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Abstract

Despite the adenoids are regularly removed in patients with mucopolysaccharidoses (MPS), the underlying tissue and cellular
pathologies remain understudied. We characterized an (immuno)histopathologic and ultrastructural phenotype dominated
by lysosomal storage changes in a specific subset of adenotonsillar paracortical cells in 8 MPS patients (3 MPS I, 3 MPS
II, and 2 MPS IITA). These abnormal cells were effectively detected by an antibody targeting the lysosomal membrane
tetraspanin CD63. Important, CD63+ storage vacuoles in these cells lacked the monocytes/macrophages lysosomal marker
CD68. Such a distinct patterning of CD63 and CD68 was not present in a patient with infantile neurovisceral variant of acid
sphingomyelinase deficiency. The CD63+ storage pathology was absent in two MPS I patients who either received enzyme-
replacement therapy or underwent hematopoietic stem cells transplantation prior the adenoidectomy. Our study demonstrates
novel features of lysosomal storage patterning and suggests diagnostic utility of CD63 detection in adenotonsillar lymphoid
tissue of MPS patients.

Keywords Mucopolysaccharidoses - Adenoidectomy - CD63 - CD68 - Enzyme-replacement therapy - Hematopoietic stem
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Introduction

Mucopolysaccharidoses (MPS) are a group of eleven rare
monogenic disorders caused by a deficiency of one of the
lysosomal enzymes involved in glycosaminoglycan (GAG)
catabolism. There are seven (I, II, III, IV, VI, VII and IX)
distinct MPS phenotypes. All are multisystemic and char-
acterized by progressive lysosomal accumulation (storage)
(LS) of partially degraded GAGs and subsequent cellular
and tissues dysfunction. Key clinical MPS features include
coarse facial features, hepato/splenomegaly, skeletal, joint,
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cardiac and airway pathologies, hearing impairment, and
variable developmental delay. Patients usually appear nor-
mal at birth, however, a range of symptoms develops during
infancy or early childhood [1]. Some MPS types are amena-
ble to hematopoietic stem cell transplantation (HSCT) and/
or recombinant intravenous enzyme-replacement therapy
(ERT) [2].

Otorhinolaryngological (ENT) MPS symptoms are
frequent and develop early [3, 4]. The most common are
chronic/recurrent rhinosinusitis, otitis media (acute and/
or with effusion), hearing loss and airway obstruction [3].
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Adenotonsillar hypertrophy and recurrent upper airway
infections are almost universal and significantly contribute
to upper airway obstruction and obstructive sleep apnea
syndrome in MPS patients [4]. Although adenoidectomy
is frequently performed [3] and histologic evaluation was
specifically proposed [5], the structural nature of MPS
abnormalities in this lymphoid tissue remains understudied
[6-10].

In our report, we present key (immuno)histological- and
ultrastructural features of adenotonsillar MPS pathology
highlighting the storage changes in CD63+/CD68- lys-
osomes of specific cells of the lymphoid paracortex.

Materials and methods

Eight MPS patients, one patient with infantile neurovis-
ceral variant of acid sphingomyelinase deficiency (ASMdef,
Niemann-Pick disease type A, OMIM 257200), and three
age-matched non-MPS/non-LS controls were included in
the study (Table 1). Endoscopic adenoidectomy with oral
endotracheal intubation was performed under general anes-
thesia. Mouth gag was inserted to expose the oropharynx.
Soft palate was retracted by bilateral rubber catheters pass-
ing through the nose. Hypertrophic adenoid tissue was
removed using classic adenoid curette under direct transoral
endoscopic visualization using a 70° endoscope. Bleeding
was controlled by compression with gauze tampons and/or
electrocauterization.

Tissues from all individuals (8 MPS, 1 ASMdef, and 3
non-MPS/non-LS controls) were processed for standard
light microscopy (HE, PAS, diastase PAS, and Masson”s
trichrome), immunohistochemistry (IHC) and immunofluo-
rescence (IF) as described before [11]. Table S1 lists the
primary and secondary antibodies (Ab). Confocal imaging
and image restoration of the multi-IF stained sections was
performed using the Leica SP8X microscope and Huygens
Professional Software (SVI, Hilversum, The Netherlands)
[12]. Ultrastructural analyses used JEOL 1200 electron
microscope (JEOL, Tokyo, Japan) [11]. The study was
approved by the authors” institutional ethical committee
(decision no. 2051/18S-1V).

Results

Tissue samples from all tested individuals (including non-
MPS/non-LS controls) shared similar nonspecific histo-
pathological inflammatory changes corresponding to find-
ings commonly associated with the clinical diagnosis of
adenotonsillar hypertrophy. Lymphoid tissues were covered
by locally eroded pseudostratified ciliary respiratory and/or
squamous epithelium. Surface accumulation of neutrophil
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leukocytes and formation of micro-abscesses was seen occa-
sionally. Lymphoid germinal centers were hyperplastic and
with abundant vacuolated histiocytes/macrophages. Impor-
tant, however, MPS patients #3 to #8 showed a population
of PAS detectable vacuolated stellate/arachnoid cells in the
subepithelial and lymphoid paracortical areas.

Tissue distribution of CD3 positive (+) and CD20+ lym-
phocytes was usual in all patients (#1-#9, Fig. Sla, b) and
control samples (not shown). The vacuolated paracortical
cells seen in patients #3—#8 were CD68 negative (-) but
strongly CD63+ (Fig. 1a—d; Fig. Slc—f). Other markers
(CD3, CD20, CD45RO0O, CD31, S-100, CDla, Langerin,
desmin, vimentin, and smooth muscle actin) were negative
in these vacuolated paracortical cells (Fig. S2).

Ultrastructural analyses in all samples showed germinal
center macrophages that contained pleomorphic membrane
bound vacuoles that lacked the typical structural MPS
lysosomal storage properties (Fig. le; Fig. S1g). A com-
plex meshwork of (residually) stellate-shaped cells with
expanded vacuolated cytoplasm was detected in the para-
cortical areas (Fig. 1f; Fig. S1h, i) in patients #3—#8. These
single membrane-bound vacuoles had typical MPS storage
morphology. Majority of them were lucent with fine granu-
lar contents. Zebra bodies were seen occasionally (Fig. 1g).

Lysosomal nature of these (CD63+/CD68-) storage vacu-
oles was confirmed by triple co-labelling with the lysoso-
mal-associated membrane protein 2 (LAMP2) (Fig. 2).

Findings (Fig. S3) in patient #1 (MPS I treated by HSCT
4 years and 4 months prior adenoidectomy) and patient #2
(milder MPS I (Scheie) variant treated by ERT for 7 months
prior adenoidectomy) (Table 1) were comparable to tissues
of non-MPS/non-LS control adenotonsillar tissues (Fig. S4).

CD63 staining was variable in other lysosomal storage
affected cells in non-adenotonsillar tissues of MPS patients
(Fig. S5). The specific separation of CD63 and CD68 lyso-
somal patterning to different adenotonsillar paracortical cel-
lular populations seen in MPS patients was not that distinct
in a patient with infantile neurovisceral ASMdef (Fig. S6
and S7).

Discussion

Information about adenotonsillar pathology in MPS patients
is limited. Sub-epithelial aggregation of histiocytoid cellular
forms has been identified earlier by standard tissue stains
[8]. Our study combining (immuno)histopathological and
ultrastructural techniques characterized adenotonsillar lyso-
somal storage patterns shared between MPS I, MPS II and
MPS IIIA. Except the two treated MPS I patients (#1 and
#2), the storage was largely limited to a specific population
of paracortical cells that expressed the exosomal/endoso-
mal/lysosomal tetraspanin CD63. Important, this specific
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Fig. 1 Key features of
adenotonsillar (immuno)
histological and ultrastructural
pathology in MPS patients.

(a, b) CD68+ macrophages

predominate in follicular
germinal centers (outlined by
dashed line). Image in b cor-

responds to the rectangle in a;
(¢, d) vacuolated CD63+ cells
populate paracortex. Image in

d corresponds to the rectangle
in c. a—d images originate from
serial histological sections;

(e) cytoplasm of follicular
germinal center macrophages
contains pleoimorphic vacuoles;
(f) paracortical cells contain
partly cleared membrane-bound
storage vacuoles with finely
granular contents. (g) occa-
sional zebra bodies can be also
detected (black arrow). Image
corresponds to the area outlined
by the rectangle in f. (a—d) MPS
II (patient #4); (e-g) MPS IIIA
(patient #7) scale bars =100 um
(a, ¢); 2 um (e, f)

population of CD63+ cells/lysosomes lacked CD68, which
is a well-established marker of macrophage lysosomal
membranes. To further characterize this uniquely distrib-
uted cellular population, we performed a series of additional
immunological stains including dendritic cell markers (CD3,
CD20, CD45R0, CD31, desmin, vimentin, and smooth mus-
cle actin, S-100, CD1a and Langerin) [13, 14]. We did not
detect any of these in the storage-ladden CD63+ cells. CD63
is known to localize to endosomal-lysosomal membranes. It
has, however, been also implicated in exosomal dynamics,
MHCII-associated antigen processing and cellular activa-
tion via extracellular cytosplasmic membrane exposure. At
this point, we can only hypothesize about the nature of the
CD63+4/CD68- storage affected paracortical adenotonsillar
cells in MPS patients and impacts the lysosomal storage has
on mucocilliary dynamics, (secondary) microbial coloniza-
tion, and nonspecific as well as specific mucosa-associated
immunity regulation including antigen processing. The
hematopoietic origin of these cells can be implied based
on the findings in the tissues of patient #1 who underwent
HSCT. Given the tissue distribution, morphology, and possi-
ble secondary storage-induced expression abnormalities, we

@ Springer

suggest that these cells are more likely of macrophage rather
than (interdigitating) dendritic nature [13, 14]. In any case,
both these cell types have high endocytic turnover which
makes them susceptible to develop lysosomal storage. We
also stained adenotonsillar tissues from a patient with infan-
tile neurovisceral ASMdef. While slightly more numerous in
comparison to non-MPS/non-LS controls, the population of
CD63+/CD68- paracortical cells was much less pronounced
in the latter patient than in any of the MPS patients. Contrary
to MPS patients, ASMdef patient presented with massive
storage in CD63+4-/CD68+ macrophages (Fig. S6 and S7).
Recent study by Pal et al. [10], demonstrated limited
effects of ERT on adenotonsillar lysosomal storage pat-
terns, GAG accumulation and remodeling of extracellular
matrix in MPS I, IIIA, IVA, and VI patients. CD63 stain-
ing allowed us to compare the extent of cellular storage
changes between tissues of treated and untreated patients
in our cohort. No or minimal CD63+ lysosomal pathol-
ogy was detected in patient #1 (adenoidectomy was per-
formed ~ 4 years after HSCT) and patient #2 (adenoid-
ectomy was performed ~7 months after ERT initiation).
On the contrary, MPS 1II patient #4 [15] was receiving
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Fig.2 Distribution of CD63+and CD68+ lysosomes in adenotonsil-
lar tissue of MPS patients. Tissue sections were triple-stained with
anti-CD63, anti-CD68, and anti-LAMP2 primary antibodies and
detected by fluorescently labeled species-specific secondary antibod-
ies (Tab. S1). Dotted lines delineate germinal centers (GC). Region of
interest #1 (ROI #1) localizes to GC. ROI #2 localizes to paracortex.
GC macrophages (ROI #1, empty arrows) as well as macrophages

ERT at the time of adenoidectomy and presented with
CD63+ storage changes. Similar, MPS II patients #5 and
#6, who stopped receiving ERT 1 and 3 months, respec-
tively, prior the adenoidectomy, also showed CD63+ stor-
age. Last, MPS IITA patient #8 undergoing substrate
reduction treatment for 1 month prior the tissue collection
presented with CD63+ lysosomal accumulation compara-
ble to an untreated patient #7.

To conclude. Our data demonstrate unique distribution
of storage-laden cells in adenotonsillar paracortical areas of
MPS patients. The pattern of lysosomal pathology, which
can be very effectively visualized by anti-CD63 immunode-
tection, is likely shared among various types of MPS(s). We
believe that the CD63 tissue detection may facilitate MPS
tissue diagnostics and help the assessment of effects of MPS
therapies at the cellular and tissue levels.

CD63/CD68/
/C

of the paracortex (ROI #2, empty arrowheads) contain CD68+ lys-
osomes (LAMP2+) that are CD63-. Specific population of paracorti-
cal cells (ROI #2, four highlighted by white arrows) contains excess
of CD63+ storage-laden LAMP2+ lysosomes. Representative images
are shown (patient #7 — MPS IIIA). Compare to Fig. 1, S1, and S7.
Scale bars=40um (top row); 10 um (middle row), 10 pm (bottom
row)

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00428-023-03662-y.
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