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Abstract. Crystal storing histiocytosis 
(CSH) is a rare disorder characterized by 
the accumulation of crystalline material in 
the cytoplasm of histiocytes. Involvement 
of the central nervous system (CNS) with 
CSH is extremely rare. Herein, we report a 
case of crystal storing histiocytosis involv-
ing the CNS. Using immunohistochemistry 
and mass spectrometry we demonstrate that 
the disease resulted from an IgA-κ restricted 
plasma cell dyscrasia. CNS-CSH represents 
a rare clinicopathologic entity with an indo-
lent course, usually lacking systemic mani-
festations.

Introduction

Crystal storing histiocytosis (CSH) is a 
rare disorder defined by the accumulation of 
crystalline material in the cytoplasm of his-
tiocytes. Generally CSH is seen in the setting 
of a paraproteinemia either due to multiple 
myeloma, lymphoplasmacytic lymphoma, or 
monoclonal gammopathy of unknown sig-
nificance [1, 2, 3]. Other rare, non-immmune 
causes of CSH include treatment with clo-
fazimine for lepromatous leprosy, in associa-
tion with Charcot-Leyden crystals, or due to 
silica exposure [4, 5, 6].

The immune-associated variant of CSH 
has been subgrouped into a generalized form 
involving two or more organs and a localized 
form involving a single organ site [7]. Gener-
alized CSH most often involves the lympho-
reticular system, bone marrow and kidney 
[7]. The organ sites most often affected by 
localized CSH include the lung and pleura, 
the orbit, the kidney and bone marrow (re-

viewed in [7]). Involvement of the CNS with 
CSH (CNS-CSH) is extremely rare.

In this report, we describe a case of im-
mune CSH involving the central nervous sys-
tem in a 38-year-old woman with seizures. 
We used immunohistochemistry and mass 
spectrometry to determine that the CSH in this 
case was associated with an IgA-κ restricted 
plasma cell proliferation. To our knowledge, 
this is only the fourth instance in which CSH 
has been described in the CNS, and it is the 
first instance of CNS-CSH involving an IgA-
restricted plasma cell proliferation.

Case history

The patient is a 38-year-old woman who 
presented with a tonic-clonic seizure in 2007. 
Cranial magnetic resonance imaging revealed 
a T1-hypointense (Figure 1A), T2-hyper-
intense lesion centered in the right parietal 
lobe (Figure 1). The lesion showed irregular 
areas of peripheral enhancement on T1 im-
aging with gadolinium (Figure 1C and 1D). 
There was a second area of T2 hyperintensity 
with diffuse patchy enhancement superior to 
the main lesion (Figure 1D). Abnormal T2/
FLAIR hyperintense signal surrounded both 
lesions. The patient also underwent MR 
spectroscopy imaging of the brain and the 
lesion demonstrated relative reduction in the 
NAA peak, as well as elevation of the cho-
line, lactate and lipid peaks compared to nor-
mal brain parenchyma. A needle biopsy was 
performed. The patient’s seizures continued 
despite numerous medical therapies and she 
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subsequently underwent a craniotomy in 
June of 2008 with biopsy. Postoperatively, 
the patient remained with seizures and was 
followed with serial imaging studies. On her 
August 2009 and August 2010 MRI scans, 
the more superior lesion increased in size. 
She subsequently sought an evaluation at our 
brain tumor center. On histologic examina-
tion, the lesion consisted of a hypercellular 
infiltrate effacing the normal brain parenchy-
ma (Figure 2A). At low magnification the le-
sion was characterized by an intense chronic 
inflammatory infiltrate in a perivascular dis-
tribution (Figure 2B). On higher power the 
chronic inflammatory infiltrate was com-

posed primarily of plasma cells (Figure 2C). 
The surrounding tissue contained abundant 
histiocytes. Within the histiocytes were nee-
dle-shaped eosinophilic cytoplasmic inclu-
sions (Figure 2D).

Lesional histiocytes were strongly im-
munoreactive for CD68 (Figure 2E). Immu-
nohistochemical study for CD138 confirmed 
the plasma cell predominance in the perivas-
cular infiltrates (Figure 2F). Further immu-
nophenotyping of the plasma cell infiltrate 
revealed immunopositivity for IgA (Figure 
2G). Using chromogenic in situ hybridiza-
tion, the plasma cells were found to be Ig-ĸ-
restricted (Figure 2H). To further character-
ize the nature of the crystals in an objective 
manner, a mass spectrometry proteomic based 
approach was performed. Proteomic stud-
ies of protein complexes, particularly those 
containing inmmunoglobulin deposits, have 
found increasing application in diagnostic 
surgical pathology. This is currently feasible 
in small tissue samples, and facilitated by 
enzymatic digestion, peptide separation by 
liquid chromatography and subsequent tan-
dem mass spectrometry analysis. Following 
laser capture microdissection of the lesional 
tissue, mass spectrometry was performed on 
the formalin fixed and paraffin embedded tis-
sue using previously published methods [8], 
confirming the presence of κ-light chain and 
the IgA constant region (Figure 3). Interest-
ingly, there was especially high signal for the 
somatically mutated variable domain frag-
ment of the immunoglobulin κ-light chain. 
Additional peptide fragments enriched in 
the lesion included glial fibrillary acid pro-
tein (GFAP) and multiple histone fragments 
which likely represent non-specific findings. 
GFAP is frequently identified in proteomic 
analysis of samples from the CNS, and in this 
instance may have been derived from associ-
ated reactive astrocytes. Given their abun-
dance in all cell types, histone fragments are 
frequently identified in tissue samples from 
any source. Taken together the final diagno-
sis was crystal storing histiocytosis in asso-
ciation with an IgA-ĸ secreting plasma cell 
proliferation.

The patient had additional workup per-
formed. Her chest, abdominal and pelvic CT 
scans were unremarkable aside from a right 
ovarian cyst. A skeletal survey did not dem-
onstrate any lytic lesions. A bone marrow 

Figure 1.  Magnetic resonance imaging (MRI) 
findings. Brain MRI demonstrates two irregularities. 
The primary lesion was centered in the posterior-
inferior parietal lobe (A, B, C) and a second contig-
uous lesion was identified in the posterior-central 
parietal lobe (D). The lesions were T1-hypointense 
(A) and T2-hyperintense (B) with peripheral irregu-
lar enhancement on T1 imaging following admin-
istration of gadolinium (C, D). Abnormal T2/FLAIR 
hyperintense signal surrounded both lesions.
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Figure 2.  Pathology and immunophenotypic findings of CNS crystal-storing histiocytosis. A well cir-
cumscribed aggregate (top) was sharply demarcated from brain (bottom) (A). On higher magnification 
the infiltrate was composed of a mixed inflammatory infiltrate (B). A moderate number of plasma cells 
clustered around small blood vessels (C). Refractile, intracytoplasmic crystalline material was the hall-
mark feature of the lesion (D). Histiocytes expressed CD68 (E), while plasma cells expressed CD138 (F) 
and IgA by immunohistochemistry (G). In-situ hybridization studies for mRNA encoding immunoglobulin 
light chains showed κ-restriction (H).
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biopsy revealed all normal hematopoietic 
elements. The patient was then treated with 
intensity-modified radiotherapy to the pari-
etal lesions to a total dose of 36 Gy in 1.8 Gy 
fractions. Following radiotherapy she was 
treated with rituximab, 375 mg/m2 weekly 
for 4 weeks, then 375 mg/m2 once a month 
for 11 months and is currently on an every 
3-month dosing regimen. Her brain MRI 
scans have remained stable over the past 17 
months.

Discussion

To our knowledge, the current case is 
only the fourth reported case of CSH involv-
ing the central nervous system (Table 1) [7, 
8, 9, 10]. All four cases presented in young 
females with an age range of 27 – 38. The 
presenting symptoms in CNS-CSH have in-
cluded focal neurologic deficits related to the 
site of the histiocytic collection, weakness 
or seizures (Table 1). In 2 of 4 cases, CSH 

Table 1.  Clinical characteristics of reported cases of CNS-CSH.

Case Age/
Gender

Presenta-
tion

Location Associated 
disorder

Para
protein

Treatment Follow-up

1a 27/F focal 
neurologic 

deficits, 
tremor

white matter 
right parietal 

lobe

Crohn’s 
disease

un-
known

unknown unknown

2b,c 31/F weakness, 
aphasia

bilateral 
white matter

monoclonal 
plasma cell 
proliferation

Ig-ĸ lenolidamide/ 
dexametha-

sone; mepha-
lan/radiation

progression at 1 
year; stabilized 

following 
subsequent Tx

3d 38/F seizures blateral 
frontal lobe

unknown poly-
clonal 

Ig

cyclophospha-
mide

responded well 
to Tx lesion 

resolved
4 38/F seizures white matter 

right parietal 
lobe

monoclonal 
plasma cell 
proliferation

Ig-ĸ/IgA rituximab/
radiation

responded well 
to Tx lesion for 

17 months

aKaminsky et al. [9]; bRodriguez et al. [8]; cCostanzi et al. [10]; dPrezeshkpour et al. [13] .

Figure 3.  Mass spectrometry analysis with searches using previously published algorithms and probabil-
ity score assignment revealed the abnormal infiltrates to be enriched by κ-light chains and IgA heavy 
chains (stars). Other peptides identified likely represent brain parenchyma components.
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was associated with an underlying plasma 
cell disorder [8, 10]. A single case was not 
associated with a lymphoproliferative disor-
der, but instead was reported in the setting 
of a patient with Crohn’s disease [9]. All re-
ported cases of CNS-CSH showed a local-
ized disease distribution with no evidence of 
systemic involvement or serum paraprotein-
emia. The disease presented in several neo-
cortical locations, and in all cases involved 
the subcortical white matter.

In the current case, imaging showed ir-
regular nodular enhancement following ad-
ministration of gadolinium with an associ-
ated increased intensity on T2-FLAIR. This 
is consistent with previous reports of CNS-
CSH, in which magnetic resonance imaging 
has consistently shown irregular enhance-
ment on T1-weighted images with contrast; 
however, both hypointensity and hyperinten-
sity have been reported on T2-weighted im-
ages [9, 10]. Results from MR spectroscopy 
showed reduced NAA with an increase in 
the choline peak, consistent with previous 
reports [9]. By computed tomography, slight 
whiter matter attenuation and enhancement 
have been noted [9].

Generally Ig-κ is the predominant para-
protein involved in CSH [7]. It has been 
postulated that this is due to specific amino 
acid usage that promotes the accumulation of 
κ-light chain fragments by either enhancing 
secretion or reducing lysosomal degradation 
[2]. In the 3 cases of CNS-CSH in which the 
immunophenotype of the paraprotein was 
known, 2 cases involved Ig-κ [8]. In a single 
case the associated paraprotein was reported 
as polyclonal [9]. The current case is unique 
in that the IgA-restricted plasma cells were 
identified by immunohistochemistry and 
peptides from the IgA constant regions were 
identified by mass spectrometry. This is the 
first instance of an IgA-restricted plasma cell 
proliferation reported in association with 
CNS-CSH. IgA-restriction is uncommon in 
CSH at any location. For instance, Dogan et 
al. [7] reported that of the 37 cases in which 
heavy chain restriction was reported, only 
16% (6/37) showed IgA-restriction.

In two cases of CNS-CSH, including the 
current case, mass spectrometry was per-
formed. In both cases, light chain variable 
fragments, a component of the light chain 
which undergoes somatic mutation, showed 

increased signal compared to the signal from 
constant region fragments. While the etiolo-
gy of crystal storing histiocytosis is currently 
unclear, it is possible that specific somatic 
mutations in the variable regions predis-
pose to crystal formation following post-
translational processing of immunoglobulins 
in macrophages. Supporting this etiology, 
Lebeau et al. [2] found unusual amino acid 
usage in the sequence of the variable region 
of an Ig-κ paraprotein in a case of general-
ized CSH. Additionally, a similar mechanism 
has been reported in human and animal mod-
els of other crystal forming diseases such as 
Fanconi’s syndrome [11, 12].

Given the limited accumulated clinical 
experience with the disease, the prognosis 
and optimal treatment of CSH is unclear, 
and many cases specific treatment depends 
on the associated underlying condition. Cur-
rent data suggests that localized CSH has a 
better prognosis than generalized CSH [2]; 
however, even localized disease has not uni-
formly been controlled by chemotherapy 
or excision alone. For instance, Jones et al. 
[3] reported several examples of localized 
CSH showing persistent or recurrent disease 
following treatment with excision or che-
motherapy. In the brain, the available data 
suggests that CNS-CSH may be a relatively 
indolent disease that can be controlled with 
treatment. For instance, in the three cases 
of CNS-CSH for which clinical follow up 
was reported (including the current case), 
the disease had either resolved or stabilized 
following therapeutic intervention. In 1 case, 
CNS-CSH showed dramatic improvement 
and achieved clinical remission with cyclo-
phosphamide [13]. Similarly, Rodriguez et 
al. [8] reported clinical remission in a case 
of CNS-CSH after treatment with mephalan 
and blood brain barrier disruption with 25% 
intraarterial mannitol (two 10 mg/M2 treat-
ments/month for 12 months) followed by 
low dose brain irradiation (3,600 cGy over 
1 month). In the current case, the patient was 
treated with a combination of radiation and 
rituximab maintenance and showed clinical 
and radiographic stability over the 17 months 
since completion of her cranial radiotherapy.

In summary, we report a rare case of 
crystal storing histiocytosis involving the 
central nervous system secondary to an IgA-
restricted plasma cell dyscrasia. The disorder 
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is rare but seems to behave in an indolent 
fashion in the brain, with a relatively favor-
able response to treatment.

Acknowledgments

This work was partially funded by an 
NIH postdoctoral fellowship to B.A.O. 
(T32CA067751).

References
[1]	 Kapadia SB, Enzinger FM, Heffner DK, Hyams 

VJ, Frizzera G. Crystal-storing histiocytosis as-
sociated with lymphoplasmacytic neoplasms. Re-
port of three cases mimicking adult rhabdomyo-
ma. Am J Surg Pathol. 1993; 17: 461-467. 
CrossRef  PubMed

[2]	 Lebeau A, Zeindl-Eberhart E, Müller EC, Müller-
Höcker J, Jungblut PR, Emmerich B, Löhrs U. 
Generalized crystal-storing histiocytosis associated 
with monoclonal gammopathy: molecular analysis 
of a disorder with rapid clinical course and review 
of the literature. Blood. 2002; 100: 1817-1827.  
PubMed

[3]	 Jones D, Bhatia VK, Krausz T, Pinkus GS. Crystal-
storing histiocytosis: a disorder occurring in plas-
macytic tumors expressing immunoglobulin kappa 
light chain. Hum Pathol. 1999; 30: 1441-1448. 
CrossRef  PubMed

[4]	 Lewis JT, Candelora JN, Hogan RB, Briggs FR, 
Abraham SC. Crystal-storing histiocytosis due to 
massive accumulation of charcot-leyden crystals: 
a unique association producing colonic polyposis 
in a 78-year-old woman with eosinophilic colitis. 
Am J Surg Pathol. 2007; 31: 481-485. CrossRef 
PubMed

[5]	 Sukpanichnant S, Hargrove NS, Kachintorn U, 
Manatsathit S, Chanchairujira T, Siritanaratkul 
N, Akaraviputh T, Thakerngpol K. Clofazimine-
induced crystal-storing histiocytosis producing 
chronic abdominal pain in a leprosy patient. Am J 
Surg Pathol. 2000; 24: 129-135. CrossRef 
PubMed

[6]	 Lee WS, Kim SR, Moon H, Choe YH, Park SJ, Lee 
HB, Jin GY, Chung MJ, Lee YC. Pulmonary crys-
tal-storing histiocytoma in a patient without a 
lymphoproliferative disorder. Am J Med Sci. 
2009; 338: 421-424. CrossRef PubMed

[7]	 Dogan S, Barnes L, Cruz-Vetrano WP. Crystal-
storing histiocytosis: report of a case, review of 
the literature (80 cases) and a proposed classifica-
tion. Head Neck Pathol. 2012; 6: 111-120. Cross-
Ref PubMed

[8]	 Rodriguez FJ, Gamez JD, Vrana JA, Theis JD, 
Giannini C, Scheithauer BW, Parisi JE, Lucchinetti 
CF, Pendlebury WW, Bergen HR III, Dogan A. 
Immunoglobulin derived depositions in the ner-
vous system: novel mass spectrometry application 
for protein characterization in formalin-fixed tis-
sues. Laboratory investigation; a journal of techni-
cal methods and pathology. 2008; 88: 1024-1037.

[9]	 Kaminsky IA, Wang AM, Olsen J, Schechter S, 
Wilson J, Olson R. Central nervous system crys-
tal-storing histiocytosis: neuroimaging, neuropa-
thology, and literature review. AJNR Am J Neuro-
radiol. 2011; 32: E26-E28. CrossRef PubMed

[10]	 Costanzi C, Bourdette D, Parisi JE, Woltjer R, 
Rodriguez FJ, Steensma D, Lucchinetti C. Crys-
tal-storing histiocytosis: An unusual relapsing in-
flammatory CNS disorder. Multiple Sclerosis and 
Related Disorders. 2012; 1: 95-99. CrossRef

[11]	 El Hamel C, Thierry A, Trouillas P, Bridoux F, 
Carrion C, Quellard N, Goujon JM, Aldigier JC, 
Gombert JM, Cogne M, Touchard G. Crystal-
storing histiocytosis with renal Fanconi syn-
drome: pathological and molecular characteristics 
compared with classical myeloma-associated 
Fanconi syndrome. Nephrology, dialysis, trans-
plantation: official publication of the European 
Dialysis and Transplant Association - European 
Renal Association. 2010; 25: 2982-2990.

[12]	 Decourt C, Rocca A, Bridoux F, Vrtovsnik F, 
Preud’homme JL, Cogné M, Touchard G. Muta-
tional analysis in murine models for myeloma-
associated Fanconi’s syndrome or cast myeloma 
nephropathy. Blood. 1999; 94: 3559-3566.  
PubMed

[13]	 Pezeshkpour G, Stuart TD, Estridge MN. Crystalline 
encephalopathy: cerebral immunoprotein deposits 
and isolated angiitis. Ann Neurol. 1985; 17: 96-99. 
CrossRef PubMed

http://dx.doi.org/10.1097/00000478-199305000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8470760&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12176905&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12176905&dopt=Abstract
http://dx.doi.org/10.1016/S0046-8177(99)90166-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10667422&dopt=Abstract
http://dx.doi.org/10.1097/01.pas.0000213420.46127.9c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17325492&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17325492&dopt=Abstract
http://dx.doi.org/10.1097/00000478-200001000-00016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10632497&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10632497&dopt=Abstract
http://dx.doi.org/10.1097/MAJ.0b013e3181ad3feb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19773640&dopt=Abstract
http://dx.doi.org/10.1007/s12105-011-0326-3
http://dx.doi.org/10.1007/s12105-011-0326-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22430767&dopt=Abstract
http://dx.doi.org/10.3174/ajnr.A1983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20110371&dopt=Abstract
http://dx.doi.org/10.1016/j.msard.2011.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10552967&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10552967&dopt=Abstract
http://dx.doi.org/10.1002/ana.410170120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3985592&dopt=Abstract

