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To Be or Not IIb: A Multi-Step Process for
Epstein-Barr Virus Latency Establishment and
Consequences for B Cell Tumorigenesis

Alexander M. Price, Micah A. Luftig

Department of Molecular Genetics and Microbiology, Duke Center for Virology, Duke University Medical
Center, Durham, North Carolina, United States of America

Epstein-Barr virus (EBV), a y-herpesvirus, was the first human tumor virus discovered fifty
years ago in endemic Burkitt lymphoma [1]. Surprisingly, EBV was subsequently recognized to
be a ubiquitous virus infecting greater than 90% of adults worldwide. In healthy children, pri-
mary EBV infection is typically asymptomatic because of a robust T cell immune response.
However, infection during adolescence or later can result in infectious mononucleosis. Regard-
less of the severity of primary infection, EBV establishes a lifelong latent infection in the pe-
ripheral blood memory B cell compartment [2]. Immune suppression, genetic predisposition,
or environmental factors can all serve to promote EBV-driven tumors, which are primarily of
B cell, but also of epithelial and NK or T cell origin.

Early studies demonstrated that EBV infection in vitro transformed resting B cells into im-
mortalized lymphoblastoid cell lines (LCL), providing a strong link to EBV-associated B cell
cancers [3,4]. These pioneering studies stimulated intense investigation over the ensuing de-
cades into the viral requirements and temporal cascade of gene expression triggering physio-
logical cell changes associated with B cell proliferation and survival. The model that emerged
indicates that B cell transformation in vitro is a latent infection including expression of a dis-
crete set of nine proteins and many noncoding RNAs collectively called Latency III [2]. In this
model, all of the Latency III gene products are expressed prior to the first cell division in the ab-
sence of lytic virus replication. However, this in vitro model does not account for the viral gene
expression programs found in most EBV-positive B cell tumors or in the B cell compartment
in vivo following natural infection. Moreover, a recent resurgence in studies of the earliest
events following B cell infection combined with an appreciation of the heterogeneity of EBV la-
tent gene expression during natural infection and in tumors provides the rationale for revisit-
ing how this ubiquitous virus establishes latency and causes B cell malignancies.

Early B cell infection: Prelatency, the Epstein-Barr Nuclear Antigen
(EBNA) transcriptional unit, and induction of proliferation

The initial events following EBV entry into B cells include deposition of the viral DNA into the
nucleus and circularization of the linear genome followed by chromatinization and initial viral
latent gene expression [2]. Recent work has refined these earlier studies to define a period after
infection, but before cell division, of promiscuous viral gene expression where many lytic cycle
mRNAs are produced in the absence of lytic DNA replication [5-8]. This transient burst of
lytic gene expression is concomitant with transcription from the initial EBV latency promoter,
the W promoter (Wp), to produce the first so-called latency associated proteins [9]. Together,
this period of gene expression before cell division and up to the very first cell division is called
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the prelatent phase (Fig. 1). As the lytic mRNAs wane, the viral Epstein-Barr Nuclear Antigen
2 (EBNA2) and EBNA-LP proteins accumulate and directly activate the major upstream EBV
latency C promoter (Cp) at ~48-72 hours postinfection [10]. Prior to the first cell division, at
approximately 84 hours postinfection, the viral EBNA3A, 3B, 3C, and EBNA1 proteins are all
expressed [10,11]. EBN'A3s antagonize tumor suppressors while EBNALI facilitates EBV ge-
nome replication and persistence. Concomitant with EBNA expression, viral BART and
BHRF1 miRNAs are expressed as well as the pol III-driven short noncoding EBER RNAs [2].
Recently, it has become appreciated that the viral BCL-2 homolog, BHRF1, is expressed and
peaks upon initial infection and is then continuously expressed at low levels from Wp through
long-term outgrowth [12].

The first four cell divisions following infection are fast, on the order of 8-12 hours per cycle
[11]. This rapid cycling mimics the behavior of centroblasts of the germinal center (GC). As a
consequence of this rapid proliferation, EBV-infected blasts are susceptible to growth arrest
due to a hyperproliferation-associated DNA damage response [11,13]. Infected cells that atten-
uate their proliferation rate will become immortalized in vitro. Interestingly, these early-
infected cells express all of the EBNA proteins, but only minimally express the latent mem-
brane proteins, or LMPs, 1, 2A, and 2B [14]. This cell state has been referred to as Latency IIb
and may represent a clinically relevant feature of EBV-associated lymphomas as will be
addressed below.

Viral Gene Expression:

Noncoding RNA: Noncoding RNA: Noncoding RNA: Noncoding RNA: Noncoding RNA:
EBERs EBERs EBERSs EBERs EBERs
BHRF1 miRNAs BHRF1 miRNAs BHRF1 miRNAs BART miRNAs BART miRNAs
BART miRNAs BART miRNAs BART miRNAs
mRNAs: mRNAs: mRNAs: mRNAs: mRNAs:
EBNA-LP EBNA-LP EBNA-LP EBNA1 EBNA1
EBNA2 EBNA2 EBNA2 LMP1
Wp-BHRF1 (vBcl2) EBNA3s EBNA3s LMP2A

EBNA1 EBNA1 LMP2B
Restricted Lytic Genes: Wp-BHRF1 (vBcl2) LMP1
(e.g., ZTA, RTA, vBcl2, vIL10) LMP2A

LMP2B

Wp-BHRF1 (vBcl2)

Fig 1. EBV latency gene expression in different latency states. This figure depicts, from left to right, the theoretical progression of EBV latency gene
expression from initial infection to true latency. The EBV genome is shown in episomal form closed at the terminal repeats (TR). Promoters are shown as
white boxes and include the EBNA promoters Cp, Wp, and Qp as well as the bidirectional LMPp. Primary mRNA transcripts are shown as dotted lines, while
coding regions have been simplified as colored boxes. An expanded list of viral genes expressed in each latency state is listed directly underneath the
representative schematic.

doi:10.1371/journal.ppat.1004656.9001
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Transition to Latency lll: Expression of the viral EBNAs and LMPs
in LCLs in vitro and lymphomas in the setting of immune
suppression

The full Latency III viral gene expression program, also known as the growth program, is char-
acterized by the expression of all of the EBNAs as well as the LMPs (Fig. 1). The least restrictive
of all the latency states, Latency III is observed in LCLs generated in vitro and in lymphomas in
the setting of immune suppression, such as post-transplant or HIV/AIDS [2]. Latency III cells
are characterized by high activity of the host NFxB pathway, which is primarily imparted by
the viral LMP1 protein, a constitutively active mimic of the host CD40 costimulatory molecule
[15]. LCLs and Latency III-expressing EBV lymphomas depend on high levels of NF«B activity
for their survival [16,17]. Given that LMP1-induced NF«B activity is low during the first two
weeks after infection [8,14], how these early-infected cells survive is an important unresolved
question in the field of EBV biology.

Despite the canonical role for LMP1 in promoting survival, high level expression of LMP1
and NF«B activity might be deleterious to infected lymphoblasts in vivo. In Burkitt lympho-
ma, it was discovered that high levels of c-Myc transcriptional activity and a lack of NFxB
imposed a nonimmunogenic phenotype due to low levels of major histocompatibility com-
plex (MHC) class I expression and antigen presentation [18]. Furthermore, high levels of
MHC class I-restricted immunogenicity was restored when c-Myc was attenuated and the
cellular growth phenotype was converted to Latency III (i.e., high NFxB) [18]. Consistent
with this dichotomy, Latency III gene expression in EBV-infected cells in vivo is mostly ob-
served in settings of T cell immune suppression such as following organ transplant or HIV/
AIDS [2,17].

Restricted EBV Latency lla in germinal centers and Hodgkin
lymphoma

While the progression of EBV latent infection in vitro culminates with a Latency III-expressing
LCL, in vivo the establishment of latency is likely to proceed through a more complex route. It
is known that EBV-infected cells express Latency III proteins at some point during natural in-
fection, because EBV-specific cytotoxic T lymphocytes (CTLs) recognize immunodominant
epitopes found in the EBNA3s [19]. Indeed, it is likely selective pressure from EBV-specific
CTLs, in part, that promotes the transition from Latency III to more restricted forms of latency.
Latency ITa has been detected in GC cells of healthy individuals as well as in EBV-positive
Hodgkin lymphoma [20]. This form of latency is characterized by the lack of EBNA expression
from Cp or Wp, retained expression of LMP1 and LMP2A, the expression of EBNAI from a
unique promoter (Qp), and the expression of EBER RNAs and BART miRNAs (Fig. 1). Pre-
cisely how the transition to this restricted latency state occurs is not well understood. However,
recent work implicates T cell secreted cytokines, including IL-21, in down-regulation of Cp
and EBNA expression [21].

Latency Ila-expressing cells are also thought to be precursors of EBV-associated Hodgkin
lymphomas. These tumors often contain crippled immunoglobulin genes, which are likely to
have been rescued through the mimicry of CD40 and B cell Receptor (BCR) signaling by
LMP1 and LMP2A, respectively [22]. During natural infection, the LMP-mediated
survival of GC B cells may promote entry into the mature memory pool in the periphery.
However, whether antigen-driven BCR signaling is required for this process remains to
be determined.
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True latency: Latency 0/l in resting memory B cells and Burkitt
lymphoma

In vivo, the major pool of EBV latently-infected B cells are resting, peripheral blood class-
switched memory cells [23]. No viral proteins are expressed in these cells (Latency 0) except
during cell division, when EBNA1 is expressed from Qp (Latency I) (Fig. 1). Interestingly, EBV
ncRNAs including EBERs and BART miRNAs are expressed in these cells [2]. Therefore, these
cells are poorly recognized by the T cell immune response. It is unclear what regulates viral
gene expression in these truly latent cells; perhaps the lack of proliferation-associated tran-
scription factors prevents activation of the EBNA and LMP promoters. The post-GC ontogeny,
poor immunogenicity, and restricted latent gene expression of these cells are also reflected in
EBV-associated Burkitt lymphomas.

The prevalence and newly appreciated importance of Latency llb
(EBNA+/LMP-) during latency establishment and in tumors

Latency IIb is a form of latency that was first observed following primary infection of B cells de-
rived from patients with chronic lymphocytic leukemia [24]. It was named Latency IIb by Eva
Klein because the EBNA2+/LMP1- gene expression phenotype is directly opposite of the
EBNA2-/LMP1+ phenotype observed in Latency Ila [25]. Recent work has demonstrated that
this latent gene expression state is also observed after EBV infects peripheral blood B cells and
lasts for approximately two weeks before transitioning to the full Latency III state found in
LCLs [14].

A subset of EBV-associated malignancies including HIV-associated lymphomas and post-
transplant lymphomas display heterogeneous expression of Latency IIb in addition to Latency
III [17,25-27]. These findings are based on single cell analysis of tumor sections using immuno-
histochemistry and contrast the dogma based upon bulk expression analysis that characterized
these malignancies as Latency III [2]. These single cell data, coupled with the aforementioned
finding of Latency IIb during early primary B cell infection suggests that this form of latency
may contribute to EBV pathogenesis [14,25]. Indeed, heterogeneous expression of Latency IIb
with other latency types was also observed in tonsils of acute infectious mononucleosis (IM) pa-
tients [28]. A summary of latency types observed in EBV-infected B cells in vitro and in vivo is
presented as Fig. 2.

The prevalence of cells expressing Latency IIb within tumors is hypothesized to be due to
the highly immunogenic state conferred by LMP1 within Latency III. Indeed, in humanized
mouse model systems of EBV infection with functional adaptive responses, the ability of T
cells to specifically kill EBV-infected B cells selects for Latency IIb-expressing tumors [29]. In
recent cell line studies, Latency III-expressing LCLs were found to cycle through a wide range
of expression of LMP1, which correlated with MHC I surface levels such that only cells ex-
pressing the highest amount of LMP1, and consequently MHC I, were efficiently killed by
CTLs [30]. These data beg the important question of whether the LMP1-MHC I connection is
also observed in vivo; will tumor cells displaying a Latency III expression pattern be killed by
CTLs while those displaying a Latency IIb program be spared? A related question is whether
CD4+ T cells or NK cells might play a more important role in controlling Latency IIb express-
ing cells in vivo. The answers to these questions will be critical for defining the mechanisms of
EBV latency establishment and B cell tumorigenesis in the immunodeficient and the immuno-
competent host.
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Morphology:

Latency Type: I ITb I11

EBNA1: + + +

EBNAs: - + + -
LMPs: - - + +
Abundance in Malignancy:

Day 7 PI: 0% >95% 0% 0%
LCL: 0% 0% >95% 0%
PTLD: 10% 50% 20% 20%
HIV-Lymphoma: 5% 75% 15% 5%
IM (Tonsils): 10% 50% 15% 25%
Hodgkin’s lymphoma: 0% 0% 0% >95%
Burkitt's lymphoma™: 85% 0% 0% 0%

Fig 2. EBV latency types found in EBV-driven malignancies. Cell morphology (including cellular size and classic Reed—Sternberg-like nuclear
morphology in the case of Latency lla cells) that is associated with various EBV latency types is depicted. In heterogeneous malignancies, the relative
percentage of cells displaying each latency type as shown by tumor cross-sections and immunohistochemistry are shown below (Relevant citations: Day 7
post infection [14], Post-Transplant Lymphoproliferative Disease (PTLD) [26,27], HIV-Lymphoma [26], IM [28], all others [2]). *Of note, approximately 15% of
Burkitt lymphomas carry a mutant EBV genome containing a deleted EBNA2 gene, resulting in expression of the EBNA3s and Wp-BHRF1 (vBcl2), as well as

EBNA1.

doi:10.1371/journal.ppat.1004656.9002

Acknowledgments

The authors would like to thank all the members of the Luftig laboratory for helpful discussion
and critical reading of this manuscript. Special thanks are due to Amy Hafez for her wit and in-

genuity in title creation.

References

1. Epstein M, Achong B, Barr Y (1964) Virus particles in cultured lymphoblasts from Burkitt's lymphoma.
Lancet 28: 702-703.

2. Longnecker RM, Kieff E, Cohen JI (2013) Epstein-Barr virus In: Knipe DM, Howley PM, editors. Fields
Virology. 6th ed. Philadelphia: Lippincott, Williams, and Wilkins. pp. 1898—1959.

3. Henle W, Diehl V, Kohn G, Zur Hausen H, Henle G (1967) Herpes-type virus and chromosome marker
in normal leukocytes after growth with irradiated Burkitt cells. Science 157: 1064—1065. PMID:
6036237

4. PopeJH, M., and Scott W. (1968) Transformation of huiman foetal leukocytes in vitro by filtrates of a
human leukaemic line containing Herpes-like virus. International Journal of Cancer 3: 857-866. PMID:
4894385

5. Halder S, Murakami M, Verma SC, Kumar P, Yi F, et al. (2009) Early events associated with infection of
Epstein-Barr virus infection of primary B-cells. PLoS One 4: e7214. doi: 10.1371/journal.pone.0007214
PMID: 19784370

6. Wen W, Iwakiri D, Yamamoto K, Maruo S, Kanda T, et al. (2007) Epstein-Barr virus BZLF1 gene, a
switch from latency to lytic infection, is expressed as an immediate-early gene after primary infection of
B lymphocytes. Journal of Virology 81: 1037-1042. PMID: 17079287

PLOS Pathogens | DOI:10.1371/journal.ppat.1004656 March 19, 2015 5/7


http://www.ncbi.nlm.nih.gov/pubmed/6036237
http://www.ncbi.nlm.nih.gov/pubmed/4894385
http://dx.doi.org/10.1371/journal.pone.0007214
http://www.ncbi.nlm.nih.gov/pubmed/19784370
http://www.ncbi.nlm.nih.gov/pubmed/17079287

@’PLOS | PATHOGENS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

Altmann M, Hammerschmidt W (2005) Epstein-Barr virus provides a new paradigm: a requirement for
the immediate inhibition of apoptosis. PLoS Biol 3: e404. PMID: 16277553

Price AM, Luftig MA (2014) Dynamic Epstein-Barr virus gene expression on the path to B-cell transfor-
mation. Adv Virus Res 88:279-313. doi: 10.1016/B978-0-12-800098-4.00006-4 PMID: 24373315

Woisetschlaeger M, Strominger JL, Speck SH (1989) Mutually exclusive use of viral promoters in
Epstein-Barr virus latently infected lymphocytes. Proc Natl Acad Sci U S A 86: 6498—6502. PMID:
2549539

Alfieri C, Birkenbach M, Kieff E (1991) Early events in Epstein-Barr virus infection of human B lympho-
cytes. Virology 181:595-608. PMID: 1849678

Nikitin PA, Yan CM, Forte E, Bocedi A, Tourigny JP, et al. (2010) An ATM/Chk2-mediated DNA
damage-responsive signaling pathway suppresses Epstein-Barr virus transformation of primary human
B cells. Cell Host Microbe 8:510-522. doi: 10.1016/j.chom.2010.11.004 PMID: 21147465

Kelly GL, Long HM, Stylianou J, Thomas WA, Leese A, et al. (2009) An Epstein-Barr virus anti-
apoptotic protein constitutively expressed in transformed cells and implicated in burkitt ymphomagen-
esis: the Wp/BHRF1 link. PLoS Pathog 5: €1000341. doi: 10.1371/journal.ppat.1000341 PMID:
19283066

Nikitin PA, Price AM, McFadden K, Yan CM, Luftig MA (2014) Mitogen-induced B-cell proliferation acti-
vates Chk2-dependent G1/S cell cycle arrest. PLoS One 9: e87299. doi: 10.1371/journal.pone.
0087299 PMID: 24498068

Price AM, Tourigny JP, Forte E, Salinas RE, Dave SS, et al. (2012) Analysis of Epstein-Barr Virus-
Regulated Host Gene Expression Changes through Primary B-Cell Outgrowth Reveals Delayed Kinet-
ics of Latent Membrane Protein 1-Mediated NF-kappaB Activation. J Virol 86: 11096—11106. PMID:
22855490

Mosialos G, Birkenbach M, Yalamanchili R, VanArsdale T, Ware C, et al. (1995) The Epstein-Barr virus
transforming protein LMP1 engages signaling proteins for the tumor necrosis factor receptor family.
Cell 80:389-399. PMID: 7859281

Cahir-McFarland ED, Davidson DM, Schauer SL, Duong J, Kieff E (2000) NF-kappa B inhibition causes
spontaneous apoptosis in Epstein-Barr virus-transformed lymphoblastoid cells. Proc Natl Acad Sci U S
A 97:6055-6060. PMID: 10811897

Cesarman E (2014) Gammaherpesviruses and lymphoproliferative disorders. Annu Rev Pathol 9:
349-372. doi: 10.1146/annurev-pathol-012513-104656 PMID: 24111911

Staege MS, Lee SP, Frisan T, Mautner J, Scholz S, et al. (2002) MYC overexpression imposes a non-
immunogenic phenotype on Epstein-Barr virus-infected B cells. Proc Natl Acad Sci U S A 99: 4550—
4555. PMID: 11917131

Hislop AD, Taylor GS, Sauce D, Rickinson AB (2007) Cellular responses to viral infection in humans:
lessons from Epstein-Barr virus. Annu Rev Immunol 25: 587-617. PMID: 17378764

Thorley-Lawson DA, Gross A (2004) Persistence of the Epstein-Barr virus and the origins of associated
lymphomas. N Engl J Med 350: 1328—-1337. PMID: 15044644

Kis LL, Salamon D, Persson EK, Nagy N, Scheeren FA, et al. (2010) IL-21 imposes a type || EBV gene
expression on type Il and type | B cells by the repression of C- and activation of LMP-1-promoter. Proc
Natl Acad SciU S A 107: 872-877. doi: 10.1073/pnas.0912920107 PMID: 20080768

Kanzler H, Kuppers R, Hansmann ML, Rajewsky K (1996) Hodgkin and Reed-Sternberg cells in Hodg-
kin's disease represent the outgrowth of a dominant tumor clone derived from (crippled) germinal center
B cells. J Exp Med 184: 1495-1505. PMID: 8879220

Babcock GJ, Decker LL, Volk M, Thorley-Lawson DA (1998) EBV persistence in memory B cells in
vivo. Immunity 9: 395-404. PMID: 9768759

Doyle MG, Catovsky D, Crawford DH (1993) Infection of leukaemic B lymphocytes by Epstein Barr
virus. Leukemia 7: 1858—-1864. PMID: 8231253

Klein E, Nagy N, Rasul AE (2013) EBV genome carrying B lymphocytes that express the nuclear pro-
tein EBNA-2 but not LMP-1: Type IIb latency. Oncoimmunology 2: e23035. PMID: 23526738

Brink AA, Dukers DF, van den Brule AJ, Oudejans JJ, Middeldorp JM, et al. (1997) Presence of
Epstein-Barr virus latency type Il at the single cell level in post-transplantation lymphoproliferative dis-
orders and AIDS related lymphomas. J Clin Pathol 50: 911-918. PMID: 9462239

Oudejans JJ, Jiwa M, van den Brule AJ, Grasser FA, Horstman A, et al. (1995) Detection of heteroge-
neous Epstein-Barr virus gene expression patterns within individual post-transplantation lymphoproli-
ferative disorders. Am J Pathol 147:923-933. PMID: 7573368

Niedobitek G, Hamilton-Dutoit S, Herbst H, Finn T, Vetner M, et al. (1989) Identification of Epstein-Barr
virus-infected cells in tonsils of acute infectious mononucleosis by in situ hybridization. Hum Pathol 20:
796-799. PMID: 2545594

PLOS Pathogens | DOI:10.1371/journal.ppat.1004656 March 19, 2015 6/7


http://www.ncbi.nlm.nih.gov/pubmed/16277553
http://dx.doi.org/10.1016/B978-0-12-800098-4.00006-4
http://www.ncbi.nlm.nih.gov/pubmed/24373315
http://www.ncbi.nlm.nih.gov/pubmed/2549539
http://www.ncbi.nlm.nih.gov/pubmed/1849678
http://dx.doi.org/10.1016/j.chom.2010.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21147465
http://dx.doi.org/10.1371/journal.ppat.1000341
http://www.ncbi.nlm.nih.gov/pubmed/19283066
http://dx.doi.org/10.1371/journal.pone.0087299
http://dx.doi.org/10.1371/journal.pone.0087299
http://www.ncbi.nlm.nih.gov/pubmed/24498068
http://www.ncbi.nlm.nih.gov/pubmed/22855490
http://www.ncbi.nlm.nih.gov/pubmed/7859281
http://www.ncbi.nlm.nih.gov/pubmed/10811897
http://dx.doi.org/10.1146/annurev-pathol-012513-104656
http://www.ncbi.nlm.nih.gov/pubmed/24111911
http://www.ncbi.nlm.nih.gov/pubmed/11917131
http://www.ncbi.nlm.nih.gov/pubmed/17378764
http://www.ncbi.nlm.nih.gov/pubmed/15044644
http://dx.doi.org/10.1073/pnas.0912920107
http://www.ncbi.nlm.nih.gov/pubmed/20080768
http://www.ncbi.nlm.nih.gov/pubmed/8879220
http://www.ncbi.nlm.nih.gov/pubmed/9768759
http://www.ncbi.nlm.nih.gov/pubmed/8231253
http://www.ncbi.nlm.nih.gov/pubmed/23526738
http://www.ncbi.nlm.nih.gov/pubmed/9462239
http://www.ncbi.nlm.nih.gov/pubmed/7573368
http://www.ncbi.nlm.nih.gov/pubmed/2545594

@’PLOS | PATHOGENS

29. MaSD, Hegde S, Young KH, Sullivan R, Rajesh D, et al. (2011) A new model of Epstein-Barr virus in-
fection reveals an important role for early lytic viral protein expression in the development of lympho-
mas. J Virol 85:165-177. doi: 10.1128/JVI.01512-10 PMID: 20980506

30. Brooks JM, Lee SP, Leese AM, Thomas WA, Rowe M, et al. (2009) Cyclical expression of EBV latent
membrane protein 1 in EBV-transformed B cells underpins heterogeneity of epitope presentation and
CD8+ T cell recognition. J Immunol 182: 1919-1928. doi: 10.4049/jimmunol.0713607 PMID:
19201845

PLOS Pathogens | DOI:10.1371/journal.ppat.1004656 March 19, 2015 717


http://dx.doi.org/10.1128/JVI.01512-10
http://www.ncbi.nlm.nih.gov/pubmed/20980506
http://dx.doi.org/10.4049/jimmunol.0713607
http://www.ncbi.nlm.nih.gov/pubmed/19201845


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


