in confirming or excluding a histiocytic origin
in tumour samples with suspicion of histiocytosis.
Methods and Results: We analysed 66 biopsies of non-
malignant histiocytoses represented by Langerhans-cell
histiocytosis (n = 13), Erdheim–Chester disease (ECD)
(n = 19), Rosai–Dorfman disease (RDD) (n = 14),
mixed ECD-RDD (n = 3), ALK-positive histiocytosis
(n = 6), and juvenile xanthogranuloma (n = 11). All
cases were positive for PU.1 in reactive and neoplastic
histiocytes. In addition, 39 cases of tumours with high-
grade cytological atypia were referred to our center as

suspicion of malignant histiocytosis/histiocytic sarcoma
and only 18 were confirmed. Indeed, more than half of
these tumours (21/39) were either undifferentiated
malignant tumours with a stroma rich in histiocytes,
diffuse large B-cell lymphoma, or high-grade dedifferen-
tiated liposarcoma. PU.1 was useful to distinguish
between the negativity of large atypical nuclei and the
positivity of stromal reactive histiocytes.
Conclusion: PU.1 is expressed by all types of histiocyto-
sis. It distinguishes histiocytosis from histiocyte-rich
tumours with an easy interpretation due to its sharp
nuclear staining. Its negativity in lesional/tumour cells in
histiocyte-like lesions is useful to eliminate a histiocytosis.

Keywords: histiocyte-rich, histiocytosis, malignant tumours, pu.1

Introduction

The histological diagnosis of histiocytosis may be diffi-
cult.1 Among more than 2500 cases referred for

review to our center, some final diagnoses were non-
specific inflammation, dermatopathic lymphadenitis,
prurigo, scabies, mycobacterial infection, sarcoidosis,
follicular dendritic cell sarcoma, tenosynovial giant
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cell tumour, B- or T-cell lymphoma, Hodgkin’s dis-
ease, mastocytosis, or histiocyte-rich tumour of
unknown origin. It can be very difficult to identify
tumour cells, when the density of reactive histiocytes
is high within the tumour stroma.
Today, most immunohistochemical markers used

for the diagnosis of histiocytosis are cytoplasmic or
cytoplasmic/membranous (CD68, CD163, CD4, CD14,
CD31, CD1a, CD207) and cytoplasmic/nuclear
(S100).2,3 Sometimes, tumours have a stroma very
rich in histiocytes, and the interpretation of a histio-
cytic cytoplasmic marker could lead to a misdiagnosis
of histiocytosis. This misdiagnosis can be frequent in
poorly differentiated tumours with high-grade cyto-
logical atypia and negativity for most other markers.
Indeed, more than half of the malignant histiocy-
toses/histiocytic sarcomas referred to our center are
not confirmed (personal, unpublished data).
We report herein the utility of PU.1 as a purely

nuclear immunohistochemical marker for identifying
a histiocytic origin. PU.1 is expressed by macro-
phages, neutrophils, and B-lymphocytes, but it is still
not used for diagnosis in most pathology laboratories,
except in a few expert centers.4,5

Methods

Cases of referred histiocytoses or tumours with suspi-
cion of histiocytosis were retrieved from the files of
the Pathology Department of Ambroise Par�e Hospi-
tal, which is in charge of the central histological
review and molecular analyses of the French Histio-
cytosis Network and International Rare Histiocytic
Disorders Registry for Europe (NCT02285582).
Patients signed informed consent for inclusion in the
prospective cohorts Gene Histio (until 2021) or Tar-
get Histio (since 2021), aiming to correlate pheno-
type and somatic genetic alterations with clinical
data and evolution (NCT04437381). To test the
specificity, we also performed PU.1 staining on cases
of cutaneous atypical fibroxanthoma, fibrous histio-
cytoma, as well as tissue microarrays containing
samples of melanoma, colorectal adenocarcinoma,
gastrointestinal stromal tumour (GIST), glomus
tumour, leiomyoma, intestinal fibroid polyp, and
undifferentiated sarcoma. Immunohistochemistry was
performed using Bond Max with Bond Polymer
Refine Detection Leica. PU.1 (Abcam, Cambridge,
UK, EPR3158Y clone, ab76543) was performed on
all cases. Antigen retrieval was performed at 95°C
at pH 9.0 and the incubation of PU.1 was performed
at 1/150 final dilution for 15 min. For malignant

histiocytosis/histiocyte-rich malignant tumours, the
interpretation of PU.1 staining was based on discern-
ing the nuclear size and shape: large atypical nuclei
were considered lesional, while small and regular
nuclei were considered reactive histiocytes. The
nuclear B-lymphocyte marker PAX5 was performed
when needed, and reactive small B-lymphocytes
were used as a positive internal control. Molecular
tests were performed with pyrosequencing, real-time
polymerase chain reaction (PCR), next-generation
sequencing (NGS) and/or RNA sequencing as
described.6,7

Results

PU.1 was tested on a total of 66 biopsy samples of
confirmed nonmalignant histiocytoses: Langerhans-
cell histiocytosis (LCH) (n = 13), Erdheim–Chester dis-
ease (ECD) (n = 19), Rosai–Dorfman disease (RDD)
(n = 14), mixed ECD-RDD (n = 3), ALK-positive his-
tiocytosis (n = 6), and juvenile xanthogranuloma
(JXG) (n = 11). In all of these cases, PU.1 showed a
strong nuclear staining in both reactive and neoplas-
tic histiocytes (Figure 1A,B). PU.1 was also positive
on neutrophils and on B-lymphocytes. The analysed
biopsies were from various organs or tissues including
bone, skin, lung, lymph nodes, central nervous sys-
tem, peritoneum, soft tissue (orbital, muscle, chest
wall), meninges, pleura, parotid, or submandibular
gland or nasal cavity; all other cell types were nega-
tive for PU.1. Samples had no interstitial or extracel-
lular staining with PU.1.
Three cases of atypical ALK-rearranged histiocyte-

rich tumours were recently reported as difficult differ-
ential diagnosis of ALK-positive histiocytosis, and we
were referred to another case since this publication.7

Double staining using ALK and PU.1 proved to be
very useful to confirm that ALK-positive cells of these
neoplasms were not histiocytes (Figure 2A). We per-
formed PU.1 on 11 cases of cutaneous atypical fibrox-
anthoma, and in all cases lesional/tumour cells were
negative for PU.1, while surrounding reactive histio-
cytes were positive for PU.1. Two cases of angioma-
toid fibrous histiocytoma and two cases of epithelioid
fibrous histiocytoma showed a negativity for PU.1 in
lesional/tumour cells, while reactive surrounding his-
tiocytes were positive for PU.1 (Figure 2B,C). PU.1
was negative in tumour cells in 82 samples of mela-
noma, 42 samples of GIST, 36 of colorectal adenocar-
cinoma, 25 pancreatic adenocarcinoma, 11 glomus
tumours, one leiomyoma, two inflammatory fibroid
polyps, and one undifferentiated sarcoma.
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We then analysed 39 consecutive samples (lymph
node, soft tissue, central nervous system, and other
origins) referred to our center as suspicion of malig-
nant histiocytosis/histiocytic sarcoma. These cases
had high-grade cytological atypia (which was easily
spotted on the counterstaining) and a stroma rich in
histiocytes. In most cases the referring pathologists
already had performed several markers, including
those of carcinomas, melanomas, lymphomas, and

soft-tissue sarcomas, but the use of PU.1 was never
mentioned. Only 18 (46%) were confirmed as malig-
nant histiocytosis, all being positive for PU.1 in
tumour cells. In all, 13/18 MH were primary, while
5/18 were secondary to other haematological neopla-
sia (Supplementary Table S1). The remaining 21
cases were represented by diffuse large B-cell lympho-
mas (n = 2), which were positive for both PU.1 and
PAX5, high-grade dedifferentiated liposarcoma

Figure 1. (A) Skin localisation of LCH (A1, HES, 1009). Histiocytes were positive for CD207 (langerin) (A2, CD207, 1009) and PU.1 (A3,

PU.1, 1009). PU.1 also stained reactive B-lymphocytes and histiocytes. (B) Skin localisation of RDD (B1, HES, 4009). Histiocytes were posi-

tive for S100 (B2, S100, 4009) and PU.1 (B3, PU.1, 4009). PU.1 also stained reactive B-lymphocytes and histiocytes. (C) Malignant histio-

cytosis, Langerhans-cell subtype in a 54- year-old man secondary to a myelodysplastic syndrome. Large atypical cells were infiltrating the

dermis (C1, H&E, 4009) and were PAX5 negative (C2, PAX5, 2009) and PU.1 positive (C3, PU.1, 2009). Digital PCR revealed a BRAF

mutation. (D) Cervical nodule from a 88-year-old man referred to us as ‘malignant histiocytosis’. The tumour consisted of large atypical cells

with a stroma rich in inflammatory cells (D1, H&E, 4009). The original referred slide showed a diffuse staining with CD163 (D2, CD163,

2009). Neoplastic cells were PU.1 negative, while reactive histiocytes and a few B-lymphocytes were positive (D3, PU.1, 4009). A large

panel was performed (CKAE1/AE3, S100, SOX10, PAX5, etc.) and all markers were negative, the tumour being signed out as ‘undifferen-

tiated malignant tumour’.
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(n = 1) or undifferentiated malignant tumours of
unknown origin (n = 18) negative for PU.1, which
stained only the abundant reactive histiocytes within
the stroma (Figure 1). Depending on each case, a
large immunohistochemical panel was performed on
the latter 18 cases with markers of epithelial
(CKAE1/AE3, EMA), smooth muscle (SMA, desmin,
caldesmon), skeletal muscle (myogenin, myoD), mela-
nocytic (S100, SOX10, MelanA, HMB45), and lym-
phoid differentiation (PAX5, CD20, CD3, CD4, CD5,
CD30), and all were negative.

Discussion

PU.1 is a transcription factor encoded by the gene
SPI-1, playing a role in the proliferation and

differentiation of myeloid and lymphoid progeni-
tors.8,9 It is required for the development of Yolk sac-
derived macrophages.10 It was reported in 2009 as
being positive in Langerhans-cell histiocytosis, reticu-
lohistiocytomas, and xanthogranulomas and more
recently, in RDD.11,12 These authors confirmed the
specificity of this marker for histiocytosis by showing
its negativity on cutaneous lesions such as dermatofi-
broma, melanoma, Spitz nevi, and fibrous papules.
Our study extended the testing on a larger variety of
histiocytoses and we confirmed the positivity of PU.1
in all of them. We also tested it on histiocytosis-like
lesions such as atypical fibroxanthoma, epithelioid
fibrous histiocytoma, and angiomatoid fibrous histio-
cytoma, as well as histiocyte-rich neoplasms with
ALK fusion. We confirmed the negativity of tumour

Figure 2. (A) Lung tumour in an a 19-year-old female with a stroma rich in histiocytes. Cells were mononucleated with spindle and monot-

onous morphology (A1, HES, 4009), with ALK expression (A2, ALK 1A4, 4009). Double immunohistochemistry with red nuclear staining

for PU.1 and brown cytoplasmic staining for ALK highlights the PU.1+ ALK- reactive histiocytes and neoplastic PU.1– ALK+ cells (A3,

PU.1-ALK, 4009). RNA sequencing revealed an EML4-ALK fusion. (B) Epithelioid fibrous histiocytoma in a 36-year-old woman. Low-power

view of dermal proliferation with storiform pattern (B1, H&E, 1009). Neoplastic spindle cells showed non atypical nuclei and were associated

with inflammatory cells (B2, H&E, 4009). Neoplastic cells were negative for PU.1 (arrows) (B3, PU.1, 4009). RNA sequencing revealed a

VCL-ALK rearrangement. (C) Angiomatoid fibrous histiocytoma in an 8-year-old girl. Typical deep soft tissue localisation of a well-

circumscribed nodule (C1, H&E, 409) formed of short fascicles of epithelioid to spindle histiocytoid cells (C2, H&E, 4009). Neoplastic cells

were PU.1 negative (arrows) (C3, PU.1, 4009). RNA sequencing revealed an EWSR-CREB1 fusion.
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cells for PU.1 in histiocytosis-like lesions, while reac-
tive histiocytes were positive. This staining should be
carefully interpreted in nonmalignant lesions mimick-
ing histiocytosis, as it is challenging to distinguish
between lesional cell nuclei and reactive cell nuclei,
which are both about the same size. However,
tumour/lesional cell nuclei are slightly larger (see
Figure 2B,C). The amount of stained nuclei is also
important: generally the majority of nuclei that make
up the lesion are considered lesional cell nuclei and,
as illustrated in Figure 2B,C, the majority of the
nuclei were not stained, which was interpreted that
the tumour cells were negative for PU.1. Counter-
staining should be strong enough for a better visuali-
sation of negative nuclei. Sometimes, a slight
cytoplasmic PU.1 staining is noticed in positive cells,
but in our experience, it is a background noise and it
should not be taken into account. Double staining
might be useful to distinguish between PU.1+ ALK–
reactive histiocytes and PU.1- ALK+ neoplastic cells.
In the case presented in Figure 2A, some PU.1+ his-
tiocytes were also positive for ALK, which might be
explained by the fact that reactive histiocytes were
able to phagocyte proteins produced by tumour cells.
This scenario might be challenging to interpret.
Concerning malignant tumours, more than half of

the consecutive cases referred to our center as suspi-
cion of malignant histiocytosis/histiocytic sarcoma
were not confirmed and corresponded to histiocytes-
rich undifferentiated malignant tumours. In some
cases, the irregular staining with cytoplasmic markers
(CD163, CD68) or weak counterstaining of atypical
nuclei were pitfalls in mistaking malignant cells for
histiocytes (see Figure 1D2). PU.1, which was never
performed by the initial pathologists, happened to be
helpful for these diagnoses, revealing negative atypi-
cal nuclei of tumour cells surrounded by positive
nuclei of the reactive histiocytes. Malignant histiocy-
tosis (MH) is a difficult diagnosis, since there is no
specific diagnostic criteria yet. In histiocytosis, the
malignancy is established based on high-grade cyto-
logical atypia with high mitotic activity in correlation
with an aggressive clinical course. MH can occur
either primarily or secondary to other haematological
neoplasia and it should be distinguished from myeloid
sarcoma.2 Since MH is a tumour with poorly-
differentiated histology, some other tumours with
high-grade atypia (undifferentiated carcinomas or sar-
comas, large cell lymphomas, etc.) exhibiting a
stroma rich in histiocytes are mistaken for MH. It is
important to correctly diagnose an MH since it
requires a particular therapeutic management and
sometimes immediate treatment.13–16

To our knowledge, PU.1 is the only exclusively
nuclear marker that can be used to identify a histio-
cytic origin. OCT2 is another nuclear marker, which
is expressed in B-lymphocytes, in B-cell lymphomas,
and in some anaplastic large cell lymphomas,17 was
also reported to be positive in some histiocytoses.
However, the staining is sometimes of low intensity
and its expression is mainly limited to RDD cases,
although some other types of histiocytosis and some
histiocytic sarcomas can also be positive.18–20 On all
our samples, the staining with PU.1 of tumour cells
was either strong or completely absent (depending on
the diagnosis), without cases of intermediate/weak
staining, even on slides cut several weeks earlier (not
shown). As PU.1 is also a B-lymphocyte marker,
some cases required to stain another slide with PAX5
to exclude a B-cell proliferation. As reported in the lit-
erature, PU.1 is expressed in most B-cell lymphomas
and it is specifically negative in anaplastic large cell
lymphomas (Supplementary Table S2).
PU.1 is widely expressed by all types of histiocyto-

sis. It is an important marker extremely useful to dis-
tinguish histiocytosis from histiocyte-rich tumours
with an easy interpretation due to its sharp nuclear
staining. Its negativity in histiocyte-like lesions is use-
ful to eliminate a histiocytosis. However, careful
attention should be paid when interpreting the stain-
ing, since, especially in nonmalignant histiocyte-like
lesions, lesional cell nuclei and reactive cell nuclei
have almost the same size. In order to distinguish
between the two on the counterstaining, a global
careful examination of the whole lesion should be
done before interpreting the staining. PU.1 should be
used in conjunction with an appropriate panel of
other antibodies, depending on each case, since it is
also a B-cell transcription factor.
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