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Crystal-storing histiocytosis in
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review of the literature
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Crystal-storing histiocytosis (CSH) is a rare disorder characterized by the

accumulation of non-neoplastic histiocytes that contain intracytoplasmic

crystallized immunoglobulins. Although CSH can occur in various organs,

gastric CSH is very rare. Therefore, diagnosing gastric CSH remains a

challenge. Here, we present the case of a 69-year-old man with localized

gastric CSH who presented with positive fecal occult blood for 2 days.

Gastroscopy showed that there was a piece of irregular whitish focus in the

big bend of the gastric antrum, which was soft and elastic. Histologically, the

biopsied gastric mucosa showed chronic inflammation, mild activity with

erosion, and numerous eosinophilic mononuclear cells containing fibrillary

crystalloid inclusions in the lamina propria. Immunohistochemically, these

crystal-containing cells were positive for CD68/PGM1 and Igk, which

revealed that the cells were histiocytes harboring kappa light chain-restricted

immunoglobulin crystals. Electron microscopic examination showed

numerous high-electron-density particles in the cytoplasm of cells, with

crystal structures of different sizes and shapes. This case highlights how

immunohistochemistry can help with differential diagnosis and classification.
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1 Introduction

Crystal-storing histiocytosis (CSH) is a rare lesion that results from the accumulation of

immunoglobulins (Ig) in the form of crystals within tissue cells. CSH is descriptive and

sounds innocuous; however, up to 90% of cases are associated with an underlying

lymphoproliferative or plasma cell disease, such as multiple myeloma, lymphoplasmacytic
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lymphoma, or monoclonal gammaglobulinemia of unknown

significance (1–3). In other words, CSH is an under-recognized

paraneoplastic phenomenon, and knowledge of CSH may help

detect hidden malignancies. Subtle CSH can be overlooked, while

extensive CSH can mask the accompanying lymphoma. Although

CSH can involve various sites, such as the bone marrow, lungs,

lymph nodes, liver, spleen, gastrointestinal tract, and kidney (1, 4),

it is very rare in the stomach. Therefore, diagnosing gastric CSH

remains a challenge. Here, we report a case of gastric CSH and

review related literature.
2 Case presentation

A 69-year-old man was admitted with a chief complaint of

positive stool occult blood for 2 days. The patient was emaciated

and anemic. The laboratory test results were as follows: white

blood cell count 6.3×109/L (normal: 4–10×109/L), neutrophil

count 3.7×109/L (normal: 1.8–6.3×109/L), red blood cell count

3.38×1012/L (normal: 4–5.5×1012/L), C-reactive protein 26 mg/L

(normal: 0–10 mg/L), hemoglobin 88g/L (normal: 120–160 g/L),
Frontiers in Oncology 02
average volume of red blood cells 79.9 fL (normal: 80–100 fL),

and platelet count 299×109/L (normal: 100–300×109/L).

Gastroscopy revealed a white irregular lesion in the gastric

mucosa at the big bend of the gastric antrum, which was soft

and elastic (Figure 1A). The patient underwent gastrointestinal

endoscopy, the polyps found on colonoscopy were removed,

folic acid supplementation was administered, and the symptoms

of anemia improved. To date, he has had no disease progression,

and no lymphoproliferative disease has been found.

Macroscopically, a piece of gastroscopy biopsy tissue was

removed with a volume of 0.3 cm×0.3 cm×0.2 cm. Microscopic

examination revealed that the biopsied gastric mucosa

demonstrated chronic inflammation, mild activity with

erosion, and numerous eosinophilic mononuclear cells

containing fibrillary crystalloid inclusions in the lamina

propria, which were composed of large polygonal and spindle

histiocytes with abundant eosinophilic cytoplasm, round-to-

ovoid eccentric nuclei, reticulate chromatin, and median

nucleoli. Needle-shaped crystals were confined to the

cytoplasm, and some were in parallel arrays (Figures 1B–D).

Immunohistochemically, these crystal-containing cells were
A B

DC

FIGURE 1

Microscopic of gastroscopy biopsy tissue. (A) Gastroscopy showed a piece of irregular whitish focus in the big bend of the gastric antrum.
(B) On low power, the gastric mucosa is mildly chronic inflammation, mildly active with erosion, and a large amount of eosinophilic sub-stance
deposits in the stroma, 40×. (C) On medium power, the inherent glands of the stomach were destroyed, a few remained glands, and a large
number of tissue cells containing crystals in the stroma were infiltrated, 200×. (D) On high power, needle crystals in cells, 400×.
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strongly positive for CD68/PGM1 (Figure 2A), but negative for

CD20 (Figure 2B), CD138 (Figure 2C), CD79a (Figure 2D), CK

(Supplementary Figure 1A), S-100 (Supplementary Figure 1B),

desmin, smooth muscle actin (SMA), muscle-specific actin

(MSA), and myosin. Helicobacter pylori (H. pylori ,

Supplementary Figure 1C) immunostaining was negative.

Immunostaining of kappa light chain was strong and diffuse

(Figure 2E). Immunostaining for the IgG heavy chain and l light
chain was negative. Congo red staining results were negative.

Electron microscopic examination showed numerous high-

electron-density particles in the cytoplasm of cells, with crystal

structures with different sizes and shapes (Figure 2F). BIOMED-

2 multiplex PCR analysis showed that immunoglobulin heavy

chain (IgH-DH-JH) gene rearrangement and Igk gene

rearrangement were not detected.
3 Discussion

A PubMed search of the literature revealed that over 170

cases of CSH have been reported to date. However, only 17

gastric CSH (including the present case) have been described in

English literature (3, 5–13). The detailed clinical and

pathological findings of the patients are summarized in

Table 1. Of these patients, 10 were men and seven were

women. The mean age at diagnosis was 56 years (range, 35-86

years). There were two generalized (11.8%) and 15 localized

(88.2%) types. Among them, nine patients (52.9%) were
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associated with or secondary to lymphoid/plasma cell

neoplasm: four mucosa-associated lymphoid tissue (MALT)

lymphoma with kappa restriction, one mantle cell lymphoma

with lambda restriction, two diffuse large B cell lymphoma with

kappa restriction, one multiple myeloma with lambda

restriction, and one metachronous lymphoplasmacytic

lymphoma involving the bone marrow and thymus. Five

patients (31.2%) had no related diseases other than H. Pylori

infection. During follow-up, four patients with H. Pylori

infection had no other gastric lesions or symptoms (7–9). One

patient died of an unrelated cause during the follow-up (7).

Compared to other organs, gastric CSH is mainly localized, and

approximately half of the cases are unrelated to clonal

lymphoproliferative diseases. In contrast, they are often

associated with H. Pylori-associated gastritis. However, in the

process of reading the literature, there was one report that

involved three cases (7), and their morphology was very

similar to that of CSH. However, in one case the lesional cells

were negative for CD68 while were positive for CD20 and

CD79a. Moreover, all patients who were positive for H. Pylori

only had anti-inflammatory treatment, and there were no other

diseases during follow-up. Therefore, we only speculate that the

exact diagnosis of this case may be Russell body gastritis (RBG);

however, this requires further discussion.

Most importantly, gastric CSH needs to be differentiated

from RBG, which can also show similar pathological changes.

RBG is another rare entity characterized by abnormal

immunoglobulin deposition in the stomach, closely related to
A B

D E F

C

FIGURE 2

Immunophenotype and electron microscopic manifestations of gastroscopy biopsy tissue. (A) CD68, 400×; (B) CD20, 400×; (C) CD138, 400×;
(D) CD79a, 400×; (E) kappa light chain, 400×; (F) Electron microscopic examination showed that a large number of high electron density
particles were found in the cytoplasm of cells, with crystal structures with different sizes and shapes, 1000×.
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H. Pylori infection (67%) (14). RBG is composed of plasma cells

with small concentrated spherical immunoglobulins surrounded

by endoplasmic reticulum membrane (Mott cells) (15), which is

different from CSH, which consists of predominantly of

histiocytes with crystallized immunoglobulin in the lysosome.

RBG cases also have similar characteristics, such as frequent

kappa light-chain restriction of accumulated immunoglobulin

(43%) (14). There were two cases of RBG associated with

lymphoplasmacytic neoplasm: one with MALT lymphoma and

the other with metachronous multiple myeloma 3 years after

RBG diagnosis (16, 17). However, to date, RBG has been

considered a unique inflammatory reaction rather than a

paraneoplastic phenomenon. Therefore, gastric CSH seems to

be more significant than RBG in terms of its association with
Frontiers in Oncology 04
lymphoproliferative diseases. In addition, the differential

diagnosis of CSH may include various diseases characterized

by the aggregation of large eosinophilic tumor cells (adult

rhabdomyoma, granular cell tumor, and oncocytic neoplasms)

or histiocytic aggregation (Langerhans cell histiocytosis, fibrous

histiocytoma, xanthogranuloma, Gaucher’s disease, and

mycobacterial or fungal infection) (1–3, 6). CSH is rare and

under-recognized thus may be easily misdiagnosed. In low-

power image, CSH is characterized by polygonal or spindle-

shaped tissue cells that contain abundant eosinophilic

cytoplasm. In the high-power image, the refractile needle-like

crystal substance filled the cytoplasm. Immunohistochemical

analysis is helpful for differential diagnosis. In our case,

immunohistochemical staining for CD68 confirmed that the
TABLE 1 Clinical and pathological findings of previously published cases of gastric crystal-storing histiocytosis in English literature.

Year Study Sex/Age
(yr)

Endoscopic
finding

Helicobacter pylori
infection

Associated
neoplasm

Ig light
chain Follow-up

1999 Jones et al. (5) F/35 NS NS Thymic lymphoma Polyclonal Persist

2006 Stewart et al. (7) M/82 Gastritis Yes No Lambda
Died of an

unrelated cause

2006 Stewart et al. (7) M/81 Gastritis Yes No Insufficient
No symptoms or

lesions

2006 Stewart et al. (7) F/52 Erosion Yes No Lambda
No symptoms or

lesions

2007 Joo et al. (8) F/56 Polyps Yes No Polyclonal No residual lesion

2013 Yano et al. (9) F/55
Discoloration with

granularity
Yes No Polyclonal

Alive without
disease

2014 Vaid et al. (10) M/NS Discolored patch NS No Kappa No

2016
Kanagal-Shamanna

et al. (3)
M/43 Nodule NS MALT lymphoma Kappa

Alive without
disease

2016
Kanagal-Shamanna

et al. (3)
M/51 NS NS Multiple myeloma Lambda No

2018 Arnold et al. (6) NS†
Discoloration with

granularity
Yes MALT lymphoma Kappa Persist

2018 Arnold et al. (6) NS†
Discoloration with

granularity
Yes MALT lymphoma Kappa Persist

2018 Arnold et al. (6) NS†
Malignant-appearing

mass
No

Mantle cell
lymphoma

Lambda Died of lymphoma

2018 Arnold et al. (6) NS†
Malignant-appearing

mass
No DLBCL Kappa Died of lymphoma

2018 Fujita et al. (12) 72/F
diffuse granular

mucosa
No No Kappa

Alive without
disease

2020 Jooet al. (11) M/79 Ulcer, flat nodularity No MALT lymphoma Kappa No

2021 Bansal et al. (13) M/86
Forrest IIB gastric

ulcer
Yes DLBCL Lambda Persist

2022 Present case M/69
irregular whitish

focus
No No Kappa

No symptoms or
lesion

F, female; NS, not stated; M, male; MALT, mucosa-associated lymphoid tissue; DLBCL, diffuse large B cell lymphoma.
†Including two females and two males with ages ranging from 56 to 82 years.
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large pink cells were histiocytes. Electron microscopic

examination showed that numerous high-electron-density

particles were found in the cytoplasm of cells, with crystal

structures with different sizes and shapes, such as needles,

rectangles , polygons, and diamonds. S100 protein

immunohistochemical staining ruled out the possibility of a

granular cell tumor and Langerhans cell histiocytosis. Congo red

was used to exclude amyloidosis, and desmin, MSA, and

myogenin were used to exclude adult rhabdomyoma. CK was

used to rule out the possibility of metastatic cancer. The

definitive diagnosis was CSH.

At present, the pathogenesis of CSH is unclear and may

involve many factors, including immunoglobulin overproduction,

abnormal secretion, and impaired excretion. Immunoblotting,

amino acid sequencing, mass spectrometry, and gene mutation

study showed that the variable region of the Ig kappa light chain

was replaced by abnormal amino acids, and the sequence change

led to a change in the three-dimensional structure of

immunoglobulin, which promoted the formation of protein

crystals and resisted the degradation of lysosomes in tissue cells,

resulting in crystal accumulation. Hereditary or acquired tissue

cell processing defects (processing defects) and damage of enzyme

degradation of tissue cells result in the formation of Ig crystals (3,

18, 19). Among the 17 gastric CSH cases, eight were Kappa Ig light

chain cases (47.1%), five were lambda (29.4%), three were

polyclonal (17.6%), and one case of unknown (5.9%).

The shape, size, and staining characteristics of the crystals

were relatively constant in individual cases but varied widely

between cases. They can be small (2-4 mm) or large (>40 mm
long), rectangular, hexagonal, rhomboid, square, elliptical,

curved, or semilunar, and resemble intact or broken needles,

rods, spindles, prisms, pyramids, or double pyramids (20).

Crystal formation may be related to the unique structure of

the secreted immunoglobulin. The finding of cytoplasmic crystal

structures on electron microscope can further support the

diagnosis of CSH. In our case, numerous high-electron-density

particles were observed by electron microscopy in the cytoplasm

of cells, showing crystal structures with different sizes and

shapes, such as needles, rectangles, polygons, and diamonds.

In conclusion, we report a case of gastric CSH and

summarize the clinical and pathological features of gastric

CSH reported in English literature in recent years. This case

highlights how immunohistochemistry can help with differential

diagnosis and classification. Pathologists should know the

detailed histological features of CSH to avoid misdiagnosis,

and at the same time, they should be highly suspicious of the

existence of associated lymphoproliferative diseases. Once the

pathological diagnosis of CSH is made, it is necessary to follow

up the patients for potential lymphoproliferative diseases,

including detailed clinical history, serum and urine protein

examination, imaging examination, and bone marrow biopsy.
Frontiers in Oncology 05
The treatment and prognosis of patients with CSH vary

significantly depending on the associated disease.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding author.
Ethics statement

The studies involving human participants were reviewed and

approved by Ethics Committee of Beijing Chuiyangliu Hospital.

The patients/participants provided their written informed

consent to participate in this study.
Author contributions

LK, XL, LW, and YJ participated in the collection of the

clinical and pathological data. XZ and HX carried out HE and

immunohistochemical staining. YZ, SW, and DZ carried out

electron microscopy. LX carried out PCR analysis. LK, XL, and

LX evaluated the pathology of this case. LK conducted a

literature search and drafted this manuscript. All authors

contributed to the article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fonc.2022.1024971/full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.1024971/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1024971/full#supplementary-material
https://doi.org/10.3389/fonc.2022.1024971
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Kong et al. 10.3389/fonc.2022.1024971
References
1. Dogan S, Barnes L, Cruz-Vetrano WP. Crystal-storing histiocytosis: report of
a case, review of the literature (80 cases) and a proposed classification. Head Neck
Pathol (2012) 6(1):111–20. doi: 10.1007/s12105-011-0326-3

2. Fang H, Chiu A, Reichard KK. Crystal-storing histiocytosis in bone marrow:
A clinicopathologic study of eight cases and review of the literature. Am J Clin
Pathol (2018) 149(2):148–63. doi: 10.1093/ajcp/aqx150

3. Kanagal-Shamanna R, Xu-Monette ZY, Miranda RN, Dogan A, Zou D,
Luthra R, et al. Crystal-storing histiocytosis: a clinicopathological study of 13 cases.
Histopathology (2016) 68(4):482–91. doi: 10.1111/his.12768

4. Rossi G, De Rosa N, Cavazza A, Mengoli MC, Della Casa G, Nannini N, et al.
Localized pleuropulmonary crystal-storing histiocytosis: 5 cases of a rare histiocytic
disorder with variable clinicoradiologic features. Am J Surg Pathol (2013) 37
(6):906–12. doi: 10.1097/PAS.0b013e31827b1618

5. Jones D, Bhatia VK, Krausz T, Pinkus GS. Crystal-storing histiocytosis: a
disorder occurring in plasmacytic tumors expressing immunoglobulin kappa light
chain. Hum Pathol (1999) 30(12):1441–8. doi: 10.1016/s0046-8177(99)90166-1

6. Arnold CA, Frankel WL, Guo L, Krishnan C, Pfeil S, Schumacher M, et al.
Crystal-storing histiocytosis in the stomach: A clue to subtle hematolymphoid
malignancies. Am J Surg Pathol (2018) 42(10):1317–24. doi: 10.1097/
pas.0000000000001097

7. Stewart CJ, Spagnolo DV. Crystalline plasma cell inclusions in helicobacter-
associated gastritis. J Clin Pathol (2006) 59(8):851–4. doi: 10.1136/jcp.2005.033233

8. Joo M, Kwak JE, Chang SH, Kim H, Chi JG, Moon YS, et al. Localized gastric
crystal-storing histiocytosis. Histopathology (2007) 51(1):116–9. doi: 10.1111/
j.1365-2559.2007.02710.x

9. Yano Y, Nagahama T, Matsui T, Chuman K, Takeichi M, Hirai F, et al.
Gastric crystal-storing histiocytosis detected with asymptomatic sjögren’s
syndrome: report of a case and summary. Clin J Gastroenterol (2013) 6(3):237–
42. doi: 10.1007/s12328-013-0388-8

10. Vaid A, Caradine KD, Lai KK, Rego R. Isolated gastric crystal-storing
histiocytosis: a rare marker of occult lymphoproliferative disorders. J Clin Pathol
(2014) 67(8):740–1. doi: 10.1136/jclinpath-2014-202247
Frontiers in Oncology 06
11. Joo M, Kim NH. Gastric crystal-storing histiocytosis with concomitant
mucosa-associated lymphoid tissue lymphoma. J Pathol Trans Med (2020) 54
(4):332–5. doi: 10.4132/jptm.2020.04.20

12. Fujita Y, Oikawa H, Toya Y, Osakabe M, Uesugi N, Ishida K, et al. Gastric
crystal-storing histiocytosis without any underlying disorders: Report of a case.
Hum Pathol: Case Rep (2018) 14:73–7. doi: 10.1016/j.ehpc.2018.09.003

13. Bansal N, Puri P, Nagpal N, Naithani R, Gupta R. Lambda-restricted crystal-
storing histiocytosis of stomach: A case report and review of literature. Cureus
(2021) 13(5):e15009. doi: 10.7759/cureus.15009

14. Joo M. Rare gastric lesions associated with helicobacter pylori infection: A
histopathological review. J Pathol Trans Med (2017) 51(4):341–51. doi: 10.4132/
jptm.2017.04.03

15. Hasegawa H. Aggregates, crystals, gels, and amyloids: intracellular and
extracellular phenotypes at the crossroads of immunoglobulin physicochemical
property and cell physiology. Int J Cell Biol (2013) 2013:604867. doi: 10.1155/2013/
604867

16. Joo M. Gastric mucosa-associated lymphoid tissue lymphoma
masquerading as Russell body gastritis. Pathol Int (2015) 65(7):396–8.
doi: 10.1111/pin.12281

17. Altindag SD, Cakir E, Ekinci N, Avci A, Dilek FH. Analysis of clinical and
histopathological findings in Russell body gastritis and duodenitis. Ann Diagn
Pathol (2019) 40:66–71. doi: 10.1016/j.anndiagpath.2019.04.003

18. Lebeau A, Zeindl-Eberhart E, Müller EC, Müller-Höcker J, Jungblut PR,
Emmerich B, et al. 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(5):1817–27. doi: 10.1182/
blood.V100.5.1817.h81702001817_1817_1827

19. Orr BA, Gallia GL, Dogan A, Rodriguez FJ. IgA/kappa-restricted crystal
storing histiocytosis involving the central nervous system characterized by
proteomic analysis. Clin Neuropathol (2014) 33(1):23–8. doi: 10.5414/np300645

20. Kilic I, Picken MM, Velankar MM, Pambuccian SE. Bone marrow imprints
of crystal-storing histiocytosis. Diagn Cytopathol (2020) 48(3):244–52.
doi: 10.1002/dc.24363
frontiersin.org

https://doi.org/10.1007/s12105-011-0326-3
https://doi.org/10.1093/ajcp/aqx150
https://doi.org/10.1111/his.12768
https://doi.org/10.1097/PAS.0b013e31827b1618
https://doi.org/10.1016/s0046-8177(99)90166-1
https://doi.org/10.1097/pas.0000000000001097
https://doi.org/10.1097/pas.0000000000001097
https://doi.org/10.1136/jcp.2005.033233
https://doi.org/10.1111/j.1365-2559.2007.02710.x
https://doi.org/10.1111/j.1365-2559.2007.02710.x
https://doi.org/10.1007/s12328-013-0388-8
https://doi.org/10.1136/jclinpath-2014-202247
https://doi.org/10.4132/jptm.2020.04.20
https://doi.org/10.1016/j.ehpc.2018.09.003
https://doi.org/10.7759/cureus.15009
https://doi.org/10.4132/jptm.2017.04.03
https://doi.org/10.4132/jptm.2017.04.03
https://doi.org/10.1155/2013/604867
https://doi.org/10.1155/2013/604867
https://doi.org/10.1111/pin.12281
https://doi.org/10.1016/j.anndiagpath.2019.04.003
https://doi.org/10.1182/blood.V100.5.1817.h81702001817_1817_1827
https://doi.org/10.1182/blood.V100.5.1817.h81702001817_1817_1827
https://doi.org/10.5414/np300645
https://doi.org/10.1002/dc.24363
https://doi.org/10.3389/fonc.2022.1024971
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Crystal-storing histiocytosis in the stomach: A case report and review of the literature
	1 Introduction
	2 Case presentation
	3 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


