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ABSTRACT
Langerhans cell histiocytosis (LCH) is a neoplastic myeloid disorder with a thus far poorly understood immune
component. Tertiary lymphoid structures (TLS) are lymph node-like entities which create an immune-promoting
microenvironment at tumor sites. We analyzed the presence and clinical relevance of TLS in nD 104 H&E-stained,
therapy-naive LCH lesions of non-lymphoid origin and applied immunohistochemistry to a smaller series.
Lymphoid-follicular aggregates were detected in 34/104 (33%) lesions. In line with the lymphocyte recruitment
capacity of MECA-79C high endothelial venules (HEVs), MECA-79C-expressing-LCH lesions (37/77, 48%) contained
the most CD3C T-lymphocytes (pD 0.003). TLS were identified in 8/15 lesions and contained T-and B-lymphocytes,
Follicular Dendritic Cells (FDC), HEVs and the chemokines CXCL13 and CCL21 representing key cellular components
and TLS-inducing factors in conventional lymph nodes (LN). Lymphoid-follicular aggregates were most frequently
detected in patients presenting with unifocal LCH (24/70, 34%) as compared to patients with poly-ostotic or multi-
system LCH (7/30, 23%, pD 0.03). In addition, patients with lymphoid-follicular aggregates-containing lesions had
the lowest risk to develop new LCH lesions (pD 0.04). The identification of various stages of TLS formation within
LCH lesions may indicate a key role for the immune system in controlling aberrant histiocytes which arise in
peripheral tissues.

Abbreviations: FDC, Follicular Dendritic Cells; FFPE, Formalin-fixed paraffin-embedded; H&E, Hematoxylin/Eosin;
HEVs, High Endothelial Venules; LCH, Langerhans Cell Histiocytosis; LN, Lymph nodes; PNAd, Peripheral lymph Node
Addressins; T-reg, Regulatory T-cells; TLS, Tertiary lymphoid structures
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Introduction

Chronically inflamed and cancerous non-lymphoid tissues
often contain organized lymphocyte aggregates called TLS.1,2

TLS closely resemble normal lymph nodes with regard to cellu-
lar composition and structural organization, chemokine expres-
sion and specialized microvasculature such as HEVs.3 HEVs
have been detected, among others, in melanoma and breast car-
cinoma tissues.4,5 Their presence correlated with increased
tumor-infiltration of particular T-cell subsets which was shown
to predict a favorable clinical outcome.4-7 Hence, TLS create
tumor-suppressing microenvironments by selectively facilitat-
ing T-cell influx, local T-cell priming and protective T-cell-
mediated immune responses.8,9

LCH is a rare myeloid proliferative disorder with heteroge-
neous clinical manifestation and prognosis.10 LCH can mani-
fest as a single lesion or multiple lesions in one tissue type, i.e.
single-system disease, or in multiple organ-systems: multi-sys-
tem disease. LCH can affect every organ system in the body,
from skin to visceral organs like spleen, liver and lungs, with
the skeleton affected the most.10,11 Typically, new LCH lesions
other than the primary lesion may appear both during active
disease (LCH progression) or after a period of non-active

disease (LCH reactivation).12,13 To anticipate on this situation,
accurate staging of the disease according to international clini-
cal guidelines is highly recommended for all patients including
those presenting with a single LCH lesion in skin or bone.10

Regardless of its clinical manifestation, all LCH lesions are
comprised of CD1aC histiocytes which frequently carry
somatic, cancer-associated BRAFV600E or MAP2K1 muta-
tions.14-17 These aberrant LCH-cells are intermixed with lym-
phoid cells, including various T-cell subsets.18-20 Both
lymphoid and myeloid cell types can be easily recognized in
routinely prepared formalin-fixed paraffin-embedded (FFPE)
and Hematoxylin/Eosin (H&E)-stained tissue sections. In the
present study we analyzed the phenotype and organization of
LCH-lesion-infiltrating immune cells and addressed, in retro-
spect, whether the presence of lymphoid aggregates at primary
LCH onset affects the patients’ risk of disease progression.

Materials and methods

Patient materials

Archival LCH-affected FFPE-biopsies (bone (n D 71), skin
(n D 18), lung (n D 13) and bowel (n D 2)) collected from 104
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patients at first disease manifestation were included in this
study; patients’ demographics are shown in Table 1. Additional
analysis was performed on one skin and one bone lesion taken
at of LCH progression/reactivation, but these samples were not
included in correlation analysis. Data on LCH staging were
available for 100 patients whereas data on LCH-progression
and LCH-reactivation, assessed between 6 months and 2 years
after LCH onset, were available for 88 out of 104 patients. In
addition to normal skin and tonsillar tissue, a total of five
LCH-affected LN served as controls.

The study was approved by the Institutional Review Board
of the LUMC (P10.163) and was conducted following the ethi-
cal guidelines of the national organization of scientific societies
(FEDERA).

Immunohistochemistry, immunofluorescent staining
and BRAF mutation analysis

Tissue sections were routinely H&E stained in a Leica St 5020
autostainer. Due to limited availability of tissue, the histological

workup for the presence of HEVs, TLS markers and mutations
was performed on a selection of biopsies. The following pri-
mary (clone specified) and secondary antibodies were used in
histochemical stainings:20,21 CD1a (OIO), CD3, CD35 (Ber-
MAC-DRC), CD79a (JCB117), BCL-6 (PG-B6p) (Dako,
Glostrup, Denmark), CD25 (4C9), CD4 (1F6), CD8C (4B11),
Langerin/CD207 (12D6) (Novocastra, Newcatle upon Tyne,
UK), CD68 (514H12, AbD Serotec), CXCR5 (51505), CXCL13,
CCL21 (all from R&D systems), FOXP3 (22510, Abcam, Cam-
bridge, UK), Podoplanin (manufactured by Dr. H. Kawachi),
HRP-labeled Brightvision goat-anti-rat-rabbit-IgG mouse, don-
key-anti-goat and Envision goat-anti-mouse (ImmunoLogic,
Duiven, The Netherlands) and Alexa fluorochromes goat-anti-
rat and goat-anti-mouse IgG2b-488 and goat-anti-rabbit-546
(Invitrogen, Carlsbad, CA, USA). Immunohistochemically-
stained tissue sections were optically graded according to the
cellular organization of the various cell types6 by at least two
individual researchers who were blinded for clinical data. Of
note, lymphoid aggregates were defined as ‘TLS-like structures
or TLS’ when they stained positively for CD3 and CD79 and, in

Table 1. Patients demographics as analysed for lymphocyte aggregation, HEVs and TLS formation. �One patient displayed the ARAF mutation.16 ��One patient displayed a
MAP2K1 mutation.17 Other therapies is referred to as radiation therapy.

Hematoxylin & Eosin (nD 104) MECA-79 (nD 77) TLS (nD 15)

Variable
Total cohort
(nD 104)

Scattered
(nD 14)

Clustered
(nD 56)

Lymphoid-
follicular
(nD 34)

Absent
(nD 40)

Single cells
(nD 21)

HEVs
(nD 16)

Absent
(nD 7)

Present
(nD 8)

Sex, n (%)
Female 29 (31) 4 (33) 16 (30) 9 (36) 9 (26) 6 (29) 5 (31) 4 (67) 2 (25)
Male 64 (69) 8 (67) 38 (70) 18 (64) 26 (64) 15 (71) 11 (69) 2 (33) 6 (75)
N.A. 11 2 2 7 5 0 0 1 0

Age at onset, n, median (range) in years
< 18 y 70, 5 (0–17) 10, 6 (0–17) 43,5 (0–17) 17, 4 (0–17) 30, 7 (0–17) 16, 3 (0–9) 14, 4 (0–17) 3, 6 (4–7) 3, 4 (0–17)
� 18 y 23, 37 (22–78) 2, 48 (47–48) 10, 37 (23–78) 11, 31 (22–66) 5, 28 (23–78) 5, 31 (27–54) 2, 31 (22–65) 2, 40 (27–53) 5, 31 (22–65)
N.A. 11 2 3 6 5 0 6 2 0

Manifestation, n (%)
Mono-ostotic 48 (48) 9 (65) 27 (50) 12 (38) 26 (68) 10 (48) 6 (37) 5 (72) 5 (63)
Poly-ostotic 10 (10) 0 7 (13) 3 (10) 2 (5) 6 (29) 2 (13) 1 (14) 0
Multi-system 20 (20) 1 (7) 15 (27) 4 (13) 7 (18) 3 (14) 5 (31) 0 0
Single site skin 3 (3) 2 (14) 3 (5) 4 (13) 2 (5) 2 (9) 1 (6) 0 2 (25)
Pulmonary 13 (13) 2 (14) 3 (5) 8 (26) 1 (4) 0 2 (13) 1 (14) 1 (12)
N.A. 4 0 1 3 2 0 0 0 0

Mutation status, n (%)
BRAF WT 31 (53) 3 (43) 19 (56)� 9 (53)�� 13 (54)�� 7 (47) 11 (73)� 1 (33) 4 (67)
BRAF V600E mutation 27 (47) 4 (57) 15 (44) 8 (47) 11 (66) 8 (53) 4 (27) 2 (67) 2 (33)
N.A. 46 7 22 17 16 6 1 4 2

Treatment, n (%)
Biopsy with/without resection 30 (38) 3 (30) 15 (32) 12 (60) 8 (26) 7 (41) 5 (38) 0 1 (33)
Intralesional corticosteroid
infiltration

27 (33) 5 (50) 16 (33) 6 (30) 14 (45) 6 (35) 3 (24) 3 (75) 2 (67)

Intralesional corticosteroid
infiltrationC other

4 (5) 0 2 (4) 2 (10) 2 (6) 1 (6) 0 1 (25) 0

Systemic steroids
C chemotherapy

18 (23) 2 (20) 14 (29) 2 (10) 6 (20) 3 (18) 5 (38) 0 0

Systemic steroids
C chemotherapy C other

1 (1) 0 1 (2) 0 1 (3) 0 0 0 0

N.A. 24 4 8 12 9 4 3 3 5
Appearance of

new lesions, n (%)
< 6 mo
Yes 13 (15) 2 (22) 11 (22) 0 5 (15) 5 (25) 1 (6) 1 (25) 0
No 75 (85) 9 (78) 40 (78) 26 (100) 29 (85) 15 (75) 15 (94) 3 (75) 7 (100)
N.A. 16 3 5 8 6 1 0 3 1

�2 y
Yes 21 (24) 3 (27) 16 (29) 2 (23) 8 (18) 7 (35) 3 (23) 1 (25) 1 (12)
No 67 (76) 8 (73) 35 (71) 24 (77) 26 (82) 13 (65) 13 (77) 3 (75) 6 (88)
N.A. 16 3 5 8 6 1 0 3 1
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addition, for Bcl-6 or CD35.2 Germinal center-like morphology
was defined as a similar structural organization as can normally
be found in lymphoid follicles present in LN, i.e. diffusely orga-
nized lymphocytes surrounded by densely packed lymphocytes.
Lymphocyte aggregation has earlier been scored as radial lym-
phocyte count or, alternatively, to the presence of diffuse lym-
phocytes, germinal center or follicle-like morphology.22-27 The
criteria for the minimal number of scored cells varied however
dramatically amongst these studies. This variation made it diffi-
cult to apply either methodology to our patient cohort. We
therefore choose to score our samples according to the presence
of diffuse cells27 or follicle-like morphology22,23 and added one
other definition to describe an intermediate degree of lymphoid
aggregation. When different stages of lymphoid aggregation
were observed in the areas of CD1aC staining, we choose to
define the biopsy according to the highest degree of lymphoid
aggregation.

BRAFV600E-mutation analysis was performed on tissue sec-
tions subjected to microdissection or immunohistochemistry as
previously described.14,28,29 Note that this was done on a selec-
tion of cases (58/104) from whom sufficient tissue was left to
cut minimally two consecutive 10 mM sections.

Statistical analysis

Statistical analysis was performed using SPSS version 20.0 and
Prism 5.04 Software (Graphpad, La Jolla, CA, USA). Correla-
tion analysis between the degree of lymphocyte aggregation,
the presence of MECA-79 staining, the number of T-cell sub-
sets and clinical parameters was performed using Mann-Whit-
ney test, Fishers’ Exact test, log rank-test and Kaplan Meier
analysis. A p value of <0.05 was considered as statistically
significant.

Results

Various stages of lymphoid aggregation are detected in
LCH lesions

A randomly collected series of 104 archived H&E-stained LCH-
affected tissue sections of non-lymphoid origin were scored
according to the various degrees and number of lymphocyte
aggregation. Tissue slides were classified as ‘absent’ when no
organization or only scattered lymphocytes were observed, as
in 13% of reviewed cases (14/104, Fig. 1A), as ‘clustered’ when
lymphocytes were present in cellular clusters, as in 54% of cases
(56/104), Fig. 1C) or as ‘lymphoid-follicular’ when lymphocytes
were present at high densities and organized in one or more
lymphoid-follicular structures. The latter were observed in 33%
of biopsied tissues (34/104, Fig. 1E) wherein germinal center-
like morphology could be visualized in 9/34 (26%) biopsies.
The CD1aC LCH-cells were located either around or within the
lymphocytes aggregates (Fig. 1B, D and F).

HEVs are present in LCH lesions

HEVs mediate lymphocyte trafficking into secondary lymphoid
organs and are often detected in TLS present in chronically
inflamed tissues and tumor sites.3-5,30-34 The antibody MECA-

79 recognizes peripheral lymph node addressins (PNAd) which
are exclusively expressed by HEVs.35 To identify the presence
of HEVs in LCH lesions, immunohistochemical staining with
MECA-79 was applied to a subset of biopsies (nD 77) which
each displayed a defined form of lymphocyte aggregation being:
scattered (nD 12), clustered (nD 44) or lymphoid-follicular
(nD 21). Due to limited availability of tissue specimens, it was
not possible to analyze the full sample collection. MECA-79
staining was detected in 37/77 (48%) lesions of which 16 lesions
contained classically shaped HEVs i.e. venules lined with cubi-
cal endothelial cells (Fig. 2B).36 These classical HEVs were
located either within or in the perimeter of areas defined as
clustered or lymphoid-follicular. HEVs were not observed in
scattered biopsies. Eight tissues containing lymphoid-follicular
aggregates as well as 26 clustered cases lacked, however,
MECA-79 staining.

Lymphoid-follicle aggregates represent TLS

A total of 15 samples were selected from which sufficient mate-
rial was available for additional visualization of distinct markers
classically associated with TLS-formation.21,37 The selected
samples represented all stages of lymphoid aggregation and
included two samples with classical shaped HEVs, three sam-
ples with single MECA-79 cells and ten samples lacking
MECA-79 positivity. We additionally analyzed one bone LCH
lesion which was collected at LCH reactivation. Consistent with
the key cell types typically located in normal LN,2 LCH-associ-
ated TLS were composed of CD3C T-and CD79aC B-cells
(Fig. 2D), CD35C FDC, Fig. 2I) and/or BCL-6-expressing cells
(Fig. 2J). Of note, only germinal center-associated B-cells and
B-cell lymphoma cells stain positive for BCL-638. These pheno-
typically and structurally TLS-like lymphoid structures were
present in 8/15 tissues of which 6/8 biopsies contained one or
several lymphoid-follicular aggregates and 2/7 biopsies dis-
played absent or clustered lymphoid aggregation (pD 0.04).
Classical HEVs were present in three samples that were classi-
fied as TLS-containing samples.

CCL21 and CXCL13 respectively control the segregation of
CCR7C T-cells and CXCR5C B-cells within TLS.39,40 CCL21
was detected in 7/15 biopsies, Fig. 2G) and CXCL13C cells were
detected in 13 of 15 biopsies, Fig. 2F). Consistent with macro-
phages being CXCL13 producers,40 CD68C macrophages were
either concentrated around or within CXCL13 rich-areas (5/15,
Fig. 2H). In contrast, 6/15 biopsies contained macrophages
located in areas lacking CXCL13 or did not contain any macro-
phages (4/15). T-and B-cells were clearly separated in LCH-
lesions expressing both chemokines which is visualized in
Fig. 2D. CXCR5-positive cells co-localized with CD79aC B-cells
in nine of the 15 biopsies (Fig. 2E). Also podoplanin-expressing
FDC and fibroblastic reticular cells play crucial roles in T/B-cell
compartmentalization (reviewed by 3). Podoplanin staining
was observed both within and around the lymphoid aggregates.
Note that podoplaninC vessels (Fig. 2C) could be either HEVs,
blood-or lymphatic vessels as this marker is not discriminative.
Thus, T-and B-cell compartmentalization was most pro-
nounced in LCH-lesions containing CXCL13C, CCL21C and
podoplaninC cells.
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BRAF mutation status does not affect the degree of
lymphoid organization

As recently proposed, unifocal LCH lesions are possibly the
result of somatic mutations which occur in situ.41-43 To
assess whether BRAF-mutation status of lesional LCH-cells
influences the degree of lymphoid aggregation, we analysed
the presence of BRAFV600E mutation in CD1a-enriched tis-
sue derived from the same tissue block as was used for lym-
phoid aggregation analysis (nD 58). The presence of
BRAFV600E expressing LCH-cells (nD 27) did not correlate
with the degree of lymphoid aggregation (p D 0.81, data

not shown). Likewise, the presence of HEVs did not corre-
late with the presence of BRAFV600E expressing LCH-cells
(p D 0.28, data not shown).

The highest number of T-cells are detected in tissues which
display the highest degrees of lymphoid aggregation and
HEVs

Previous findings demonstrate that lymphocytes are present in
variable numbers in LCH lesions as highly frequently described
in routine pathology reports.18-20 HEVs mediate lymphocyte

Figure 1. Various stages of lymphocyte aggregation in LCH-affected biopsies and correlation to clinical outcome. Representative pictures of the various stages of lym-
phoid aggregation in LCH-affected bone sections which were subjected to automated H&E staining (upper row, 20x) and manual immunohistochemical CD1a staining
(bottom row, 20x). The bottom row shows the presence of LCH-cells in a subsequently cut tissue section. LCH lesions displayed either no organization of lymphocytes
(“absent” as shown in A&B), moderate clustering of lymphocytes (‘clustered’ as shown in C&D) or high density of lymphocytes and similar organization as seen in normal
lymphoid follicles (‘lymphoid-follicular’ as shown in E&F). Pictures were taken using a BX41 bright field microscope equipped with a UC30 camera (Olympus, Zoeter-
woude, the Netherlands). Graphs showing the average number of single CD3C T-cells per microscopic field (40£ original magnification) in relation to lymphoid aggrega-
tion detected on a serial H&E-stained tissue section (nD 81) (G) or to the presence of MECA-79C HEVs (nD 72) as assessed in parallel section stained with MECA-79 (H).
Kaplan-Meier plot in (I) shows the percentage of patients where a new lesion appeared in relation to lymphoid organization of their LCH lesion assessed at disease onset
(nD 88). Kaplan-Meier plot in (J) shows the percentage of patients who displayed progression or reactivation in relation to the presence of MECA-79 staining in their LCH
lesion assessed at disease onset (nD 70). Note that these survival data were not corrected for treatment modality which, if any, was started after the analyzed biopsy was
taken.
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recruitment into secondary lymphoid organs as well as chroni-
cally inflamed non-lymphoid tissues.4,5,30-34 Indeed, HEV-
expressing LCH-lesions contained higher absolute numbers of
CD3C T-cells (p D0.003, Fig. 1H), CD4C FOXP3¡ T-helper cells
(pD 0.03) and CD4, CD25 and FOXP3 co-expressing T-reg
(pD 0.03). Moreover, lesion-infiltrating CD3C T-cells (pD 0.01,
Fig. 1G), CD4C FOXP3¡ T-helper cells (pD 0.002) and CD25C

FOXP3C regulatory T-cells (T-reg) (pD 0.009) were more preva-
lent in lesions containing the highest degree of lymphocyte
aggregation as compared to the lowest level of aggregation.

Besides facilitating PNAd-mediated lymphocyte entry,
HEVs also recruit B-and T-cells through the release and/or pre-
sentation of chemo-attractant molecules such as CXCL13 and
CCL21, respectively.5,31,32,34 CCL21 was detected in 7/15 biop-
sies (47%) of which two LCH lesions clearly contained CCL21-
expressing vascular structures (Fig. 2G).

LCH patients with lymphoid-follicle aggregates are less
prone to develop new LCH lesions

We next evaluated the putative prognostic value of lymphoid
aggregation and MECA-79 staining at LCH onset in 88
patients. In analogy to other reports,22-27 we compared the out-
come between patients who initially presented with diffuse
lymphocytes versus lymphoid-follicular aggregates. Unfortu-
nately, information on therapy duration and the appearance of
new LCH lesion is often poorly documented in hospital
records. New lesions may appear either during therapy (LCH
progression) or after a disease-free period (LCH reactivation).
We therefore choose to register the appearance of each new
lesion within respectively 6 months and 2 years after first onset

of LCH as an event. Within 6 months from diagnosis, new
LCH lesions appeared in two out of 11 patients (18%) who dis-
played scattered lymphocytes at LCH onset in comparison to
0/26 patients (0%) who clearly displayed lymphoid-follicular
aggregates in their biopsied lesion (Fig. 1I, Table 1, pD 0.04).
After 2 years of follow-up, new lesions had appeared in 3/11
(27%) of the patients without lymphocyte organization in com-
parison to 2/26 (8%) in patients with lymphoid-follicular struc-
tures in their diagnostic biopsy (Fig. 1I, Table 1, pD 0.09).

Within 6 mo from diagnosis, new LCH lesions appeared in
5/34 (15%) patients without MECA-79 positivity in their
biopsy in comparison to 1/16 (6%) patients with MECA-79C

HEVs in their biopsied lesion (pD 0.34). After 2 y of follow-up,
new lesions had appeared in 8/34 (23%) patients without
MECA-79 positive cells in comparison to 3/16 (19%) patients
with HEVs in their diagnostic biopsy (Fig. 1J, Table 1, pD 0.5).

Lymphoid-follicle aggregates are confined to patients
with unifocal LCH

Previous epidemiologic studies have shown that LCH reactiva-
tion is related to LCH manifestation at LCH onset.44,45 In our
study, the appearance of new lesions was significantly higher in
patients who initially presented with multiple LCH lesions (14/
29, 48%) than in patients with unifocal LCH (11/57, 19% )
(pD 0.02).We therefore assessed whether lymphoid-follicle
aggregates or HEVs were found more frequently in patients
with the lowest risk the develop new lesions in nD 100 cor-
rectly staged patients. Lymphoid-follicular aggregates were
indeed more prevalent in patients who presented with unifocal
LCH (24/70, 34%) than in patients diagnosed with multiple

Figure 2. Immunofluorescent and immunohistochemical staining of classical TLS-inducing factors visualized in an isolated skin LCH lesion containing the highest degree
of TLS formation. Representative pictures were taken at 20�C using a Leica DM5500B fluorescence microscope equipped with a DFC-350-FX camera (40x original magnifi-
cation) or a Olympus BX41 bright field microscope equipped with a UC30 camera (original magnification 10x (upper row), 20x (middle row and F–H) and 40x (I–J)). Middle
row photographs are a larger magnification of the cells in the indicated areas of the upper row pictures. Photographs F-J were taken from the indicated areas depicted in
the larger magnification of A. Pictures from left to right from top to bottom showing the key cell types which are typically located in normal LN that is: a lymphoid-follicu-
lar aggregate on H&E (A), MECA-79-expressing HEVs (B), PodoplaninC single cells (red color and box) as well as PodoplaninC vessels (C), segregated CD3C T-cells (blue)-
and CD79aC B-cells (brown) (D), the B-cell-organogenic chemokine/chemokine receptor pair, CXCR5 (E) and CXCL13 (F), the T-cell organogenic chemokine CCL21 (G),
CD68C macrophages (H), CD35C FDC (I) and centrally located BCL-6-expressing cells (J). No immunoreactivity was detected for any type of secondary antibodies when
consecutive sections were stained with the secondary antibodies only (Fluorchromes 488, 546 and 647).21,37 Negative controls were stained in parallel with the same sec-
ondary reagents, but the primary antibodies were omitted (data not shown).
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lesions (7/30, 23% pD 0.03). The frequency of classical-shaped
HEVs was not different between unifocal and multifocal LCH
(9/50, 18% versus 7/25, 28%, pD 0.36). Hence, in this small
group of patients, highly organized lymphoid aggregation at
LCH onset seems to correlate with unifocal LCH and to reduce
the patient’s risk to develop new LCH lesions within the first
2 years after first LCH onset.

Discussion

LCH lesions are characterized by tissue accumulating LCH-
cells along with the concurrent infiltration of various types of
immune cells. Limited research has focused on the individual
contribution of these leukocytes, being mainly lymphocytes
and macrophages, to LCH outcome.18-20,46,47 The in situ pres-
ence and organization of lymphoid cells in LCH-affected tissues
has not been investigated yet. In this study, we demonstrate
that various stages of lymphoid aggregation are detected in
LCH lesions. The highest degree of aggregation, lymphoid-folli-
cle aggregation, was confined to patients with unifocal LCH
and the highest influx of absolute numbers of CD3C T-cells.
Moreover, patients with lymphoid-follicle-containing lesions
had the lowest risk to develop additional LCH lesions.

One of the limitations of performing research on archived tis-
sue specimens is the often limited clinical information regarding
staging, therapy duration and follow-up of the patients. This
may lead to underestimation of the incidence of multifocal or
multi-system patients and hampers proper differentiation bet-
ween disease progression and reactivation. Correct staging of
poly-ostotic patients in particular, may reveal the involvement of
other non-ostotic tissues and designate them as multi-system
patient. This may explain our observation that patients with
multifocal LCH (comprised of poly-ostotic and multi-system
LCH), and not solely multi-system patients, had a higher risk to
develop new lesions. Highly organized lymphoid aggregation at
LCH onset seems to reduce the patient’s risk to develop new
LCH lesions within 2 years from diagnosis. Whether the combi-
nation of lymphoid-follicle aggregates and HEVs lead to a better
outcome could not be assessed due to the relative small sample
size in this study. Such a study could be feasible but requires a
multicenter set up and excess to detailed clinical record files.

TLS are dynamic and plastic structures,48,49 which is illus-
trated by the reduction of lymphoid aggregation after TNF
blockade in rheumatoid arthritis and psoriatic arthritis patients.50

The various stages of lymphoid aggregation, TLS and the differ-
ential MECA-79 staining patterns found in LCH patients under-
scribes the plasticity of the lymphoid aggregates. Based on the
lack of correlation with BRAF mutation status, lymphoid aggre-
gation in LCH is more likely organized by stromal factors rather
than by the genotypically aberrant LCH-cells.3,24 In line with
observations in melanoma patients,48 some large LCH biopsies
contained aggregates with different stages of TLS development,
ranging from large lymphoid aggregates, which stained positive
for all TLS markers, to scattered B-and T-cells. We could there-
fore speculate that the extent of lymphoid aggregation as seen in
biopsies taken at LCH-diagnosis does not necessarily reflect the
final result of the process of lymphoid aggregation. When
untouched, scattered lymphocytes may further develop into
highly organized and functional TLS.

As shown previously, LCH lesions contain various types of
activated T-cell subsets.18,20 The presence of these conventional
T-cells and T-reg has been confirmed in the present study. In
addition, we demonstrate the presence of CD79aC B-cells,
while B-cells and plasma cells have only been reported in a
small number of cases.51 T-and B-cell compartmentalization
was most pronounced in LCH-lesions containing CXCL13C,
CCL21C and podoplaninC cells. This is in accordance with pre-
viously published data demonstrating that these factors induce
distinct T-and B-cell zones.3,31,33,39,40,52

In line with the lymphocyte recruitment capacity of HEVs,
HEV-expressing LCH-lesions contained higher absolute num-
bers of all CD3C T-cells and conventional CD4C FOXP3¡ T-
helper cells; B-cell influx was not assessed. This positive corre-
lation has also been reported in various malignancies.3,4,52,53 In
addition, the presence of HEVs also correlated with high num-
bers of LCH-lesion-infiltrating CD4, CD25 and FOXP3
co-expressing T-reg (pD 0.04). This finding is in contrast to
melanomas where lower numbers of T-reg were reported to
infiltrate HEVs-expressing lesions.5 Hence, LCH-associated
HEVs seem to facilitate the entry of various types of T-cells
into LCH-lesions. The rarely observed expression of CCL21 on
intra-lesional vasculature could explain the observed lack of
correlation between the number of LCH-lesion-infiltrating
T-cells and intralesional production of CCL21 (pD 0.39).
Nonetheless, combined expression of MECA-79 and CCL21
could further enhance the influx of T-cells, as has been
observed in murine models of melanoma and lung carcinoma.8

The observed correlation between the presence of lymphoid-
follicular aggregates, HEVs and increased lymphocyte infiltra-
tion (Fig. 1G-H), suggests that LCH lesions may be successfully
be eradicated by local promotion of T effector T-cell influx and
subsequent activation. This phenomenon has been described in
lung cancer and melanoma patients.6,7 In fact, self-regressing
LCH lesions have been reported and unifocal LCH bone lesions
are often not treated because it is well accepted that these
lesions often spontaneously regress after a biopsy is taken.54

We also analysed two tissue samples that were taken from a
newly appearing lesion; biopsies from the same patients col-
lected at first disease onset were, unfortunately, not available.
The newly formed lesions of both patients contained HEVs and
the one analyzed for TLS markers was classified as a TLS-con-
taining lesion. Interestingly, both patients never developed
additional lesions in time (follow-up between 14 and 25 years).
As documented in their records, both secondary LCH lesions
were biopsied without any further topical treatment, suggesting
that the co-presence of TLS and HEVs may facilitate successful
elimination of the disease.

For “non-central-nervous-system risk” mono-ostotic lesions
curettage and a watchingful waiting approach is often used as
these patients have an excellent prognosis.45 Clinical experience
in LCH has nonetheless shown that corticosteroids are often
deposited at the biopsied site. This treatment may be beneficial
for painful, non-regressing mono-ostotic lesions. However, corti-
costeroids suppress immune function in several ways and
induced the disappearance of fully functional TLS.50,55 Based on
these data and the putative beneficial effects of follicular aggre-
gates for early disease control in LCH, it is questionable whether
standard intralesional corticosteroid infiltration is justified in all
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unifocal bone lesions which appear at other sites that the cranio-
facial bones (‘special site’). Whether a quick scan for the presence
of lymphocyte aggregation in a H&E-stained tissue section pre-
pared from a snap-frozen tissue biopsy may facilitate this deci-
sion should be validated in a prospective study. In the present
cohort, the presence of TLS correlated with the degree of lym-
phoid aggregation (pD 0.04). As lymhoid-follicular aggregates
are simply detected at low power magnification in H&E-stained
sections (Fig. 1), it would not be necessary to stain every LCH
lesion collected at diagnosis for each distinct TLS marker set as
depicted in Fig. 2. We acknowledge, however, that defining the
presence of HEVs in a MECA-79 staining is less subjective that
screening H&E samples for lymphoid aggregation. Furthermore,
we suggest the use of an objective assessment method such as
digital morphometric studies which may provide more objective
data on the degree of lymphoid aggregation and quantification
of infiltrating T-cells.
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