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Abstract
Diagnosis of histiocytosis can be difficult and one of the biggest challenges is to distinguish between reactive and neoplastic 
histiocytes on histology alone. Recently, OCT2 nuclear expression was reported in Rosai-Dorfman disease (RDD). Our 
purpose was to expand the testing of OCT2 on a broader variety of sporadic or H syndrome-related histiocytoses. Cases of 
histiocytoses were retrieved from the files of Ambroise Paré Pathology Department. All slides and molecular analyses were 
reviewed, and staining was completed with immunohistochemistry for OCT2. A total of 156 samples from different localiza-
tions were tested. Among sporadic cases, 52 patients had RDD, and 10 patients had mixed histiocytosis combining RDD with 
Erdheim Chester disease (ECD, n = 8), Langerhans cell histiocytosis (LCH, n = 2) or juvenile xanthogranuloma (JXG, n = 1). 
All these patients were positive for OCT2 in RDD characteristic histiocytes. Twenty-three patients had ECD and all but two 
(91% − 21/23) were negative for OCT2. By contrast, OCT2 was positive in 11/27 (41%) LCH and 6/16 (38%) JXG. Among 
the 10 samples of H syndrome-associated histiocytosis, 3 had typical RDD histology, 6 had unclassified histiocytosis, and 
one had mixed RDD-LCH; all were positive for OCT2. On 16 samples of granulomatous lymphadenitis, OCT2 was negative 
in epithelioid histiocytes. Our study shows that OCT2 has a sensitivity of 100% for RDD cases and mixed histiocytoses with 
an RDD component. It is negative in 92% of ECD but expressed in at least 38% of LCH, JXG, and C group histiocytoses. 
Finally, OCT2 is positive in all H syndrome-related histiocytoses, independent of their histology.
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Introduction

Histiocytoses are characterized by tissue infiltration by cells 
of macrophage or dendritic cell lineages. They include sev-
eral diseases, the most frequent of which being Langerhans-
cell histiocytosis (LCH), Erdheim-Chester disease (ECD), 

Rosai-Dorfman-Destombes disease (RDD), and juvenile 
xanthogranuloma (JXG) [1]. Most of histiocytoses are con-
sidered as neoplasms, because they harbor somatic clonal 
alterations of an oncogene activating the MAP-kinase path-
way [2]. Diagnosis is based on histological and molecular 
examination of biopsy samples correlated with clinical 
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and radiological features. Immunohistochemistry plays an 
important role in the diagnosis of histiocytosis, and the most 
frequently used immunomarkers (CD163, CD68, CD1a, 
CD207, and S100) do not to distinguish between reactive 
and neoplastic histiocytes. Similarly, it is sometimes difficult 
to distinguish between different components within the same 
sample in cases of mixed histiocytosis.

The large majority of histiocytoses are sporadic, but a few 
cases are associated with H syndrome. H syndrome is an 
inherited condition due to mutation within SLC29A3 gene, 
with frequent occurrence of a spectrum of clinical symp-
toms, namely hyperpigmentation, hypertrichosis, hearing 
loss, hepatosplenomegaly, heart anomalies, hypogonadism, 
low height, hallux valgus, and hyperglycemia associated 
with insulin-dependent diabetes [3].

OCT2 is a nuclear marker originally identified as a B-cell 
marker. It is a transcription factor expressed in all stages of 
B cell development from B precursor cells to plasma cells 
[4]. Its role is important in immunoglobulin promoter trans-
activation and OCT2 is involved in the proliferation and dif-
ferentiation of B cells. Besides B cell, it has been described 
also in neuronal cells [5]. Recently, the expression of OCT2 
has also been described in histiocytoses, particularly in RDD 
[6, 7]. However, the expression of this marker is not limited 
to RDD. Indeed, in the original study, it was also expressed 
in a minority of LCH, and we recently showed its expression 
in some cases of ALK-positive histiocytosis [6–8]. Similarly, 
it was also described as positive in rare cases of histiocytic 
sarcomas [9].

Our aim was to determine the specificity and the sensitiv-
ity of OCT2 in RDD by expanding its testing on a broader 
variety of histiocytoses, including mixed histiocytoses and 
histiocytoses associated with H syndrome.

Materials and methods

Cases were retrieved from the files of the Pathology Labora-
tory of Ambroise-Paré Hospital, which is in charge of the 
central histological review and molecular analyses of the 
French Histiocytosis Network. Patients signed informed con-
sent for inclusion in prospective cohorts Gene Histio (until 
2021) or Target Histio (since 2021), aiming to correlate phe-
notype and somatic genetic alterations with clinical data and 
evolution (NCT04437381). Clinical data were obtained from 
the databases of the corresponding studies. The diagnosis 
of different types of histiocytosis was established, based on 
the international criteria for the diagnosis of histiocytosis 
[10]. Diagnosis of H syndrome was based on the detection 
of symptoms of the spectrum and confirmed in all cases 
by detection of biallelic SLC29A3 mutations after informed 
consent of patients for genetic analysis and counseling [11].

Only patients with available adequate FFPE (formalin-
fixed and paraffin-embedded) blocks were included. For all 
cases, hematoxylin & eosin (H&E) and immunohistochemis-
try (IHC) slides were reviewed, as well as molecular results. 
Depending on each case, IHC with different histiocyte mark-
ers was performed: CD163 (10D6, Leica), phosphoERK 
(ERK 1/2, Ozyme, 4370S), S100 (polyclonal, Dako), CD1a 
(O10, Dako, Glostrup, Denmark), CD207 (Novocastra, 
monoclonal antibody), and ALK (1A4). OCT2 (ABCAM, 
Ab178679) was performed on all cases. In cases of suspicion 
of B cell lymphoma, PAX5 (Dako) was performed. We also 
tested OCT2 on needle biopsies or surgical samples of gran-
ulomatous lymphadenitis. Immunohistochemistry was per-
formed using Bond Max (Leica Biosystem, Newcastle, UK) 
with BOND Polymer Refine Detection Leica. FFPE sections 
were deparaffinized with BOND Dewax solution. Antigen 
retrieval was performed with citrate buffer retrieval solution 
at 95 °C, followed by 10 cycles of washing in BOND WASH 
solution. Tissue sections were then treated with 3% hydrogen 
peroxide, then incubated for monoclonal antibodies to OCT2 
(ABCAM, Ab178679) at a 1/100 dilution for 15 min. For the 
detection of bound primary antibodies, a polymer detection 
kit with diaminobenzidine (DAB) chromogen was used.

For the interpretation of OCT2, reactive B lymphocytes 
served as internal positive control. The expression of OCT2 
was interpreted separately by two pathologists (IAU and 
JFE) and difficult cases were reviewed together. The inten-
sity of staining of histiocytes (weak/strong) was compared 
to reactive small lymphocytes of the same section.

Concerning molecular tests, the detection of somatic 
mutations was performed on DNA or RNA extracted from 
areas infiltrated with the highest percentage of histio-
cytes. The BRAFV600E mutation was detected by real-time 
PCR, pyrosequencing, or/and digital PCR. Cases without 
a BRAFV600E mutation were screened for other mutations 
in genes of the MAP kinase signaling pathway by targeted 
next-generation sequencing (NGS) as previously described 
(see Supplementary Fig. 1) [8, 12, 13].

Results

A total number of 156 samples (from 153 patients) of dif-
ferent types of histiocytoses were analyzed. The median 
age at the time of diagnosis was 41 years old (ranging 
between 2 days and 84 years old). The female/male ratio 
was 1:1.9. Nine of these patients had an H syndrome-related 
histiocytosis.

Sporadic histiocytoses

Samples of 52 patients with RDD were analyzed. Biopsies 
were from various tissues or organs, the most frequent of 
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which were skin (n = 14), lymph node (n = 14), soft tissue 
and subcutis (n = 5), and bone (n = 4). Characteristic cells 
were large histiocytes with large nucleus and nucleoli, and 
abundant cytoplasm with emperipolesis. S100 was positive 
in 50 cases and, in the other two cases, it was either nega-
tive or positive only in a minority of histiocytes. In all cases 
characteristic RDD cells showed a nuclear positivity with 
OCT2 (Fig. 1). These cells were easy to distinguish from 
reactive B lymphocytes based on their morphology (Fig. 2). 
The positivity was strong in all but one case.

Eight samples of mixed histiocytosis combined a com-
ponent of typical RDD histology, with another component 
corresponding to ECD (n = 5), LCH (n = 2), or JXG (n = 1). 
Samples with mixed ECD-RDD were perirenal, bone, and 
parotid gland biopsies. One patient had two biopsies: skin 
and nasal cavity. Female:male ratio was 1:6. In all cases 
of mixed ECD-RDD histiocytosis with double components 
on biopsy samples (5/5), OCT2 was strongly positive in 
the RDD component and negative in the ECD component 
(Fig. 2). One of these cases was S100- in both components. 
Three other cases had a clinical presentation of ECD (peri-
renal and periaortic infiltration, and pleural and pericardial 
effusion) with a RDD morphology on the perirenal, pleural, 
or testicular biopsy sample. In these cases, OCT2 was posi-
tive. Mixed ECD-RDD cases harbored MAP2K1 (n = 2) or 
KRAS (n = 2) mutations. In other cases, either there was no 
mutation detected, or no molecular test was performed. The 
two cases of mixed RDD-LCH (lymph nodes), and the case 
of RDD-JXG (skin) showed a strong positivity of OCT2 in 
the RDD component.

Biopsies of the 23 patients with ECD were from various 
tissues or organs, the most frequent including perirenal and 
retroperitoneal (n = 7), skin (n = 5), bone (n = 3), mesentery 

and peritoneum (n = 3), pleura (n = 3) samples. One of these 
ECD patients also had skin LCH involvement which was 
OCT2 + . One patient had two biopsies: bone and perire-
nal. Histiocytes were negative for OCT2 in all cases, except 
the mixed ECD-LCH and another case with peritoneal 
biopsy, which showed a weak and heterogeneous expres-
sion of OCT2. In this latter case, a mutation of MAP2K1 
was detected (see Supplementary table).

Biopsies in 27 patients with LCH were mostly from 
bone (n = 16) and skin (n = 7) lesions. 40% (11/27) of cases 
showed immunoreactivity for OCT2, either strong (4/11) 
or weak and heterogenous (7/11) (Figs. 1 and 2). Intraepi-
dermal dendritic cells on skin samples were negative for 
OCT2. The four cases with strong positivity for OCT2 har-
bored the following mutations: BRAF c.1799 T > A (n = 2), 
BRAF c.1458_1472del (n = 1), and MAP2K1 c.171G > C 
(n = 1) (see Supplementary table). The seven cases with 
weak positivity for OCT2 were mutated as follows: 
BRAF c.1799 T > A (n = 4), BRAF c.1511_1517 + 2dup 
(n = 1), MAP2K1 c.173_187del (n = 1), and one case 
did not show any mutation on NGS. The 14 cases nega-
tive for OCT2 showed the following molecular results: 
6 cases with BRAF c.1799  T > A, 3 cases with other 
BRAF mutations (c.1455_1469del, c.1457_1471del, and 
c.1457_1477delinsCAC​CGT​), three cases MAP2K1 mutated 
(c.159_176del, c.306_311del, and c.313_318del) and two 
cases wild type but tested only for BRAF V600E with digital 
PCR.

The remaining cases of L group histiocytosis (n = 6) 
were mostly represented by skin (n = 2) biopsies in patients 
where neither histology nor clinic/radiology allowed to 
classify them as LCH or ECD. 5/6 cases showed a strong 
positivity for OCT2 and 3 out of these 5 cases exhibited a 

Fig. 1   Expression of OCT2 
in sporadic and H syndrome-
related histiocytoses. RDD, 
Rosai-Dorfman disease; ECD, 
Erdheim-Chester disease; JXG, 
juvenile xanthogranuloma; 
LCH, Langerhans-cell histiocy-
tosis. *8 samples corresponded 
to double components on the 
same biopsy sample, while 3 
samples were patients with only 
RDD histology, but ECD clini-
cal manifestation. **including 
one case of mixed ECD-LCH
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MAP2K1 mutation on NGS, while two were BRAF mutated. 
The OCT2-negative case harbored both BRAF and KRAS 
mutation.

Biopsies of JXG were skin and soft tissue samples (n = 16). 
JXG were positive for OCT2 in 38% (6/16) of cases (1/6 
with strong positive staining, 5/6 with weak and heteroge-
neous staining) (Figs. 1 and 2). Molecular findings in these 
cases were as follows: 2/6 cases OCT2 + were BRAF mutated 
(c.1799 T > A and c.1780G > A), while 3/6 did not show any 
mutation on NGS or RNA sequencing. In one case, the RNA 
quantity was insufficient. Cases which were OCT2- showed 
the following molecular results: five cases were non-mutated 

with NGS or RNA sequencing, two cases had NTRK fusions, 
and one case was KRAS mutated (c.35G > C). In two cases no 
molecular test was performed.

Three cases of reticulohistiocytosis, one case of hereditary 
progressive mucinous histiocytosis, one case of progressive 
nodular histiocytosis, and 3 cases of C-group NOS histiocyto-
sis were tested for OCT2. It was positive in reticulohistiocytosis 
(3/3), but negative in progressive nodular histiocytosis (n = 1) 
and hereditary progressive mucinous histiocytosis (n = 1). OCT2 
was negative in 2/3 cases of C group NOS histiocytosis.

Two cases of histiocytosis NOS were included in the 
study (one bone, one skin biopsy). Histological features did 

Fig. 2   A1 Cutaneous localization of Rosai-Dorfman disease with 
emperipolesis lesions in mononucleated or binucleated histiocytes 
with vesicular nuclei (HES, 400x). A2 Histiocytes are OCT2 + with 
a strong staining (OCT2, 400x) and S100 partially negative (inset—
S100, 400x). B1 Cutaneous localization of RDD with classic 
emperipolesis lesions (HES, 400x). B2 Neoplastic histiocytes are 
OCT2 + with nuclei bigger than the small B lymphocytes in the back-
ground (OCT2, 400x). C1 Biopsy sample from parotid gland, mixed 
ECD-RDD. At the left there is the ECD component with foamy his-
tiocytes; at the right, there is the RDD component (HES, 200x). C2 

ECD component at the left is OCT2-, while the RDD histiocytes were 
OCT2 + (OCT2, 200x). D1 Peritoneal localization of xanthogranu-
loma with Touton giant cells (HES, 200x). D2 OCT2 is strongly 
positive in neoplastic histiocytes and in giant cells (OCT2, 200x). 
E1 Skin localization of LCH with histiocytes with irregular nuclei 
with prominent nuclear grooves (HES, 400x) (E2) Histiocytes are 
OCT2 + (OCT2, 400x). F1 Atypical histiocytic infiltration in the skin 
of a patient with H syndrome with proven SLC29A3 mutation (HES, 
400x). F2 Histiocytes were OCT2 + (OCT2, 400x)
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not allow to categorize the cases into one specific group, but 
the clinical presentation allowed the diagnosis of histiocy-
tosis, although DNA and RNA histiocytosis-dedicated NGS 
did not reveal any mutation. One case was OCT2- and the 
other one was OCT2 + .

H syndrome‑related histiocytosis

Among the 9 patients with H syndrome-related histiocytosis, 
4 had typical RDD histology (parotid gland, nasal, and lymph 
node samples), one of which exhibited an LCH additional com-
ponent. By contrast, the 5 other patients had biopsies with his-
tiocyte infiltration, whose histology was not suggestive of RDD. 
Samples of these latter cases were from the skin (n = 4), soft 
tissue (n = 1), and pleura (n = 1) and had a diffuse low-density 
infiltration with normal-sized mononucleated histiocytes with-
out emperipolesis and were thus considered as unclassified 
histiocytosis. One of these patients had two different biopsies 
(pleura and skin). All the 10 analyzed samples were positive for 
OCT2 (Fig. 2). The patient with mixed RDD-LCH showed a 
positivity of OCT2 in the RDD component and a negativity of 
OCT2 in the LCH component.

Granulomatous lymphadenitis

On the 16 cases of granulomatous lymphadenitis, epithe-
lioid histiocytes of granulomas were OCT2-, while the B 
lymphocytes serving as internal control were positive (see 
Supplementary Fig. 2).

Discussion

RDD is defined by histology, with infiltration of large histio-
cytes with large clear nucleus centered by a large nucleolus, 
with abundant cytoplasm and frequent emperipolesis [1, 10]. 
Frequently, neoplastic histiocytes are in minority and they can 
be masked by an abundant background infiltration contain-
ing reactive histiocytes as well as numerous lymphocytes and 
plasma cells. Emperipolesis can also be sometimes difficult to 
spot. Thus, patients without lymph node involvement frequently 
undergo multiple biopsies before RDD diagnosis is achieved. 
Neoplastic histiocytes in RDD are CD163 + and S100 + . S100 
must show both a nuclear and cytoplasmic staining in order 
to be considered positive in neoplastic histiocytes. However, 
sometimes, the interpretation of both CD163 and S100 can 
be difficult due to a cytoplasmic uneven staining. The sharp 
nuclear staining of OCT2 exclusively in neoplastic histiocytes is 
easier to interpret and it proved to be extremely useful to make a 
diagnosis of RDD. It is also of major interest to achieve defini-
tive diagnosis of RDD of the rare S100 negative cases (Fig. 2).

H syndrome is an inherited condition caused by biallelic 
mutations in SLC29A3 gene, leading to various child-onset 

abnormalities, including deformities, auto-inflammatory 
disorders, and histiocytosis. There are overlapping features 
between H syndrome and familial Rosai-Dorfman disease, 
and histopathological analysis in skin lesions in H syndrome 
may show similar features with Rosai-Dorfman disease [14, 
15]. Histiocytosis in H syndrome mainly affects the skin but 
it can involve other tissues such as nasal cavities. Some of the 
biopsies can also show other features combining variable pro-
portion of fibrosis and small histiocytes that do not have the 
aspect of RDD [16]. We show in the present study that these 
atypical histiocyte infiltrations also express OCT2 (Fig. 2).

In pure Erdheim-Chester disease, OCT2 appeared to be 
negative in 91% of cases. Some patients with typical ECD, also 
have lesions with RDD histology. These cases are frequently 
males and harbor a MAP2K1 mutation [17]. In these cases, 
OCT2 can be positive. In all the mixed ECD-RDD cases that 
we tested, the RDD component was positive for OCT2.

The exact reason why OCT2 is expressed in both 
monocyte-macrophage and B-cell lineage is unknown. It 
was originally named by its ability of binding an octamer 
sequence in the promoter and enhancer region of the 
immunoglobulin gene [18]. OCT2 mRNA is transcripted 
from one single gene. Then, through a process of alter-
native splicing, the mRNA is able to generate multiple 
different protein variants, some with activating function 
and others with inhibitory function on transcription. It has 
been proven that in B lymphocytes, the OCT2 isoform 
(OCT2.1) has an activating effect on transcription due to 
a possession of C-terminal domain. On the other hand, in 
neuronal cells, the OCT2 isoforms (OCT2.4, OCT2.5) lack 
the C-terminal domain which has an inhibitory effect on 
transcription [19, 20]. Unfortunately, there is no data avail-
able indicating which isoform the Abcam antibody stains.

In skin lesions of LCH, the most important differential 
diagnosis is CD1a dendritic cell hyperplasia mimicking LCH 
(prurigo, arthropod bite reaction, spongiotic dermatitis, erythe-
matous-squamous diseases, interface dermatitis) [21]. OCT2 
expression might help in distinguishing between these two enti-
ties since it can be expressed in neoplastic histiocytes in LCH 
and it is negative in dendritic CD1a + cells. However, its testing 
should be further expanded on these inflammatory conditions.

As we noticed in our study, there was no correlation 
between molecular status and expression of OCT2 in LCH 
and JXG. Cases mutated for BRAF and MAP2K1 were 
present in OCT2 + cases (weak or strong staining) and in 
OCT2- as well (See Supplementary table).

Conclusion

OCT2 can be used as a nuclear marker for the diagnosis 
of Rosai-Dorfman disease with a sensitivity of 100% and a 
specificity of 74%. It can also be used to distinguish between 
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different components in mixed histiocytoses with Rosai-
Dorfman component since OCT2 is expressed in the RDD 
component.

Its expression can also be helpful to exclude ECD, in 
cases where differential diagnosis between ECD and other 
histiocytoses is difficult. Interestingly, OCT2 could direct 
the diagnosis towards H syndrome in cases of child-onset 
auto-inflammatory features or deformities accompanying 
atypical histiocyte tissue infiltration that do not exhibit RDD 
morphology. The expression of OCT2 is not rare in LCH and 
JXG and cannot be used to differentiate these entities from 
RDD. Finally, when a B-cell neoplasm is suspected, markers 
of B-cell such as PAX5 should be performed.
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