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Abstract

Aims—Crystal-storing histiocytosis (CSH) is a rare lesion composed of histiocytes with abnormal
intra-lysosomal accumulation of immunoglobulin (1g) as crystals, reported in patients with
plasmacytic/ lymphoplasmacytic neoplasms. We report the clinicopathologic features of 13
patients with CSH and describe the proteomic composition of the crystals in 3 cases analyzed by
mass spectrometry (MS).

Methods and results—There were 7 men and 6 women with a median age of 60 years (range,
33-79). CSH was generalized in 1 (8%) and localized in 12 (92%) patients involving various sites.
CSH was associated with a low-grade B-cell lymphoma with plasmacytoid differentiation or a
plasma cell neoplasm in all cases. In 10 (77%) cases, CSH represented more than 50% of the
neoplastic infiltrate. By immunohistochemical studies, histiocytes were positive for monotypic
kappa in 5 (50%), lambda in 4 (40%) cases; in 1 (10%) case, results were equivocal. MS analysis
of the histiocyte contents in all 3 tested cases showed predominance of variable-region fragments
of 1g light and/or heavy chains.
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Conclusions—CSH is frequently associated with an underlying lymphoplasmacytic neoplasm.
MS findings suggest that Ig alterations and/ or possibly defects in the ability of histiocytes to
process Ig play a role in pathogenesis.
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Introduction

Crystal-storing histiocytosis (CSH) is a rare lesion that results from the intra-lysosomal
accumulation of immunoglobulins (Ig) as crystals within histiocytes. It can involve a variety
of sites, such as bone marrow, lymph nodes, liver, spleen, gastrointestinal tract and

kidney.L: 2 There is a localized form of CSH, which is slightly more frequent, that is
confined to a single site. A generalized form that involves multiple organ sites also can
occur. Crystal-storing histiocytosis is frequently associated with various types of B-cell
lymphomas, plasma cell neoplasms, or rarely inflammatory disorders. 1 3-7 Often, extensive
involvement by CSH can obscure the underlying neoplasm making the recognition of the
neoplasm challenging.

In the literature, CSH has been reported to show a prominent association with
lymphoplasmacytic neoplasms expressing 1g kappa light chain without any association with
a specific type of Ig heavy chain.8-11 These findings suggest that Ig may have a role in the
pathogenesis of CSH. However, extensive studies to analyze the protein content of these
crystals have not been performed.

In this study, we present the clinicopathologic characteristics of 13 patients with localized or
generalized CSH. We also report the protein contents of the Ig crystals in 3 cases analyzed
by mass spectrometry.

Materials and Methods

Study Group

We retrieved all CSH cases from the pathology files of our institution between 1999 and
2015. In addition, we obtained one case from a collaborating institution. Clinical and
laboratory data were obtained by review of the medical record. The study was conducted in
accordance with the Declaration of Helsinki and approved by the Institutional Review Board
of each participating center. The overall collaboration was approved by the Institutional
Review Board of The University of Texas MD Anderson Cancer Center in Houston, Texas,
USA.

Case Review and Immunohistochemical Methods

We reviewed hematoxylin-eosin stained slides prepared from formalin-fixed, paraffin-
embedded tissue sections. In cases with bone marrow involvement, Wright-Giemsa—stained
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aspirate smears, touch imprints, and hematoxylin-eosin stained slides of aspirate clot and
biopsy specimens were reviewed.

Immunohistochemical analysis was performed using 4-mm-thick formalin-fixed, paraffin-
embedded tissue sections using heat-induced antigen retrieval, an avidin biotin-peroxidase
complex method and an automated immunostainer (Ventana Biotech, Tucson, AZ, USA). A
variable panel of antibodies was used as appropriate for establishing the diagnosis as
described elsewhere.12 The antibodies used were reactive with the following antigens: CD3
(1:100) (Lab Vision; Thermo Fisher Scientifics, Fremont, CA); CD20 (1:200), CD68 (KP-1;
1:900;), CD138 (M1-15; 1:600), 1gG (1:40000), IgM (1:3000), IgA (1:5000), kappa
(1:20,000) and lambda (1:20,000) (Dako North America, Inc., Carpenteria, CA). Detection
was performed with biotinylated secondary antibody, horseradish peroxidase and 3,3’-
diaminobenzidine as a chromogen. Slides were counterstained with haematoxylin.
Appropriate negative and positive control slides were run in parallel.

IgH sequencing
DNA was extracted from fixed, paraffin-embedded tissue sections using with the QlAamp
DNeasy Tissue Kit (Qiagen, Valencia, CA, USA). PCR amplification of Ig heavy chain
variable region (IGVy) genes was performed using consensus primers for variable and
conserved regions: 5’-TGG(A/G)TCCG(A/CIG)CAG(G/C)C(T/C)CC(A/CIGIT)GG-3’
(FRII), 5’-TCGGATCCACGGC(T/C)(C/G)TGTATTACTGT-3’ (FRIII) and 5’-
AACTGCAGAGGAGACGGTGACC-3’ (conserved region of JH segment). The details of
the PCR conditions are described elsewhere.13 Amplification of B-actin gene was performed
to confirm that the DNA quality was adequate. Following gel electrophoresis, the PCR
products from the rearranged bands underwent sequence analysis using the fluorescence dye
terminator (Sanger) method performed by SeqWright DNA Technology Services (Houston,
TX, USA).

Laser Capture Microdissection and Mass Spectrometry

Three cases of CSH with sufficient tissue were assessed by proteomic analysis. Areas to be
analyzed were selected under bright-field microscopy from fixed, paraffin-embedded tissue
sections using laser capture microdissection (Leica DM6000B Microdissection System,
Wetzler, Germany). The tissue was collected into 0.5 ml microcentrifuge tube caps
containing 10mM Tris/ImM EDTA/0.002% Zwittergent 3—-16 (Calbiochem, San Diego, CA,
USA\) as described elsewhere.24 Following heating at 98°C (x 90 minutes) and sonication in
a waterbath (x 60 mts), samples underwent overnight digestion with 1.5 ml of 1 mg/ml
trypsin (Promega, Madison, WI, USA) at 37°C.

Following trypsin digestion and reduction with dithiothreitol, the generated products
underwent separation by nanoflow liquid chromatography—electrospray tandem mass
spectrometry using a ThermoFinnigan LTQ Orbitrap Hybrid Mass Spectrometer (Thermo
Electron, Bremen, Germany) linked to an Eksigent nanoLC-2D HPLC system (Eksigent,
Dublin, CA, USA) and recommended protocols described elsewhere.14 The raw data were
analyzed using a three search algorithms (Sequest, Mascot and X!Tandem) to assign peptide
and protein probability scores. The results were depicted using Scaffold (Proteome
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Software, Portland, OR) as a list of proteins based on the peptide spectra. The details of the
settings have been described elsewhere.14

Results

Clinical Features

The study group included 7 men and 6 women with a median age of 60 years (range, 33-79).
Patients presented with symptoms related to various underlying conditions as detailed in
Table 1. In all patients, CSH was associated with an underlying neoplasm: extranodal
marginal zone B-cell lymphoma (n=6), lymphoplasmacytic lymphoma (n=3), plasma cell
myeloma (n=3), and splenic marginal zone B-cell lymphoma (n=1).

Crystal-storing histiocytosis involved the bone marrow (n=4), gastrointestinal tract (n=3),
lymph nodes (n=2), peritoneum (n=1), spleen (n=1), breast (n=1), skin (n=1) and soft tissue
of the cheek (n=1). In 8 of 9 (89%) patients with adequate staging data, CSH was localized
and confined to one organ system. In 1 (11%) patient who had plasma cell myeloma, CSH
was generalized, extensively involving bone marrow and peritoneal cavity. Nine patients
were tested for serum paraprotein: 3 patients with plasma cell neoplasm and 3 patients with
LPL showed a serum paraprotein (range, 0.6 to 2.1 g/dL). Two patients with extranodal
marginal zone B-cell lymphoma (MZL) and 1 patient with splenic MZL tested did not have
a serum paraprotein.

Survival data were available for 10 patients, of which 5 patients were alive at last follow up.
The median survival time was 32 months (range, 1.2 — 44 months). The clinical, laboratory
and pathologic details of these cases are summarized in Table 1.

Histologic and Immunohistochemical Findings

Histologic findings of representative cases are demonstrated in figures 1, 2 and 3. In 10
cases, the histiocytes with crystals represented at least 50% of the total infiltrate in the
biopsy specimen. In all cases, the histiocytes were cytologically benign with abundant
cytoplasm and bland oval nuclei. These histiocytes contained numerous eosinophilic
refractile crystals that distended their cytoplasm. Variable proportions of plasma cells and/or
lymphocytes were associated with the crystal-laden histiocytes.

Immunohistochemical analysis in all cases showed that the histiocytes containing crystals
were positive for CD68 and negative for CD138. Immunoglobulin light and heavy chain
analysis was performed on 10 and 6 cases, respectively. The histiocytes were positive for
monotypic kappa in 5 (50%) cases and lambda in 4 (40%) cases. In 1 case (case 1) the light
chain results were equivocal. The types of heavy chains identified were IgM (n=3), 1gG
(n=2) and IgA (n=1). In 7 cases in which the light chain of the neoplastic cells could be
assessed and compared with the histiocytes, the light was identical in both components.
Notably, the intensity of staining in CSH component was weaker than the plasma cells.

Mass Spectrometry Results

Mass spectrometric proteomic analysis was successfully performed on 3 biopsy specimens
(cases 1, 4 and 7) following laser capture microdissection of CSH component. Case 1 was an
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IgG lambda-positive plasma cell myeloma; case 4 was an IgM kappa positive LPL; and case
7 was an IgA kappa positive extranodal MZL. The highest content of the crystals in the
histiocytes of these cases included Ig variable region fragments. Case 1 demonstrated
fragments of Ig heavy chain variable region (IgH V-2); fragments of Ig light chain
(presumably lambda) and Ig constant regions were not detected. Case 4 demonstrated
fragments of both kappa chain variable (V-3) and also constant regions. In addition, there
were fragments of IgM and 1gG constant regions. Case 3 demonstrated only fragments of
kappa variable region (V-1 and V-3); no Ig heavy chain was identified. The findings are
shown in detail in figures 4 and 5.

IGH sequencing

We attempted to sequence IGH in the three cases analyzed by mass spectrometry.
Monoclonal IGH rearrangement was identified in case #2 that showed IGHV1-2*04.
Comparison of the sequence with the germline reference showed no mutations.

Discussion

Crystal-storing histiocytosis is a rare finding characterized by numerous histiocytes with a
distinctive accumulation of intracytoplasmic Ig crystals. In this study, we present the clinical
and pathologic findings of 13 cases of CSH, one of the largest case series in the literature.

Identification of CSH requires careful evaluation of histiocytic contents in an optimally
stained H&E stained slide under high magnification and confirmation by
immunohistochemical staining. A high degree of awareness and a thorough knowledge of
the differential diagnosis are essential for performing appropriate stains. Conditions
mimicking CSH include mycobacterial and fungal infections, mycobacterial spindle cell
pseudotumor, malakoplakia, hemophagocytic lymphohistiocytic syndrome, storage diseases
such as Gaucher’s, histiocytic lesions such as xanthogranuloma, Langerhans histiocytosis,
fibrous histiocytoma, Rosai Dorfman disease and other tumors including rhabdomyoma,
granular cell tumor and oncocytic neoplasms.

In this study group, localized CSH was the predominant presentation, in over 90% of
patients. These lesions most often involved gastrointestinal tract and lymph nodes. These
results are in contrast to the data published in literature based, on a review of 80 cases that
showed relatively equal proportions of localized (58%) and generalized (42%) CSH.! In that
review, localized CSH most often involved the head and neck region and lungs.! We do not
have an explanation for the differences between our study group and the cases reported by
others. Possible reasons for the discrepancy include a small number of study patients and the
absence of complete staging data for 4 patients in the study group. As our institution is a
referral center, referral bias is another possibility. We also suspect that cases of generalized
CSH are most likely to be reported in the literature, because of their more striking clinical
presentation and greater likelihood of having a complete workup.

In this study group, CSH was associated with an underlying lymphoma or plasmacytic
neoplasm.! In all patients but case 4, CSH was detected at the time of initial presentation
without any preceding history of a neoplasm and therefore the initial diagnosis was
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challenging. In 5 patients (cases 1, 5, 7, 10 and 11), CSH formed a significant component of
the lesion, and partially to more extensively obscured the underlying neoplasm, adding to
the challenge. To illustrate this point, in case 1 the patient presented with progressive
abdominal pain. Imaging studies showed thickening of the gastric wall and distal esophagus.
Repeated open excisional biopsy specimens obtained from the stomach and lesser omentum
showed a spindle cell proliferation involving fibroadipose tissue with a mixed inflammatory
infiltrate and CSH was not appreciated. Subsequently, an L1 compression fracture was
observed during a workup for a traumatic fall. At this time BM examination showed an
extensive spindle cell proliferation associated with scattered monotypic plasma cells (shown
in figure 1) and a touch imprint showed bundles of crystalline inclusions within histiocytes.
Extensive immunohistochemical work-up led to the diagnosis of CSH and retrospective
appreciation of CSH in the earlier biopsy specimens.

Based on these findings in this study, detection of CSH is very often a manifestation of
underlying neoplasm, either lymphoma or plasma cell myeloma, and clinical workup is
needed to exclude the possibility. In all cases showing CSH, appropriate
immunohistochemical studies and PCR clonality assessment is recommended. Since on
occasion immunohistochemical analysis of the histiocytes in CSH can be weak or non-
specific, a thorough history and physical examination, imaging studies, CBC, bone marrow
examination, serum and urine protein studies are particularly important. However, there are
rare cases of CSH reported in literature in patients without an underlying malignancy,
occurring mostly in the setting of a hyper-activated immune system, as is the case in patients
with rheumatoid arthritis or Crohn disease. 1. 3. 4.6, 15

In order to determine the protein content of the crystals within histiocytes, we used laser
capture microdissection followed by tandem mass spectrometric analysis. To date, very little
mass spectrometric data are available for CSH. In all three cases in this study the histiocytes
contained Ig light and/or heavy chain fragments likely derived from the lymphoma or
neoplastic plasma cells. Specifically, variable regions of Ig (V-1, V-3 of kappa, V-2 of IgH)
were present in greatest abundance. The variable region of Ig is prone to acquiring mutations
during gene rearrangement. Certain sequence alterations may impart changes in the Ig
configuration that can potentially lead to protein crystallization and resistance or altered
lysosomal degradation within the histiocytes, thereby leading to crystal accumulation.
Alternatively, patients may have inherited or acquired histiocyte processing defects that
result in Ig crystal formation.

The type of the heavy and/or light chain detected by mass spectrophotometry was
concordant with the immunohistochemistry (IHC) findings. In case 3, no fragments of Ig
heavy chain were detected although CSH was positive for IgA by IHC, suggesting the
presence of heavy chain fragments at a much lower concentration than kappa light chain and
other proteins. The presence of only Ig fragments within CSH may be the reason for weaker
intensity of kappa and lambda IHC staining in histiocytes than neoplastic plasma cells.
Weaker staining due to fixation artifacts and masking of antigens within the crystalline
structure of the protein also cannot be excluded.
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Preferential accumulation of Ig variable region fragments was also observed in two cases of
CSH associated with kappa positive plasma cell neoplasms reported by others (summarized
in table 2).16: 17 In one case of generalized CSH with an IgA kappa positive plasma cell
neoplasm, Lebeau et al. showed excessive accumulation of kappa variable region fragments.
Upon sequencing the kappa light chain, unusual amino acid substitutions were observed that
conferred abnormal crystallization properties. Hence, the authors suggested a role of kappa
light chain alterations in CSH pathogenesis. 16 Interestingly, analysis of the CSH contents in
our case of lambda light chain associated plasma cell myeloma did not show any evidence of
light chain fragments within the histiocytes. Only variable region fragments of heavy chains
were identified without a constant domain. In this case, the complete absence of lambda
light chain and sole representation of the variable region of IgH suggests, for the first time,
the possible role of the Ig heavy chain moiety in the development of CSH, thus expanding
the proposed hypothesis by Lebeau et al.16 Alterations in 1g heavy chains, such as heavy
chain hinge region deletions can lead to abnormal disulphide bridge formation. Furthermore,
any type of sequence change can prevent proper interaction of Ig heavy and light chains.8
Unfortunately, repeated attempts to sequence the IgH on this case were unsuccessful.

In summary, in this study of 13 cases CSH was always associated with a lymphoma or
plasma cell neoplasm. The histiocytes are often numerous and large with distended
eosinophilic cytoplasm and can therefore obscure the underlying neoplasm, presenting a
diagnostic challenge. Sometimes, detection of CSH can be the first clue that the patient has a
lymphoma or a plasmacytic neoplasm and very rarely CSH can be a sole pathologic finding.
The detection of 1g heavy or light chain variable region fragments by proteomic methods in
this study suggests that alterations in Igs and/or possible defects in the ability of histiocytes
to process Igs play a role in pathogenic accumulation of Ig within histiocytes.
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Figurel.
Case 1 (A-F): A, bone marrow touch imprint showing histiocytes with numerous crystalline

inclusions within the cytoplasm, Giemsa-Wright stain, x1000; B-C, low and high power
magnifications of bone marrow biopsy; marrow space demonstrates extensive spindle cell
proliferation composed of polygonal-shaped histiocytes with crystalline cytoplasmic
inclusions, H & E stain, x100 and x400; D, By immunohistochemistry, these histiocytes
were positive for CD163 (x100, shown); CD68 (KP-1), SMA (focal) and IgG and negative
for desmin, myogenin, EBER, melanoma cocktail, S-100, IgM, 1gA (not shown); E and F,
Staining for kappa and lambda immunoglobulin light chains highlight sparse plasma cells
that show bright monotypic lambda staining; the spindle cells show weak blush of lambda
and kappa (equivocal)
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Figure2.
Case 4 (A-C): A 74 year old man with a history of perinephric non-Hodgkin lymphoma with

lymphadenopathy and 1IgM gammopathy. A, Lymph node biopsy showing complete
replacement of architecture by a combination of abnormal histiocytic proliferation (90%) as
sheets of large bland histiocytes with pink granular crystalline cytoplasm and a
lymphoplasmacytic proliferation (10%) as scattered islands with numerous Russell bodies
and rare Dutcher bodies. B, PAS stain highlighting plasma cells and immunoglobulin-laden
histiocytes; C, IgM positive in histiocytes and plasma cells; Case 7 (D): A 43 year old man
with waxing and waning abdominal cramping. Endoscopy showed multiple, submucosal,
firm, umbillicated nodules in the proximal stomach. D, Oxyntic type gastric mucosa
showing crystal-storing histiocytosis associated with lymphoplasmacytic infiltrate (H & E
stain, x400); Immunohistochemistry showed monotypic IgA kappa staining in CSH and
lymphoplasmacytic infiltrate. PCR studies showed clonal immunoglobulin heavy chain gene
rearrangement.
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Figure 3.

Case 5 (A, B): A, lymph node biopsy showing CSH associated with lymphoplasmacytic
lymphoma (H&E, x100, H&E, x1000); Case 11 (C, D): C, Duodenal biopsy in a 73 year old
woman showing CSH; D, Crystal-laden histiocytes positive for kappa
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within the crystals based on detected peptide spectra. Columns 1 and 2 represent two

different areas of microdissection. The numbers listed within each box is the number of

unique peptide spectra detected of a given protein. Inset represents areas selected for

analysis by laser capture microdissection.
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Probability Legend:

80% to 94% Case #7
50% to 79%

0% to 19%

Bio View:
# [Identified Proteins (93)
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MW

I 1 Ig kappa chain V-I region Ni

Kv121_HUMAN

12kDa

Z ProSAP-interacting protein 1 PRIP1_HUMAN 72KDa il
3 Actin, cytoplasmic 1 ACTB_HUMAN  42kDa L5 ]
4 Vimentin VIME_HUMAN  54kDa 4 -
5 Myosin-If MYO1F HUMAM 125kDa
| 6 1Ig kappa chain V-I region AG KV101_HUMAN 12kDa | 4
roba one-lysine N-methyltransterase ASHIL ASHIL_HUMAN 333 KDa
8 28S ribosomal protein $31, mitochondrial RT31 HUMAN 45 kDa
| 9 Ig kappa chain V-III region HAH KV312_HUMAN 14kDa
one type 1-A H a
11 BRCA1-associated RING domain protein 1 BARD1_ _HUMAN 87kDa — “
12 Histone H2A type 1/ H2A1_HUMAN 14kDa [ 3
13 Dynein heavy chain 5, axonemal DYH5_HUMAN 529 kDa
14 Serine/threonine-protein kinase 36 STK36_HUMAN 144kDa
15 Beta-1,3-galactosyltransferase 5 B3GT5_HUMAN 36kDa
16 Repetin RPTN_HUMAN  91kDa
17 Succinate dehydrogenase | ubiquinone] iron-sulfur subunit, mitocho... DHSB_HUMAN 32kDa
18 Putative oxidoreductase GLYR1 GLYR1_HUMAN 61kDa
19 ATP-binding cassette sub-family A member 13 ABCAD_HUMAN 576 kDa
20 Zinc finger protein 532 ZN532_HUMAN 142kDa

Figure5.

Scaffold analysis of case 7 showing the proteome components. Inset represents areas

selected for analysis by laser capture microdissection.
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