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Background: Primary hepatoid adenocarcinoma of the gallbladder is a relatively rare type
of extrahepatic adenocarcinoma. The genetic changes involved in this type of
adenocarcinoma were unexplained so far. We reported a rare case of primary hepatoid
adenocarcinoma of gallbladder with Mab-21 domain containing 2 (MB21D2), polypeptide
N-acetylgalactosaminyltransferase 12 (GALNT12), and AT-rich interaction domain 2
(ARID2) mutations, which was confirmed after surgical resection pathologically.

Case Summary: A 69-year-old female with distention of hypogastrium and constipation
received enema treatment, but ineffectively. No abnormalities were found on relevant
physical examination. Then, the CT and MRI demonstrated a 3.3–4-cm soft tissue mass
shadow in the neck of the gallbladder. The primary lesions consisted of two components:
high-grade intraepithelial neoplasia of glands and hepatoid glands microscopically after
laparoscope cholecystectomy. Immunohistochemical staining showed the sameness and
difference of the two areas. Furthermore, tumor mutational burden (TMB) shows that the
MB21D2, GALNT12, and ARID2 genes were mutated.

Conclusion: This is the first report of primary hepatoid adenocarcinoma of the gallbladder
with MB21D2, GALNT12, and ARID2 mutations. This will provide a theoretical basis for
genetic changes in rare tumors.

Keywords: hepatoid adenocarcinoma, gallbladder, TMB, case report, immunocytochemistry
INTRODUCTION

Hepatoid adenocarcinoma (HAC) is a very rare extrahepatic tumor which originates in the
gastrointestinal tract and morphologically and functionally resembles hepatocellular carcinoma
(HCC) (1). HAC could arise in the lung (2), stomach (3), uterine cervix (4), colon (5), bladder
cancers (6), etc. Primary HAC of the gallbladder is a relatively rare type of extrahepatic
Abbreviations: HAC, hepatoid adenocarcinoma; HCC, hepatocellular carcinoma; NCBI, National Center for Biotechnology
Information; CT, computed tomography; MRI, magnetic resonance imaging; MB21D2, Mab-21 domain containing 2;
GALNT12, polypeptide N-acetylgalactosaminyltransferase 12; ARID2, AT-rich interaction domain 2; AFP, alpha-
fetoprotein; MUC1: Mucin core proteins 1; Hep par-1, hepatocyte paraffin 1; CK, cytokeratin; TMB, tumor mutational
burden; MSI, microsatellite instability.

n.org January 2022 | Volume 12 | Article 7911531

https://www.frontiersin.org/articles/10.3389/fendo.2021.791153/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.791153/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.791153/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.791153/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:xiaojue_cq@163.com
mailto:xiaoyu136948@163.com
https://orcid.org/0000-0002-0062-8776
https://orcid.org/0000-0002-6121-3195
https://doi.org/10.3389/fendo.2021.791153
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2021.791153
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2021.791153&domain=pdf&date_stamp=2022-01-03


Li et al. HAC With Gene Mutations
adenocarcinoma. To our knowledge, only 27 relevant studies
about HAC of the gallbladder have been published in the
National Center for Biotechnology Information (NCBI)
database so far, and these mostly focus on pathologic findings
since first authoritatively introduced in 1995 (7). Genetic
detection is not only crucial to the diagnosis for malignant
tumors but also used to assess the prognosis in gallbladder
cancers (8, 9). No research on genetic changes in HAC of the
gallbladder has been reported so far. Here, we used a tumor
mutational burden (TMB) of 688 genes detected by MGISEQ-
2000 of Beijing Genomics Institute as a support to explore the
genetic changes after histology and immunohistochemistry and
reported a unique primary HAC of the gallbladder with
MB21D2, GALNT12, and ARID2 mutations.
CASE DESCRIPTION

This is a Chinese case of a 69-year-old female who noticed
distention of the hypogastrium accompanied by constipation 20
days ago. No pain, nausea, vomiting, fever, oppression in the
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chest, jaundice, and bloody stool were found during the period,
and she went to the local hospital and received enema treatment.
However, distention of the hypogastrium still existed. There were
no liver palms, spider-burst, superficial lymph node
enlargement, tenderness, rebound tenderness, masses, fluid
thrill, shifting dullness, hepatojugular reflux, and pathological
reflex on relevant physical examination. The patient denied
familial genetic, alcohol abuse, hepatitis, hepatic cirrhosis,
psychosocial and exposure to radiation, and toxin history.
Furthermore, she was examined in line with the care checklist,
as shown in Supplementary Figure 1.

Laboratory tests of the tumor biomarkers (alpha-fetoprotein
(AFP), CEA, CA125, CA199, CA153), liver function (ALT, AST,
TP, ALB, GLB, TBIL, DBIL, IBIL), and lipid index (TG, TC,
HDL-C, LDL-C) of serum were normal.

She was admitted and underwent abdominal computed
tomography (CT), which demonstrated a 3.3–4-cm soft tissue
mass shadow in the neck of the gallbladder which was significantly
enhanced on enhanced scan with an unclear boundary to the
duodenum and head of pancreas (Figures 1A, B). Unclear cystic
duct, dilation of the common bile duct, and bile ducts inside and
FIGURE 1 | (A) The image exhibited with CT. (B) The image of enhanced CT. (C) Porta hepatis lymph node enlargement by enhanced CT. (D) The image of MRI.
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outside the liver were shown. No dilation of the pancreatic duct or
definite abnormality of the liver was detected. Porta hepatis lymph
node enlargement was also observed (Figure 1C). Magnetic
resonance imaging (MRI) also showed gallbladder neck mass
(Figure 1D). Therefore, a gallbladder carcinoma was suspected
and laparoscope cholecystectomy was performed.

The mass was about 3.8 × 3.5 × 1 cm3 in size on the gallbladder
wall (Figure 2A). The primary lesions consisted of two
components: high-grade intraepithelial neoplasia of glands
(Figure 2B) and hepatoid glands (Figure 2C). The tumor cells
were cuboidal or polygonal with abundant eosinophilic granular
hepatocyte-like neoplastic cells, and the nucleus was large and
ovoid; moreover, one to two nucleoli were also shown in the area of
the hepatoid component. The lymph node around the gallbladder
had been invaded by the hepatoid tumor cells (Figure 2D).

Immunohistochemical staining shows positiveness of
glypican-3 and MUC-1 of high-grade intraepithelial neoplasia
of glands, but negativeness or weak positiveness in the hepatoid
glands (Figures 3A, B). Hepatocyte paraffin 1 (Hep par-1)
showed contrasting results (Figure 3C). AFP, arginase-1, and
Sall-4 were all negative (Figures 3D–F), and P53 was strongly
positive (Figure 3G). The Ki-67 index in hepatoid glands was
much stronger than that of other areas (Figure 3H). Besides,
positiveness of CK-pan, CK7, CK8, CK18, and CK19 and
negativeness of CK20 were also detected.

TMB of 688 genes detected by MGISEQ-2000 of Beijing
Genomics Institute (BGI, Shenzhen, China) was used in the
case. The MB21D2 gene showed Exon 2E p.Q311E (c.931C >
Frontiers in Endocrinology | www.frontiersin.org 3
G) mutation, and abundance of mutation was 10.5%. The
GALNT12 gene revealed Exon 1 p.L133Q (c.338T > A)
mutation, and abundance of mutation was 13.56%. The ARID2
gene indicated Exon 10 p.L381V (c.1141C > G) mutation, and
abundance of mutation was 11.47% (Table 1). No microsatellite
instability (MSI) and germline mutation were detected. Finally, we
made the diagnosis of primary hepatoid adenocarcinoma of the
gallbladder with MB21D2, GALNT12, and ARID2 mutations.

The patient remained under careful observation by radiological
and ultrasonic examination, and there was no visceral metastasis in
the 5-month follow-up. The patient got an appropriate perspective
including the assessment and the episode of care in every month,
such as ultrasound examination, rehabilitation training, dietary
guidance, regular physical examination, and mental status
assessment. The patient healed well, and the distention of
hypogastrium disappeared. No adverse or unanticipated events
and symptoms in physical examination happened during the period.
DISCUSSION

HAC is defined as a relatively rare tumor consisting of
adenocarcinoma admixed with foci of the tumor resembling
mature and neoplastic hepatocyte which is proposed as a specific
subtype with poor prognosis (10). In our case, the primary
lesions consisted of high-grade intraepithelial neoplasia of
glands and hepatoid glands. Besides, the lymph node around
the gallbladder had been invaded by the hepatoid tumor cells.
FIGURE 2 | (A) The mass was shown microscopically (×5). (B) High-grade intraepithelial neoplasia of glands (×100). (C) Hepatoid glands (×100). (D) Porta hepatis
lymph node (×10).
January 2022 | Volume 12 | Article 791153
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No special differentiation, such as squamous differentiation of
the tumor cells, was detected as in the previous report (11). The
morphology of the invaded tumor cells in the lymph node was
hepatoid glands, so we first preferred the diagnosis of HAC of
the gallbladder.

In this case, CT and MRI revealed that the tumor spanned
beyond the neck of the gallbladder. The patient was tested with a
normal level of AFP and had no history of alcohol abuse, hepatitis,
or hepatic cirrhosis, and thus, prior to liver function, radiologic, and
surgery findings, we considered it possible that the origin of this
tumor was the gallbladder. Patients with HAC always have
markedly elevated circulating levels of AFP (7), although normal
levels of AFP have also been reported (11–13). In our case, the
serum AFP was also associated with a normal level, and the
immunohistochemical staining of AFP was negative at the same
time. It reminded that AFP positivity is not necessarily diagnostic of
HAC, because of the uncertain AFP overproduction.

Immunohistochemical staining results also supported the
HAC. In our case, in the hepatoid gland area, we found
negativeness of glypican-3 and Sall-4. A report indicated that
glypican-3 and Sall-4 were approximately 87.5% and 93.8%
positive in HAC, respectively (14), which meant that glypican-3
and Sall-4 could be negative or dedifferentiation had occurred in
the hepatoid glands. This was the strange immunophenotype in
this case. Arginase-1 is a novel sensitive and specific marker for
HCC, but not for HAC (15), so it was negative in our case. Mucin
core protein 1 (MUC1) is expressed in the benign and malignant
lesions of the gallbladder and closely related to the carcinogenesis
Frontiers in Endocrinology | www.frontiersin.org 4
of gallbladder adenocarcinoma (16). In our case, MUC-1 was
positive in high-grade intraepithelial neoplasia of glands, but
weakly positive in hepatoid glands. Thus, the transitional zone
of two components of tumor cells was morphological, so we were
more certain that the origin of this tumor was the gallbladder.

The ErbB signaling pathway was related to somatic mutational
landscape in gallbladder carcinoma including TP53, KRAS, and
ERBB3 (17). However, studies available in literature do not clearly
define the molecular genetic mechanisms involved in the
pathogenesis of gallbladder carcinoma, including HAC (18).
However, in this case, we found the mutations of MB21D2,
GALNT12, and ARID2 genes.

MB21D2, as a novel cancer gene, which belongs to an
intracellular cadherin binder, is found to harbor Q311E
recurrent mutation and to be overexpressed in head and neck
cancer and involved in cellular processes, including cell survival,
proliferation, and migration (19). MB21D2 is also frequently
mutated in lung cancers involved in tumor suppression and
cancer resistance (20). MB21D2 mutation is not found in HAC
of the gallbladder ever. Unfortunately, we do not know how the
MB21D2 mutation will affect this patient.

GALNT12 is a strong candidate colorectal cancer-susceptibility
gene given previous linkage and association studies, inactivating
somatic and germline alleles in colorectal cancer patients (21).
GALNT12 was also associated with follicular lymphoma,
endometrioid endometrial carcinoma, and B-cell non-Hodgkin’s
lymphoma (22–24). The involvement of GALNT12 in HAC of
gallbladder is also not clear yet and is needed for further research.
TABLE 1 | Somatic cell variation bt TMB.

Gene Name Detection Result Gene Subregion Transcript ID Abundance of Mutation Variation Level

MB21D2 Exon 2E p.Q311E (c.931C > G) NM_178496.3 10.5% II
GALNT12 Exon 1 p.L133Q (c.338T > A) NM_024642.4 13.56% III
ARID2 Exon 10 p.L381V (c.1141C > G) NM_152641.2 11.47% III
January 2022 | Volume 12
II, potential clinical significance; III, unclear clinical significance.
FIGURE 3 | Immunohistochemical staining (×40) of (A) Glypican-3, (B) MUC-1, (C) Hep par-1, (D) AFP, (E) Arginase-1, (F) Sall-4, (G) P53, and (H) Ki-67.
| Article 791153

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Li et al. HAC With Gene Mutations
ARID2 contributes to disruption of the DNA repair process,
resulting in susceptibility to carcinogens and potential
hypermutation in HCC (25), especially in the Asian race (26).
ARID2 mutants with a disrupted C2H2 domain lose the
metastasis suppressor function, exhibiting a positive
association with HCC metastasis and poor prognosis (27).
ARID2 defines some of the core-deregulated pathways in HCC
and will be an ideal biomarker for specific therapeutic decisions,
which is an unmet medical need in this field (28). The
morphology and function of HAC are similar to that of HCC
(29, 30), ARID2 mutation may provide a theoretical basis for
specific therapeutic approaches of HAC.

In this case, the challenges of the diagnosis included the rare
site of tumor, no obvious symptoms in physical examination,
variation of the immune phenotype by immunohistochemical
staining, etc. We needed to combine sufficient clinical
information, imaging, histological morphology, and multiple
immunohistochemical indicators to make the final diagnosis.

It is worth noting that the lymph node around the gallbladder
had been invaded, which reminded that distant metastasis may
occur again in the patient, so we recommend a close follow-up on
her. The strength of this case was the specific and rare genetic
changes which were firstly reported; unfortunately, we cannot
find specific targeted therapeutics for further treatment, and we
did not use first-generation sequencing of MB21D2, GALNT12,
and ARID2 genes to verify the TMB outcome, which were the
limitations of this case.

Besides, the patient remained under careful observation, got
an appropriate perspective in every month, and received no
adverse and unanticipated events after treatment. She felt
satisfied and appreciated for the treatment plan, prognosis, and
follow-up observation and, furthermore, would continue to be
followed up as prescribed. We will continue to monitor the
patient’s situation.

In summary, we presented an unusual and rare case of HAC
in the gallbladder with MB21D2, GALNT12, and ARID2
mutations, which was first reported. Although HAC has
Frontiers in Endocrinology | www.frontiersin.org 5
characteristic histological features, awareness is important for
its diagnosis and prognosis. Therefore, this case will provide a
theoretical basis for genetic changes in rare tumors.
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Adenocarcinoma of the Gallbladder. World J Surg Oncol (2011) 9:103.
doi: 10.1186/1477-7819-9-103

14. Fujimoto M, Matsuzaki I, Nishino M, Iwahashi Y, Warigaya K, Kojima F, et al.
HER2 Is Frequently Overexpressed in Hepatoid Adenocarcinoma and Gastric
Carcinoma With Enteroblastic Differentiation: A Comparison of 35 Cases to
334 Gastric Carcinomas of Other Histological Types. J Clin Pathol (2018) 71
(7):600–7. doi: 10.1136/jclinpath-2017-204928

15. Hu M, Liu W, Yin F, Zhang D, Liu X, Lai J. Liver Metastasis of Hepatoid
Colonic Adenocarcinoma: A Rare and Unusual Entity With Poor Prognosis
and Review of the Literature. Gastroenterol Res (2018) 11(6):430–5.
doi: 10.14740/gr1097

16. Xiong L, Yang Z, Yang L, Liu J, Miao X. Expressive Levels of MUC1 and
MUC5AC and Their Clinicopathologic Significances in the Benign and
Malignant Lesions of Gallbladder. J Surg Oncol (2012) 105(1):97–103.
doi: 10.1002/jso.22055

17. Li M, Zhang Z, Li X, Ye J, Wu X, Tan Z, et al. Whole-Exome and Targeted
Gene Sequencing of Gallbladder Carcinoma Identifies Recurrent Mutations in
the ErbB Pathway. Nat Genet (2014) 46(8):872–6. doi: 10.1038/ng.3030

18. Maurya SK, Tewari M,Mishra RR, Shukla HS. Genetic Aberrations in Gallbladder
Cancer. Surg Oncol (2012) 21(1):37–43. doi: 10.1016/j.suronc.2010.09.003

19. Gracilla DE, Korla PK, Lai MT, Chiang AJ, Liou WS, Sheu JJ. Overexpression
of Wild Type or a Q311E Mutant MB21D2 Promotes a Pro-Oncogenic
Phenotype in HNSCC. Mol Oncol (2020) 14(12):3065–82. doi: 10.1002/
1878-0261.12806

20. Campbell JD, Alexandrov A, Kim J, Wala J, Berger AH, Pedamallu CS, et al.
Distinct Patterns of Somatic Genome Alterations in Lung Adenocarcinomas
and Squamous Cell Carcinomas. Nat Genet (2016) 48(6):607–16. doi: 10.1038/
ng.3564

21. Evans DR, Venkitachalam S, Revoredo L, Dohey AT, Clarke E, Pennell JJ, et al.
Evidence for GALNT12 as a Moderate Penetrance Gene for Colorectal
Cancer. Hum Mutat (2018) 39(8):1092–101. doi: 10.1002/humu.23549

22. Gibson TM, Wang SS, Cerhan JR, Maurer MJ, Hartge P, Habermann TM,
et al. Inherited Genetic Variation and Overall Survival Following Follicular
Lymphoma. Am J Hematol (2012) 87(7):724–6. doi: 10.1002/ajh.23184

23. Wang Y, Yu M, Yang JX, Cao DY, Zhang Y, Zhou HM, et al. Genomic
Comparison of Endometrioid Endometrial Carcinoma and Its Precancerous
Lesions in Chinese Patients by High-Depth Next Generation Sequencing.
Front Oncol (2019) 9:123. doi: 10.3389/fonc.2019.00123

24. Nielsen KR, Steffensen R, Bendtsen MD, Rodrigo-Domingo M, Baech J,
Haunstrup TM, et al. Inherited Inflammatory Response Genes Are
Frontiers in Endocrinology | www.frontiersin.org 6
Associated With B-Cell Non-Hodgkin’s Lymphoma Risk and Survival. PloS
One (2015) 10(10):e0139329. doi: 10.1371/journal.pone.0139329

25. Oba A, Shimada S, Akiyama Y, Nishikawaji T, Mogushi K, Ito H, et al. ARID2
Modulates DNA Damage Response in Human Hepatocellular Carcinoma
Cells. J Hepatol (2017) 66(5):942–51. doi: 10.1016/j.jhep.2016.12.026

26. Chaisaingmongkol J, Budhu A, Dang H, Rabibhadana S, Pupacdi B, Kwon
SM, et al. Common Molecular Subtypes Among Asian Hepatocellular
Carcinoma and Cholangiocarcinoma. Cancer Cell (2017) 32(1):57–70.e3.
doi: 10.1016/j.ccell.2017.05.009

27. Jiang H, Cao HJ, Ma N, Bao WD, Wang JJ, Chen TW, et al. Chromatin
Remodeling Factor ARID2 Suppresses Hepatocellular Carcinoma Metastasis
via DNMT1-Snail Axis. Proc Natl Acad Sci USA (2020) 117(9):4770–80.
doi: 10.1073/pnas.1914937117

28. Zucman-Rossi J, Villanueva A, Nault JC, Llovet JM. Genetic Landscape and
Biomarkers of Hepatocellular Carcinoma. Gastroenterology (2015) 149
(5):1226–39.e4. doi: 10.1053/j.gastro.2015.05.061

29. Terracciano LM, Glatz K, Mhawech P, Vasei M, Lehmann FS, Vecchione R,
et al. Hepatoid Adenocarcinoma With Liver Metastasis Mimicking
Hepatocellular Carcinoma: An Immunohistochemical and Molecular Study
of Eight Cases. Am J Surg Pathol (2003) 27(10):1302–12. doi: 10.1097/
00000478-200310000-00002

30. Su JS, Chen YT, Wang RC, Wu CY, Lee SW, Lee TY. Clinicopathological
Characteristics in the Differential Diagnosis of Hepatoid Adenocarcinoma: A
Literature Review. World J Gastroenterol (2013) 19(3):321–7. doi: 10.3748/
wjg.v19.i3.321
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.

Copyright © 2022 Li, Jiang, Chen, Xiao and Xiao. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
January 2022 | Volume 12 | Article 791153

https://doi.org/10.1111/j.1440-1827.2004.01578.x
https://doi.org/10.1111/j.1440-1827.2004.01578.x
https://doi.org/10.1186/1477-7819-9-103
https://doi.org/10.1136/jclinpath-2017-204928
https://doi.org/10.14740/gr1097
https://doi.org/10.1002/jso.22055
https://doi.org/10.1038/ng.3030
https://doi.org/10.1016/j.suronc.2010.09.003
https://doi.org/10.1002/1878-0261.12806
https://doi.org/10.1002/1878-0261.12806
https://doi.org/10.1038/ng.3564
https://doi.org/10.1038/ng.3564
https://doi.org/10.1002/humu.23549
https://doi.org/10.1002/ajh.23184
https://doi.org/10.3389/fonc.2019.00123
https://doi.org/10.1371/journal.pone.0139329
https://doi.org/10.1016/j.jhep.2016.12.026
https://doi.org/10.1016/j.ccell.2017.05.009
https://doi.org/10.1073/pnas.1914937117
https://doi.org/10.1053/j.gastro.2015.05.061
https://doi.org/10.1097/00000478-200310000-00002
https://doi.org/10.1097/00000478-200310000-00002
https://doi.org/10.3748/wjg.v19.i3.321
https://doi.org/10.3748/wjg.v19.i3.321
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Primary Hepatoid Adenocarcinoma of Gallbladder With MB21D2/GALNT12/ARID2 Mutations: A Case Report
	Introduction
	Case Description
	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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


