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Interferon regulatory factor 8 (IRF-8) is a transcription suppressor that functions through
associations with other transcription factors, contributing to the growth and differentiation
of bone marrow cells and the activation of macrophages. IRF-8 expression profoundly
affects pathogenic processes ranging from infections to blood diseases. Interleukin-9 (IL-
9) is a multipotent cytokine that acts on a variety of immune cells by binding to the IL-9
receptor (IL-9R) and is involved in a variety of diseases such as cancer, autoimmune
diseases, and other pathogen-mediated immune regulatory diseases. Studies have
shown that IL-9 levels are significantly increased in the serum of patients with diffuse
large B-cell lymphoma (DLBCL), and IL-9 levels are correlated with the DLBCL prognostic
index. The activator protein-1 (AP-1) complex is a dimeric transcription factor that plays a
critical role in cellular proliferation, apoptosis, angiogenesis, oncogene-induced
transformation, and invasion by controlling basic and induced transcription of several
genes containing the AP-1 locus. The AP-1 complex is involved in many cancers,
including hematological tumors. In this report, we systematically review the precise
roles of IL-9, IRF-8, and AP-1 in tumor development, particularly with regard to DLBCL.
Finally, the recent progress in IRF-8 and IL-9 research is presented; the possible
relationship among IRF-8, IL-9, and AP-1 family members is analyzed; and future
research prospects are discussed.
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INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoid malignancy in adults, and it
was defined as a diffuse growth of neoplastic large B lymphoid cells with a nuclear size equal to
or exceeding normal macrophage nuclei by the World Health Organization. DLBCL that could
not be classified into a specific entity are diagnosed as unspecified DLBCL. DLBCL is the most
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common type of lymphoma, accounting for about 25-35% of
all non-Hodgkin lymphoma (NHL). Several phase III clinical
trials have presented the treatment regimen of rituximab,
cyclophosphamide, adriamycin, vincristine, and prednisone (R-
CHOP regimen) for DLBCL patients, and within 50-70% of
DLBCL patients have been successfully treated with R-CHOP
regimen. However, R-CHOP failures are principally due to either
primary refractoriness or relapse after reaching a complete
response (CR). Salvage chemotherapy followed by autologous
stem cell transplantation (ASCT) remain the standard of care for
only 10% refractory or recurrent DLBCL patients, indicating that
the treatment requirements have not been fully met yet.
Therefore, investigation of the molecular mechanism of
DLBCL is clinically significant for individualized treatment of
DLBCL patients. Interferon regulatory factor-8 (IRF-8) plays a
regulatory role in the differentiation of TH17 cells, macrophages,
and dendritic cells (DCs). Activator protein-1 (AP-1) could
enhance the interactions of IRF-8 with other signaling
molecules, while the exact roles of IL-9 and IRF-8 in DLBCL,
as well as their relationships with AP-1 family members have still
remained elusive. Previous studies have demonstrated that the
development and progression of DLBCL are associated with
abnormal expressions of various factors. Therefore, further in-
depth researches on specific biomarkers, signaling pathways, and
pathogenesis of DLBCL need to be conducted to identify further
effective targeted therapies for DLBCL patients.
IRF-8

Interferon regulatory factor 8 (IRF-8), also known as interferon
consensus sequence-binding protein, is a component of the IRF
transcription factor family (1–3).

The Amino Acid Sequences of IRF-8 and
IRF-4 Have High Similarity and Play a
Synergistic Role in Tumor Progression
Of all the IRF family members, IRF-4 and IRF-8 have the highest
amino acid sequence similarity, and both could interact with
some common chaperones (e.g., PU.1 and E47) to regulate a
group of overlapped target promoters (4–7). IRF-4 (-) was found
with a progressive systemic lymph node enlargement and a
severe deficiency of functions of B and T lymphocytes (8). IRF-
8 could also bind to PU.1 and stimulate the activity of ETS/IRF
composite element (EICE) (9–15), and the interaction with IRF-
1/2 and PU.1 could substantially enhance the binding activity of
IRF-8 to DNA (11). PU.1 could also interact with IRF-4 to
activate transcription through EICE (4). The transcription factor
PU.1 is one of the proteins that directly interacts with IRF-8,
which then regulates the expression levels of various myeloid-
specific genes (16). PU.1 and IRF-8 could synergistically activate
the promoters of various myeloid-specific genes through EICE,
and thus, PU.1 has been proven to be a definite candidate partner
of IRF-8 in regulating the development of myeloid cells.
Interferon regulatory factor-4 (IRF-4) functions as a tumor
suppressive factor in both B and T cell lineages (17, 18). The
Frontiers in Oncology | www.frontiersin.org 2
capabilities of IRF-4 in transforming lymphocytes, the abnormal
expression modes in B- and T-cell lymphomas, and leukemia
have already been documented (19, 20). Besides, IRF-8 is a
critical regulator of myelopoiesis (21). Chronic myeloid
leukemia (CML)-like diseases were observed in IRF-8-deficient
mice at the age of 10-16 weeks, and about one third of mice were
associated with myeloid and lymphatic systems, and then died at
the age of 50 weeks (22–24). Several studies have demonstrated
that the mechanisms involved in tumor-suppressing effects of
IRF-8 include the downregulation of Bcl-2 expression, as well as
the upregulation of c-Myc inhibitor, blimp1, and METs (17).
During B cell development, IRF-4/8 double deficiencies could
prevent the transition of large cycling pre-B cells to small resting
pre-B cells (25, 26). The clonal proliferation of pre-B cells would
continue in the deficiencies of IRF-4/8, consequently increasing
the risk of malignant transition of cells. Mice with both IRF-4
and IRF-8 deficiencies could develop CML-like diseases with
higher invasiveness than mice with only IRF-8 deficiency. All
mice with deficiencies of IRF-4 and IRF-8 finally developed B
lymphoblastic leukemia/lymphoma at the age of 25 weeks, and
then died. These findings demonstrated that deficiencies of IRF-4
and IRF-8 have synergistic effects in regulating the development
and progression of bone marrow tumors and lymphomas (27).

IRF-8 (-) Leads to Macrophage Immune
Deficiency and CML-Like Disease
IRF-8 promotes the differentiation of myeloid progenitor cells to
macrophages, while it inhibits the differentiation to granulocytes.
IRF-8(-) mice have a higher number of bone marrow-derived
progenitor cells (BMPCs), which are preferentially differentiated
to granulocytes, whereas they cannot be effectively differentiated
to macrophages. IRF8(-) mice are accompanied with
immunodeficiency, and are also sensitive to various pathogens.
In addition, macrophages in IRF8(-) mice are defected in various
functions, including capabilities in inducing IL-12 p40 and some
IFN-g-responsive genes. IRF-8 can regulate the induction of IL-
12 p40 gene, thereby significantly influencing the differentiation
of natural killer (NK) and Th1 cells in an IFN-g-dependent
manner (22, 28, 29). IL-12 could regulate the production of NK
and CD4+ T cells. In turn, IFN-g could induce the expressions of
effectors, inducing potent anti-viral, anti-toxic, and anti-parasitic
activities. IRF-8 alone could activate the promoter of IL-12 p40 in
mice and humans, and consequently promote the IFN-g-
dependent resistance. In addition, IFN-g-induced IRF-8 is the
major activator of IL-12 p40 in macrophages. Thus, IFN-g, as a
macrophage-activating factor, can stimulate numerous genes in
macrophages to induce the activities of macrophages, such as
phagocytic effects, anti-bacterial effects, cytokine production, and
antigen presentation, and it has been considered as the basis for
the defense of host against infection (17). IRF-8 could enhance
the activation of genes induced by IFN-g, and then, participate
in the consequent processes. IRF-8(-) mice are not only
associated with immunodeficiency due to the defects in
functions of macrophages, but also can progress to CML-like
diseases (22). A study performed by Waight et al. demonstrated
the importance of the BCR-ABL-STAT5-IRF-8 axis. IRF-8 is the
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direct target of STAT5 in CML, while silencing of STAT5 can
induce the expression level of IRF-8. BCR-ABL-mediated IRF-8
inhibition is the result of a direct influence of STAT5 on the
promoter of IRF-8. The findings also revealed that the activation
of STAT3 could also inhibit the transcription of IRF-8 (30).

IRF-8 is member of IRF family that mainly regulates the
growth and differentiation of BMPCs, as well as the activation of
functions of macrophages. The expression level of IRF-8
influences the processes of various diseases ranging from
infection to leukemia profoundly, and indicates that IRF-8
plays a key role in development of myeloid cells. Further
studies reported the exact molecular mechanisms underlying
the regulation of BMPCs by IRF-8.
IL-9

It is well known that different CD4+ T cell subgroups (e.g., Th17
and Th9) and innate immune cells, such as mastocytes and group
2 innate lymphoid cells (ILC2s), could produce IL-9. IL-9 is a
pleiotropic cytokine that could activate STAT1, STAT3, and
STAT5 to influence the functions of various target cells (e.g., T
cells, B cells, mastocytes, and airway epithelial cells). Due to the
pleiotropic effects, IL-9 has been proven to participate in diverse
diseases, including cancer, autoimmune diseases, and other
pathogen-mediated immune regulatory diseases.

IL-9 Is Produced Primarily by TH9 Cells
Th9 cell is a new subgroup of CD4+ T cells that was originally
discovered in 2008, and it was characterized by the secretion of
IL-9 (31). In worm models of infection, the development of Th9
cell was detected and was considered as the major endogenous
source of IL-9 (32). The co-existence of IL-4 and TGF-b could
stimulate juvenile T cells to differentiate into Th9 cells (33).
Veldohen et al. demonstrated that TGF-b could promote the
transition of Th2 to Th9 cells (34), while Dardalhon et al. pointed
out that IL-4 could inhibit the Foxp3 expression in Treg cells
(35). IL-9 could also be produced by CD8+ Tc9 cells, Vd2 T cells,
and mastocytes, and it plays a role in anti-tumor immunity (33).
Some additional cytokines could amplify the production of IL-9.
IL-2 could activate STAT5 that bind to IL9 gene to enhance IL-9
expression (36, 37). Recently, the combination of IL-1b and IL-4
has been demonstrated to activate the nuclear factor-kB (NF-kB)
to enhance the induction of Th9 cells, even in the absence of
TGF-b signal transduction (38, 39). In the majority of solid
tumors, IL-9 could directly promote the apoptosis of tumor cells
or activate the innate and adaptive anti-tumor immunity.

Pu.1 and IRF-4 Play Important Roles in
TH9 Cell Development and Differentiation
STAT6 and GATA3 are required for the first, second, and fifty
generations of Th9 cells. The selective expression of TGF-b-
induced pu1 in Th9 cells could restrict the capability of STAT6
and GATA3 in inducing Th2-type cytokines. Gene expression
analysis indicated that Th9 cells have evident transcription
characteristics (40). In addition, Th2 cells cultured with TGF-b
Frontiers in Oncology | www.frontiersin.org 3
could be transited to Th9 cells (34). Previous studies have shown
that transcription factors of ETS family, such as pu1 and IRF4,
play important roles in the development of Th9 cells, and were
considered as essential transcription factors for the development
of Th9 cells (41, 42). Deletion of pu1 could impair the generation
of Th9 cells, while the reactions of Th2 cells are normal,
indicating that pu1 is a key regulator for Th9 cell
differentiation (41). The ectopic expression level of pu1 in Th2
cells triggers the low expression level of Th2-type IL-9, indicating
that pu1 could be a switch-on factor for induction of IL-9 in Th9
cells (41, 43).

The Mode of Action of IL-9 on Tumor and
Its Carcinogenic Activity in Lymphoma
IL-9 was initially described as a growth factor secreted by
activated helper T cells type 2 (Th2), which exerts the effects
through the members of the gc family of cytokines on target cells,
affects various immune cells through IL-9R, and plays different
functions in immune and inflammatory responses (44–46). The
signal transduction mediated by IL-9 mainly depends on the
high affinity between IL-9 and IL-9R. IL-9 plays an anti-tumor
role in solid tumors, such as melanoma and breast cancer (47–
49). While in hematologic tumors, including chronic
lymphocytic leukemia (CLL), Hodgkin lymphoma (HL), and
DLBCL, it is generally acknowledged that IL-9 promotes tumor
progression through the T-lymphocyte growth factor (50–52).

The function of IL-9 in promoting lymphocyte transition is
directly mediated by the activation of Janus kinase and
phosphorylation of STAT3 and STAT5 signaling pathways (53,
54). Especially, activation of STAT5 has been considered as the
key mediator for IL-9-driven proliferation and tumorigenesis
(53). In addition, IL-9 could indirectly mediate the
immunosuppressive effects on mastocytes and Treg cells in
mouse models of lymphoma to inhibit tumor growth (55). The
secretion of IL-9 in tumor microenvironment has been
considered as a tolerance factor that inhibits adaptive anti-
tumor immunity (56).

IL-9 could directly influence the survival of tumor cells (57),
or activate mastocytes and recruit DCs to the tumor site, and it
indirectly participates in tumor immunity (58, 59). The
dysregulation of IL-9 and IL-9R could be detected in the
biopsy specimens and serum of patients with HL, anaplastic
large cell lymphoma (ALCL) (55), and nasal NK/T cell
lymphoma (60, 61). Previous studies have demonstrated that
the serum IL-9 level is elevated in patients with B-cell NHL
(including some patients with DLBCL). Using a neutralizing
antibody to block the binding of IL-9 to IL-9R could significantly
inhibit the tumor growth in mouse models of lymphoma (62).

As a lymphocyte growth factor, IL-9 could promote the
proliferation and activation of lymphocytes, thereby exerting
tumorigenic effects on hematological tumors (63). It was
reported that IL-9 could promote the survival and drug
resistance of cells in patients with DLBCL, while silencing of
IL-9R gene could reduce IL-9-induced drug resistance, and thus,
IL-9 provides a potential therapeutic target for DLBCL (50). IL-9
has also been demonstrated to enhance the Treg and mastocyte-
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mediated immunosuppression effects to participate in the
pathogeneses of B-cell NHL (55). In addition, IL-9 could
stimulate the proliferation of lymphomas and protect them
from dexamethasone (DEX)-induced cell apoptosis (64, 65).
The carcinogenic activity of IL-9 in lymphomas has already
been demonstrated by numerous studies. Serum level of IL-9 in
patients with DLBCL is significantly elevated, which is associated
with a low serum level of albumin and a high international
prognostic index (IPI) (50). In vitro studies have shown that IL-9
could upregulate the P21CIP1 gene in tumor cells to directly
induce the proliferation and inhibit the apoptosis of LY1 and
LY8 cells in DLBCL, promote the survival of DLBCL cells, and
reduce the sensitivity of tumor cells to chemical substances (50).

Future studies on cell biology and clinical relevance of Th9
could improve our understandings on immune regulation of Th9
cells, and finally lead to the effective treatment of human diseases
with such cells involved.
AP-1

The AP-1 complex is a dimer transcription factor, and human
AP-1 family is composed of the homo- and hetero-dimers of Jun
(c-Jun, JunB, and JunD), Fos (c-Fos, FosB, FRA1, and Fra2), ATF
(ATF2, ATF3/LRF1, B-ATF, JDP1, and JDP2), and MAF (cMaf,
MafB, MafA, MAFG/F/K, and Nrl) family members. All these
family members possess a highly conservative basic leucine
zipper (bZIP) protein binding domain (66, 67), and participate
in the basic and inductive transcriptions of several genes
containing AP-1 site (68).

Ap-1 Has Multiple Roles in Inflammation
and Tumor Development
AP-1 participates in the regulation of different cellular processes,
including proliferation, apoptosis, differentiation, survival,
migration, and transition (66, 69–72). All these AP-1 proteins
actively participate in the development and progression of
tumors. Numerous studies have demonstrated that the AP-1
transcription factor plays a critical role in proliferation,
apoptosis, angiogenesis, and oncogene-induced transition and
invasion, and is also involved in diverse types of cancer,
including breast cancer, ovarian cancer, liver cancer, skin
cancer, bone cancer, lung cancer, endometrial cancer,
colorectal cancer, and hematological tumors (68).

Inflammatory Cell Signal Transduction
Is Implicated in the Future Development
of Cancer
Previous studies have reported that cell signaling of inflammatory
is associated with the future development of cancer (73, 74). AP-1
is an important component of inflammatory response (66, 75). In
chronic inflammatory diseases, various cytokines and
chemokines are recruited at the site of inflammation, and are
mainly regulated by ap-1 (fos/jun) and other transcription factors,
such as NF-kB, NFATs, and STATs (76, 77). Ap-1 directly binds
to the ap-1 binding sequence in promoters, and consequently
Frontiers in Oncology | www.frontiersin.org 4
regulates the expression levels of cytokines (TNF-a, IL-1, IL-2,
IFN-g, and granulocyte-macrophage colony-stimulating factor
(GM-CSF)), as well as matrix metalloproteinases (MMPs) at the
mRNA synthetic level (66). It has been reported that AP-1
participates in the differentiation of primitive T cells to Th1
and Th2 cells (78, 79).

Inadequate Activation of AP-1 Is
Associated With Immune System
Disorders
Jun and Fos could promote DNA synthesis, participate in the
generation and lysing capability of CD8 T lymphocytes through
the proceeding of cell cycle, contribute to the regulation of cell
proliferation and activation, and take part in development and
function of lymphocytes (75). In patients receiving
hematopoietic stem cell transplantation (HSCT), patients with
T cell deficiency are associated with a poorer prognosis; patients
treated with allogeneic HSCT are accompanied with
downregulated expressions of c-jun and c-fos gene in T cells.
Such deficiencies may justify insufficient CD4 activation (80–82).
These conditions could be recovered over time after
transplantation. However, in patients with a poor prognosis,
the findings showed that the gene expression decreased time-
dependently (82), indicating that deficiency of AP-1 activation
was associated with immune system disorders. The
immunological reconstitution in patients undergoing
transplantation requires the increase of the expression levels of
such oncogenes within the first 2 years; otherwise, lethal
outcomes are expected.

Ap-1 and Hematological Malignancies
In hematological malignancies, AP-1 components are involved
in CML and AML (83–85), and play important roles in the
pathogeneses of lymphomas, HD, and ALCL (86, 87). In AML, c-
fos could exert tumor growth inhibitory activity or result in poor
outcomes (84, 85). Compared with untreated CML patients, the
lymph node mononuclear cells of imatinib-treated CML patients
showed AP-1 activation, as well as downregulation of pro-
inflammatory cytokines (88), which could be caused by the
inactivation of JunB gene methylation, indicating that JunB
could be a tumor suppressor gene (89). Besides, activated AP-1
with robust c-Jun and JunB overexpression was found in all
tumor cells of patients with HL (86, 87). C-Jun could be
upregulated through autoregulation, while JunB could be
upregulated through NF-kB (87). The activated AP-1 could
support the proliferation of Hodgkin cells, and inhibit the
apoptosis of ALCL cells.

Activation of AP-1 Complex Is an
Important Factor Regulating the
Growth of ABC-DLBCL
Activated B cell (ABC)-DLBCL is characterized by poor
outcomes, and it is associated with the constitutive activation
of NF-kB, controlling and promoting the cell proliferation,
survival and gene expression. Similar to NF-kB, AP-1 is
regulated by the constitutive activation of the B-cell receptor
February 2022 | Volume 12 | Article 817069
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signaling component caspase recruitment domain-containing
membrane-associated guanylate kinase protein-1 (CARMA-1)
(90). Compared with germinal center (GC) B cell (GCB)-
DLBCL, the ABC-DLBCL cell lines expressed high levels of
AP-1 family members, such as c-Jun, JunB, and JunD, which
form hetero-dimer with AP-1 family member-activating
transcription factors, including ATF2, ATF3, and ATF7. Using
the dominant-negative method to inhibit such complexes could
induce growth impairments in most ABC-DLBCL cell lines. The
individual silencing of c-Jun, ATF2, or ATF3 could reduce the
survival rate of cells, confirming that the activation of Jun/atf
type AP-1 complex is an important factor regulating the growth
of ABC-DLBCL (90).

IL-21 Promotes DLBCL Cells Proliferation
by Upregulating of AP-1
The clinical characteristics of Epstein-Barr virus (EBV)-positive
DLBCL indicated that the outcomes of this disease are poorer
than EBV-negative DLBCL. It was reported that IL-21 could
promote the apoptosis of DLBCL cells. However, studies on IL-
21-stimulated EBV-positive DLBCL cells showed that IL-21
could upregulate the phosphorylation of host MYC, AP-1, and
STAT3, as well as the expression of viral LMP-1 protein, thereby
promoting the proliferation of DLBCL cells (91).
POTENTIAL REGULATORY
RELATIONSHIP BETWEEN IL-9,
IRF8, AND AP-1 FAMILIES

The above-mentioned outcomes indicated the respective effects
and molecular mechanisms of IRF-8, IL-9, and AP-1, as well as
the associations with DLBCL or cancer cells. When we reviewed
the literature, we found that these molecules are closely related to
Frontiers in Oncology | www.frontiersin.org 5
some cytokines or transcription factors directly or indirectly,
which are summarized as follows.

IRF-8 and AP-1 in the Production of IFN-g
IFN-g stimulates various genes in macrophage to activate the
activities of macrophages, including phagocytic effects, anti-
bacterial effects, cytokine production, and antigen presentation,
which are the basis for the defense of host against infection (17).
IRF-8 could enhance the activation of IFN-g-inducing genes, and
therefore, participate in the consequent processes of infection.
IRF-8 regulates the induction of IL-12 p40 and substantially
influences the differentiation of NK and Th1 cells in an IFN-g-
dependent manner. IFN-g could not induce Th1-mediated
responses in IRF-8 (-) mice (22, 28, 29). On the other hand,
AP-1 binds to AP-1 binding sequences directly, thereby
regulating the expression of IFN-g at the mRNA synthetic level
(66). Studies have also demonstrated that AP-1 participates in
the differentiation of primitive T cells to Th1 and Th2 cells (78,
79). We found that both IRF-8 and AP-1 play important roles in
IFN-g production. In addition, both IRF-8 and AP-1 play
important roles in the development and progression of tumors.
However, additional studies are needed to investigate the exact
role of AP-1 in IRF-8-regulated Th1 responses (Figure 1).

The Role of IRF-8 in IL-9 Production and
Other Regulatory Pathways of IRF-8
As discussed, both PU.1 and IRF-4 play pivotal roles in Th9 cell
development as essential transcription factors. In particular, PU.1 is
a key regulator of Th9 cell development (41, 42). Of the IRF family
members, IRF-4 has the highest amino acid sequence similarity to
IRF-8; thus, IRF-8 could also play a notable role in Th9 cell
development. IRF-8 is essential for Th9 differentiation in vitro
and in vivo. IRF-8 functions aspart of a transcription factorcomplex
composed of IRF-8, IRF-4, PU.1, and BATF, which binds to DNA
FIGURE 1 | IRF-8-IL-12-IFN-g pathway and AP-1-IFN-g pathway.
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and promotes IL-9 transcription (92). PU.1 and IRF-4 regulate a
group of overlapping target promoters by interactingwith common
chaperons (such as PU.1 and E47) (4–7). The direct interaction
between the PU.1 protein and IRF-8 substantially enhances the
DNAbindingactivity of IRF-8 (11, 16).Additionally, PU.1 and IRF-
8 have a synergistic effect that activates the promoters of myeloid-
specific genes. Therefore, PU.1 is closely associated with IRF-8 and
IL-9, and IRF-8 could participate in the induction of IL-9 produced
by Th9 cells (Figure 2).

The IRF-4/8-PU.1 complex is also involved in the regulation of
other pathways (Figure 3). Some IFN-induced genes carry IFN- g-
activated site (GAS) elements that contain binding sites for the IRF-
8-PU.1 complex. The IRF-8-PU.1 complex participates in GAS-
mediated transcription and amplifies the expression of STAT1-
activated IFN-g response genes in macrophages (93). Similarly,
some IFN-a/b–induced genes carry IFN-stimulated response
elements (ISREs) containing IRF-8-PU.1 binding sites. IRF-8-
PU.1 participates in ISRE-mediated transcription, enhancing the
transcription induced by IFN-stimulated gene factor 3 (ISGF3) in
macrophages, which contribute to viral infection resistance by
producing ISG family proteins (93). By comparing these
pathways (Table 1), we concluded in the two pathways above,
IRF-4/8-PU.1 complex plays a protective role in protecting against
infection, but could not explain the effect of the two regulations on
tumors and DLBCL. It is more meaningful to study the irF-8/IL-9
regulatory pathway.
The Relationship Between AP-1,
IL-9 and NF-KB Pathway, and
Chronic Inflammation Promote the
Development of DLBCL
The inflammatory signaling pathways are associated with the
development of diverse types of cancer (73, 74). AP-1 is an
important component of inflammatory responses (66, 75). In
Frontiers in Oncology | www.frontiersin.org 6
chronic inflammatory diseases, various cytokines and
chemokines are recruited at the site of inflammation, which are
mainly regulated by ap-1 (fos/jun) and other transcription factors,
including NF-kB, NFATs, and STATs (76, 77). ABC-DLBCL is a
molecular subtype characterized by poor outcomes, and it is
associated with the constitutive activation of NF-kB, controlling
and promoting the cell proliferation, survival and gene expression
(90). The combination of IL-1b and IL-4 has been proven to
activate the NF-kB signaling pathway and enhance their inductive
effects on Th9 cells, and consequently expand the production of
IL-9 (38, 39). Similar to NF-kB, AP-1 could also be regulated by
the constitutive activation of the B-cell receptor signaling
component CARMA-1 (90). There could be some associations
between Th9 cells and AP-1, and IL-1b and IL-4, which could
regulate IL-9 secretion through AP-1 (Figure 4).

The development of DLBCL is closely associated with the
activity of numerous inflammatory mediators and cells.
Inflammatory mediators affect tumor occurrence and
development by directly or indirectly affecting the behavior of
immune cells, whereas inflammatory cells promote tumor
progression by producing cytokines. For example, mast cells
and ILC2s both produce the cytokine IL-9. IL-2 enhances IL-9
expression by activating STAT5 (36, 37). IL-9, however,
stimulates the proliferation of lymphoma cells and protects
them from the effects of dexamethasone-induced apoptosis
(64). In addition, AP-1 is an important component of the
inflammatory response and is involved in the differentiation of
primitive T cells into Th1 and Th2 cells (66, 75, 78, 79). AP-1 is
involved in the control of cell proliferation and activation and the
development and function of lymphocytes (75). For example, IL-
21 promotes the proliferation of DLBCL cells by upregulating the
phosphorylation of host MYC, AP-1, and STAT3 and the
expression of viral LMP-1 protein (91).

IL-9 and AP-1 play important roles in chronic inflammation,
which affects the progression of DLBCL. IL-1b and IL-4 enhance
FIGURE 2 | IL-4 and TGFb induced T cells to produce IL-9 and relationship between important transcription factors PU1, IRF-4 and IRF-8.
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TH9 cell induction by activating the NF-kB pathway, inducing
IL-9 production (38, 39). AP-1 complex activation is an
important factor controlling the growth of ABC-DLBCL. AP-1
complex activation is marked by constitutive activation of the
transcription factor NF-kB, which controls the expression of
genes promoting cell survival and proliferation (90). ABC-
DLBCL is a molecular subtype characterized by adverse
outcomes. Therefore, the NF-kB pathway plays a significant
Frontiers in Oncology | www.frontiersin.org 7
role in the influence of IL-9 and AP-1 on DLBCL progression
and prognosis.
CONCLUSION AND PERSPECTIVE

In this review, we summarized the mechanisms of action of IRF-
8, IL-9, and AP-1 and discussed how these factors promote
TABLE 1 | IRF-8-IL-9 regulatory pathway and other IRF-8 regulatory pathways.

IRF-4/8-PU.1 complex IRF-4/8-PU.1 complex IRF-4/8-PU.1 complex

Target
cells

TH9 cell Macrophages Macrophages

Binding
site

ETS/IRF composite element
(EICE)

IFNg activated site element (GAS) IFN stimulates response elements (ISREs)

Function Binds to DNA and promotes
IL-9 transcription

Amplification of STAT1-activated IFN-g response gene
expression in macrophages

Transcription enhancement induced by IFN-a/b – stimulated gene
factor 3 (ISGF3).

Production IL-9 ISGs ISGs
Results Stimulates the proliferation of

lymphoma cells
Resistance to viral infection Resistance to viral infection
FIGURE 4 | IL-1 b and IL-4 induce T cells to produce IL-9 through the NF-KB pathway.
FIGURE 3 | IRF-8-IL-9 regulatory pathway and other IRF-8 regulatory pathways.
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tumor development, with a particular focus on DLBCL. We also
described the interactions and synergistic effects involved in
DLBCL development. IRF-8 is essential for in vitro and in vivo
Th9 cell differentiation and plays an important role in DLBCL
development. NF-kB plays a significant role in both IL-9
production and the AP-1 inflammatory signaling pathway and
may be a hub for AP-1 and IL-9 connections. This review
suggests new directions for further research regarding DLBCL-
specific molecular markers and signal transduction pathways,
DLBCL pathogenesis, and targeted therapies.
AUTHOR CONTRIBUTIONS

MC carried out the primary literature search, drafted and revised
the manuscript, and participated in discussions. NC revised and
Frontiers in Oncology | www.frontiersin.org 8
edited the final version of the manuscript. All authors read and
approved the final manuscript.
FUNDING

The present study was partly supported by the Clinical
Medicine Science and Technology Innovation Program,
China (no.202019055).
ACKNOWLEDGMENTS

Thanks to tutor Chen Na for her help and guidance in the
creation of this article, and the funding support of the Clinical
Research Innovation Program (No.202019055).
REFERENCES

1. Weisz A, Marx P, Sharf R, Appella E, Driggers PH, Ozato K, et al. Human
Interferon Consensus Sequence Binding Protein Is a Negative Regulator of
Enhancer Elements Common to Interferon-Inducible Genes. J Biol Chem
(1992) 267(35):25589–96. doi: 10.1016/S0021-9258(19)74081-2

2. Nelson N, Marks MS, Driggers PH, Ozato K. Interferon Consensus Sequence-
Binding Protein, a Member of the Interferon Regulatory Factor Family,
Suppresses Interferon-Induced Gene Transcription. Mol Cell Biol (1993) 13
(1):588–99. doi: 10.1128/mcb.13.1.588-599.1993

3. Weisz A, Kirchhoff S, Levi BZ. IFN Consensus Sequence Binding Protein
(ICSBP) is a Conditional Repressor of IFN Inducible Promoters. Int Immunol
(1994) 6(8):1125–31. doi: 10.1093/intimm/6.8.1125

4. Eisenbeis CF, Singh H, Storb U. Pip, a Novel IRF Family Member, is a
Lymphoid-Specific, PU.1-Dependent Transcriptional Activator. Genes Dev
(1995) 9(11):1377–87. doi: 10.1101/gad.9.11.1377

5. Nagulapalli S, Atchison ML. Transcription Factor Pip can Enhance DNA
Binding by E47, Leading to Transcriptional Synergy Involving Multiple
Protein Domains. Mol Cell Biol (1998) 18(8):4639–50. doi: 10.1128/
MCB.18.8.4639

6. Yamagata T, Nishida J, Tanaka S, Sakai R, Mitani K, Yoshida M, et al. A Novel
Interferon Regulatory Factor Family Transcription Factor, ICSAT/Pip/LSIRF,
That Negatively Regulates the Activity of Interferon-Regulated Genes. Mol
Cell Biol (1996) 16(4):1283–94. doi: 10.1128/MCB.16.4.1283

7. Brass AL, Kehrli E, Eisenbeis CF, Storb U, Singh H. Pip, a Lymphoid-
Restricted IRF, Contains a Regulatory Domain That is Important for
Autoinhibition and Ternary Complex Formation With the Ets Factor PU.1.
Genes Dev (1996) 10(18):2335–47. doi: 10.1101/gad.10.18.2335

8. Mittrücker HW, Matsuyama T, Grossman A, Kündig TM, Potter J, Shahinian
A, et al. Requirement for the Transcription Factor LSIRF/IRF4 for Mature B
and T Lymphocyte Function. Science (1997) 275(5299):540–3. doi: 10.1126/
science.275.5299.540

9. Marecki S, Atchison ML, Fenton MJ. Differential Expression and Distinct
Functions of IFN Regulatory Factor 4 and IFN Consensus Sequence Binding
Protein in Macrophages. J Immunol (1999) 163(5):2713–22.

10. Marecki S, Riendeau CJ, Liang MD, Fenton MJ. PU.1 and Multiple IFN
Regulatory Factor Proteins Synergize to Mediate Transcriptional Activation of
the Human IL-1 Beta Gene. J Immunol (2001) 166(11):6829–38. doi: 10.4049/
jimmunol.166.11.6829

11. Meraro D, Hashmueli S, Koren B, Azriel A, Oumard A, Kirchhoff S, et al.
Protein-Protein and DNA-Protein Interactions Affect the Activity of Lymphoid-
Specific IFN Regulatory Factors. J Immunol (1999) 163(12):6468–78.

12. Fujii Y, Shimizu T, Kusumoto M, Kyogoku Y, Taniguchi T, Hakoshima T.
Crystal Structure of an IRF-DNA Complex Reveals Novel DNA Recognition
and Cooperative Binding to a Tandem Repeat of Core Sequences. EMBO J
(1999) 18(18):5028–41. doi: 10.1093/emboj/18.18.5028
13. Brass AL, Zhu AQ, Singh H. Assembly Requirements of PU.1-Pip (IRF-4)
Activator Complexes: Inhibiting Function In Vivo Using Fused Dimers.
EMBO J (1999) 18(4):977–91. doi: 10.1093/emboj/18.4.977

14. Eklund EA, Jalava A, Kakar R. PU.1, Interferon Regulatory Factor 1, and
Interferon Consensus Sequence-Binding Protein Cooperate to Increase Gp91
(Phox) Expression. J Biol Chem (1998) 273(22):13957–65. doi: 10.1074/
jbc.273.22.13957

15. Rehli M, Poltorak A, Schwarzfischer L, SW K, Andreesen R, Beutler B. PU.1
and Interferon Consensus Sequence-Binding Protein Regulate the Myeloid
Expression of the Human Toll-Like Receptor 4 Gene. J Biol Chem (2000) 275
(13):9773–81. doi: 10.1074/jbc.275.13.9773

16. Simon MC. PU.1 and Hematopoiesis: Lessons Learned From Gene Targeting
Experiments. Semin Immunol (1998) 10(2):111–8. doi: 10.1006/smim.
1998.0112

17. Marecki S, Fenton MJ. The Role of IRF-4 in Transcriptional Regulation.
J Interferon Cytokine Res (2002) 22(1):121–33. doi: 10.1089/107999002753452737

18. Taniguchi T, Ogasawara K, Takaoka A, Tanaka N. IRF Family of
Transcription Factors as Regulators of Host Defense. Annu Rev Immunol
(2001) 19:623–55. doi: 10.1146/annurev.immunol.19.1.623
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77. Uluçkan Ö, Jimenez M, Karbach S, Jeschke A, Graña O, Keller J, et al. Chronic
Skin Inflammation Leads to Bone Loss by IL-17-Mediated Inhibition of Wnt
Signaling in Osteoblasts. Sci Transl Med (2016) 8(330):330ra37. doi: 10.1126/
scitranslmed.aad8996

78. Hartenstein B, Teurich S, Hess J, Schenkel J, Schorpp-Kistner M, Angel P.
Th2 Cell-Specific Cytokine Expression and Allergen-Induced Airway
Inflammation Depend on JunB. EMBO J (2002) 21(23):6321–9. doi: 10.1093/
emboj/cdf648

79. Zenz R, Eferl R, Scheinecker C, Redlich K, Smolen J, Schonthaler HB, et al.
Activator Protein 1 (Fos/Jun) Functions in Inflammatory Bone and Skin
Disease. Arthritis Res Ther (2008) 10(1):201. doi: 10.1186/ar2338

80. Trop-Steinberg S, Azar Y, Or R. Early Cell-Cycle Gene Expression in T-Cells
After Hematopoietic Stem Cell Transplantation. Transpl Immunol (2013) 29
(1-4):146–54. doi: 10.1016/j.trim.2013.03.002

81. Klinman DM, Mushinski JF, Honda M, Ishigatsubo Y, Mountz JD, Raveche
ES, et al. Oncogene Expression in Autoimmune and Normal Peripheral Blood
Mononuclear Cells. J Exp Med (1986) 163(5):1292–307. doi: 10.1084/jem.
163.5.1292

82. Trop-Steinberg S, Azar Y, Bringer R, Or R. Myc and AP-1 Expression in T
Cells and T-Cell Activation in Patients After Hematopoietic Stem Cell
Transplantation. Clin Exp Med (2015) 15(2):189–203. doi: 10.1007/s10238-
014-0285-6
Frontiers in Oncology | www.frontiersin.org 10
83. Li Y, Liang M, Zhang Z. Regression Analysis of Combined Gene Expression
Regulation in Acute Myeloid Leukemia. PloS Comput Biol (2014) 10(10):
e1003908. doi: 10.1371/journal.pcbi.1003908

84. Silva G, Cardoso BA, Belo H, Almeida AM. Vorinostat Induces Apoptosis and
Differentiation in Myeloid Malignancies: Genetic and Molecular Mechanisms.
PloS One (2013) 8(1):e53766. doi: 10.1371/journal.pone.0053766

85. Staber PB, Linkesch W, Zauner D, Beham-Schmid C, Guelly C, Schauer S,
et al. Common Alterations in Gene Expression and Increased Proliferation in
Recurrent Acute Myeloid Leukemia. Oncogene (2004) 23(4):894–904.
doi: 10.1038/sj.onc.1207192

86. Leventaki V, Drakos E, Karanikou M, Psatha K, Lin P, Schlette E, et al. C-JUN
N-Terminal Kinase (JNK) Is Activated and Contributes to Tumor Cell
Proliferation in Classical Hodgkin Lymphoma. Hum Pathol (2014) 45
(3):565–72. doi: 10.1016/j.humpath.2013.10.024

87. Mathas S, Hinz M, Anagnostopoulos I, Krappmann D, Lietz A, Jundt F, et al.
Aberrantly Expressed C-Jun and JunB Are a Hallmark of Hodgkin Lymphoma
Cells, Stimulate Proliferation and Synergize With NF-Kappa B. EMBO J
(2002) 21(15):4104–13. doi: 10.1093/emboj/cdf389

88. Ciarcia R, Vitiello MT, Galdiero M, Pacilio C, Iovane V, d’Angelo D, et al.
Imatinib Treatment Inhibit IL-6, IL-8, NF-KB and AP-1 Production and
Modulate Intracellular Calcium in CML Patients. J Cell Physiol (2012) 227
(6):2798–803. doi: 10.1002/jcp.23029

89. Yang MY, Liu TC, Chang JG, Lin PM, Lin SF. JunB Gene Expression is
Inactivated by Methylation in Chronic Myeloid Leukemia. Blood (2003) 101
(8):3205–11. doi: 10.1182/blood-2002-05-1598

90. Juilland M, Gonzalez M, Erdmann T, Banz Y, Jevnikar Z, Hailfinger S, et al.
CARMA1- and MyD88-Dependent Activation of Jun/ATF-Type AP-1
Complexes is a Hallmark of ABC Diffuse Large B-Cell Lymphomas. Blood
(2016) 127(14):1780–9. doi: 10.1182/blood-2015-07-655647

91. Wang Y, Wang C, Cai X, Mou C, Cui X, Zhang Y, et al. IL-21 Stimulates the
Expression and Activation of Cell Cycle Regulators and Promotes Cell
Proliferation in EBV-Positive Diffuse Large B Cell Lymphoma. Sci Rep
(2020) 10(1):12326. doi: 10.1038/s41598-020-69227-0

92. Humblin E, Thibaudin M, Chalmin F, Derangère V, Limagne E, Richard C,
et al. IRF8-Dependent Molecular Complexes Control the Th9 Transcriptional
Program. Nat Commun (2017) 8(1):2085. doi: 10.1038/s41467-017-01070-w

93. Kanno Y, Levi BZ, Tamura T, Ozato K. Immune Cell-Specific Amplification of
Interferon Signaling by the IRF-4/8-PU.1 Complex. J Interferon Cytokine Res
(2005) 25(12):770–9. doi: 10.1089/jir.2005.25.770

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 Cai and Chen. 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.
February 2022 | Volume 12 | Article 817069

https://doi.org/10.1093/carcin/bgt255
https://doi.org/10.1093/carcin/bgt255
https://doi.org/10.1021/jm5004733
https://doi.org/10.1021/jm5004733
https://doi.org/10.1038/sj.cr.7290257
https://doi.org/10.1038/nrc1209
https://doi.org/10.1111/j.0105-2896.2005.00332.x
https://doi.org/10.1016/s0955-0674(97)80068-3
https://doi.org/10.1038/sj.onc.1204381
https://doi.org/10.1038/sj.onc.1204381
https://doi.org/10.1016/j.mrrev.2009.01.001
https://doi.org/10.1016/j.mrrev.2009.01.001
https://doi.org/10.1155/2015/102476
https://doi.org/10.3109/07853890903405753
https://doi.org/10.3109/07853890903405753
https://doi.org/10.1002/eji.1830161006
https://doi.org/10.1038/sj.onc.1204386
https://doi.org/10.1126/scitranslmed.aad8996
https://doi.org/10.1126/scitranslmed.aad8996
https://doi.org/10.1093/emboj/cdf648
https://doi.org/10.1093/emboj/cdf648
https://doi.org/10.1186/ar2338
https://doi.org/10.1016/j.trim.2013.03.002
https://doi.org/10.1084/jem.163.5.1292
https://doi.org/10.1084/jem.163.5.1292
https://doi.org/10.1007/s10238-014-0285-6
https://doi.org/10.1007/s10238-014-0285-6
https://doi.org/10.1371/journal.pcbi.1003908
https://doi.org/10.1371/journal.pone.0053766
https://doi.org/10.1038/sj.onc.1207192
https://doi.org/10.1016/j.humpath.2013.10.024
https://doi.org/10.1093/emboj/cdf389
https://doi.org/10.1002/jcp.23029
https://doi.org/10.1182/blood-2002-05-1598
https://doi.org/10.1182/blood-2015-07-655647
https://doi.org/10.1038/s41598-020-69227-0
https://doi.org/10.1038/s41467-017-01070-w
https://doi.org/10.1089/jir.2005.25.770
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Roles of IRF-8 in Regulating IL-9-Mediated Immunologic Mechanisms in the Development of DLBCL: A State-of-the-Art Literature Review
	Introduction
	IRF-8
	The Amino Acid Sequences of IRF-8 and IRF-4 Have High Similarity and Play a Synergistic Role in Tumor Progression
	IRF-8 (-) Leads to Macrophage Immune Deficiency and CML-Like Disease

	IL-9
	IL-9 Is Produced Primarily by TH9 Cells
	Pu.1 and IRF-4 Play Important Roles in TH9 Cell Development and Differentiation
	The Mode of Action of IL-9 on Tumor and Its Carcinogenic Activity in Lymphoma

	AP-1
	Ap-1 Has Multiple Roles in Inflammation and Tumor Development
	Inflammatory Cell Signal Transduction Is Implicated in the Future Development of Cancer
	Inadequate Activation of AP-1 Is Associated With Immune System Disorders
	Ap-1 and Hematological Malignancies
	Activation of AP-1 Complex Is an Important Factor Regulating the Growth of ABC-DLBCL
	IL-21 Promotes DLBCL Cells Proliferation by Upregulating of AP-1

	Potential Regulatory Relationship Between IL-9, IRF8, and AP-1 Families
	IRF-8 and AP-1 in the Production of IFN-&gamma;
	The Role of IRF-8 in IL-9 Production and Other Regulatory Pathways of IRF-8
	The Relationship Between AP-1, IL-9 and NF-KB Pathway, and Chronic Inflammation Promote the Development of DLBCL

	Conclusion and Perspective
	Author Contributions
	Funding
	Acknowledgments
	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


