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Acute myeloid leukemia (AML) is a highly heterogeneous malignancy of the

blood and bone marrow, characterized by clonal expansion of myeloid stem

and progenitor cells and rapid disease progression. Chemotherapy has been

the first-line treatment for AML for more than 30 years. Application of recent

high-throughput next-generation sequencing technologies has revealed

significant molecular heterogeneity to AML, which in turn has motivated

efforts to develop new, targeted therapies. However, due to the high

complexity of this disease, including multiple driver mutations and the

coexistence of multiple competing tumorigenic clones, the successful

incorporation of these new agents into clinical practice remains challenging.

These continuing difficulties call for the identification of innovative therapeutic

approaches that are effective for a larger cohort of AML patients. Recent studies

suggest that chronic immune stimulation and aberrant cytokine signaling act as

triggers for AML initiation and progression, facets of the disease whichmight be

exploited as promising targets in AML treatment. However, despite the greater

appreciation of cytokine profiles in AML, the exact functions of cytokines in

AML pathogenesis are not fully understood. Therefore, unravelling the

molecular basis of the complex cytokine networks in AML is a prerequisite to

develop new therapeutic alternatives based on targeting cytokines and

their receptors.

KEYWORDS

acute myeloid leukemia, cytokine signaling, inflammation, tumor microenvironment,
cytokine inhibitors
Introduction

Acute Myeloid Leukemia (AML) is a highly aggressive and heterogenous

hematological cancer characterized by the accumulation of molecular and cytogenetic

mutations within hematopoietic stem and/or progenitor cells (HSPCs), leading to the

establishment of leukemic stem cells (LSCs). LSCs are the source of immature myeloid

progenitor cells, so-called myeloblasts or leukemic blasts, which accumulate in the bone

marrow (BM), displace normal HSPCs, impair normal hematopoiesis, and eventually
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spread into the peripheral blood (PB), lymph nodes, liver, spleen,

testes, and central nervous system (1–4). Whereas many AML

patients follow an aggressive clinical course with an overall 5-

year survival rate of only 28%, individual patient survival

strongly depends on the underlying tumor-driving genetic

alterations and individual risk factors, including age, gender,

prior chemotherapy, radiation exposure and genetic

predisposition (1, 2, 5–8). However, irrespective of the

molecular driver mutations initiating the disease, AML onset

and development always go hand in hand with significant

r emode l ing o f the BM in to a tumor -p romot ing

microenvironment that supports and protects LSCs at the

expense of normal HSPCs (9–15). In this review we discuss

how cytokine signaling networks contribute to these

maladaptations, fuel AML tumorigenesis and progression, and

enable chemoresistance and immune evasion. We further shed

some light on promising therapeutic approaches targeting

cytokine signaling to irradicate the LSC population and

prevent relapse after chemotherapy.
Role of cytokines in AML

Within the healthy BM microenvironment, hematopoietic

stem cells (HSCs) are normally maintained in a delicate balance

between quiescence, self-renewal, and differentiation to ensure

life-long steady-state hematopoiesis and replenishment of the

blood effector cell population under stress conditions such as

infection, acute and chronic inflammation, aging or bleeding

(16). During infection and inflammation, an array of cytokines,

including Interleukin (IL)-1b (17, 18), IL-3 (19, 20), IL-6 (21–

23), Tumor necrosis factor-a (TNF-a) (24–27) and Interferon

(IFN) (28, 29) together with hematopoietic growth factors

(HGFs) such as M-CSF, G-CSF and GM-CSF (17, 30),

orchestrates the switch from steady-state to emergency

hematopoiesis (31–33). In patients with preleukemic and

leukemic conditions, including AML, the tight regulation of

these cytokines is impaired, leading to aberrant cytokine

secretion (32–38). Studies evaluating pro- and anti-

inflammatory cytokine and growth factor levels in serum

revealed that GM-CSF, IL-1b, IL-3, IL-4, IL-5, IL-6, IL-8, IL-
10, IL-12p70, IL-27, IL-35, osteopontin and stem cell factor

(SCF) are upregulated in all or in distinct AML patient groups

compared to age-matched controls (39–43). In contrast to most

cytokines, TRAIL and TGF-b levels are decreased in the serum

of AML patients (39, 43, 44). To gain insights into the specific

functions of individual cytokines and growth factors in AML,

numerous studies have characterized the effects of recombinant

cytokines and HGFs on proliferation and colony formation of

primary AML cells and cell lines in vitro, thereby establishing ex

vivo AML cell culture conditions (see Table 1).

Suggestive of a supportive feedback loop, some patient-

derived LSCs and blasts can produce a variety of cytokines
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(e.g., IL-1b, IL-1a, IL-6, GM-CSF, and TNF-a) and proliferate

in vitro without the addition of exogenous cytokines and HGFs

(99–101). In particular, IL-1b was shown to act as an autocrine

growth factor for AML blasts by inducing the production of

HGFs and cytokines, including GM-CSF and IL-6 (50, 59, 99,

102–105). Moreover, IL-1-stimulated AML blast cells secreted

increased levels of TNF-a, which synergized with IL-3- or GM-

CSF-induced AML cell proliferation and colony formation

(106). Of note, increased autonomous and/or HGF- and

cytokine-induced in vitro proliferation of patient-derived

leukemic cells correlated with negative clinical outcomes,

including lower complete remission rates, higher risk for

relapse, and shorter AML patient survival (107–109). In vivo,

however, LSC and blast growth, survival, and protection from

therapeutic agents do not exclusively rely on endogenous

cytokine signaling, but strongly depend on AML cell

interactions with the leukemic BM microenvironment and the

latter’s provisioning of supporting ligands and soluble factors,

including cytokines (Figure 1), some of which are discussed in

the following sections (110).
AML supporting cytokines

Osteopontin

Osteopontin, a secreted matrix glycoprotein produced by

many cell types (e.g., stomal, endothelial, epithelial and immune

cells), is crucial for the regulation and/or induction of

inflammation, angiogenesis, proliferation, migration, and

apoptosis throughout the body. During normal hematopoiesis,

osteopontin is predominantly produced by osteoblasts within in

the endosteal BM region, to guide and maintain healthy HSCs

within supportive niches (111). Interestingly, PB and BM

osteopontin levels were significantly increased in AML patients

compared to healthy controls, and high osteopontin BM levels

were associated with reduced overall and event-free survival (82,

83). Osteopontin was not, however, exclusively expressed by

cells of the osteolineage within the leukemic BM, although it was

strongly expressed by AML blasts (82). Additionally, it was

shown that AML patient-derived mesenchymal stromal cells

(MSCs) or healthy MSCs co-cultured with AML cells undergo

osteogenic differentiation and produce increased amounts of

osteopontin (112). Functionally, osteopontin was shown to

upregulate AKT, mTOR, PTEN, and b-catenin mRNA

expression in AML cells in vitro (113) and increase AML LSC

self-renewal, proliferation, and expression of anti-apoptotic and

cell-cycle-associated genes, thereby leading to accelerated disease

progression in an MLL-AF9 driven AML mouse model (84).

Direct targeting of osteopontin is difficult due to its ubiquitous

expression and, so far, has been limited to approaches utilizing

RNAi or blocking antibodies and aptamers in breast cancer

models. Although delivered without specificity to cell type, these
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initial treatment studies confirm the antitumoral effect of

osteopontin inhibition (114) and call for testing in AML

disease models.
Interleukin-1

Due to its pleiotropic effects, IL-1-mediated signaling is

recognized as a central hub between inflammation and cancer,

including leukemia development and progression (32, 115–119). In

AML patients, multiple studies have reported increased levels of IL-

1b and IL-1 receptors as well as decreased levels of interleukin-1

receptor antagonist (IL-1RA) in PB and BM (41, 42, 56, 120). In an

MLL-AF9-driven leukemic mouse model, chronic exposure to IL-

1b accelerated leukemia progression and impaired normal
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hematopoiesis by modulating stromal niche support. Using both

in vitro and in vivo AML models it was shown that depletion or

deletion of IL-1RA resulted in reduced expansion of AML

progenitor cells and partially restored normal hematopoiesis

(121). This was confirmed by targeting IL-1 receptor signaling via

inhibition of p38 MAPK, which enabled normal HSPCs to expand

in the presence of IL-1b (41). Of note, in vivo AML development

was curbed by knockout of IL-1 receptor in the MLL-AF9 mouse

model but was increased in FLT3-ITD-driven leukemic mice (122),

suggesting different dependencies on IL-1 signaling. Additionally, it

was shown that AML HSPCs express high levels of IL-1 receptor

accessory protein (IL-1RAP), which contributed to increased IL-1b
production, AML cell proliferation and survival, but reduced

normal hematopoiesis. This phenotype was further promoted

when co-culturing AML CD34+ HSPCs on MSCs (123, 124).
TABLE 1 Cytokines and growth factors supporting or inhibiting AML cells.

Cytokine Expression in AML patients com-
pared to healthy individuals

Physiologic function Function ex vivo in AML cell culture

G-CSF Not determined Hematopoietic growth factor Supports AML cell proliferation and clonogenicity (45–48)

GM-CSF Elevated PB plasma levels and unchanged BM
levels (42, 49)

Hematopoietic growth factor Supports AML cell growth and self-renewal (44, 45, 50)

IFN-a Not determined Anti-/Pro-inflammatory cytokine Reduces AML cell proliferation and IL-1, IL-6, GM-CSF expression
(51, 52)

IFN-g Unchanged PB levels and reduced BM levels
(39, 53)

Pro-inflammatory cytokine Reduces AML cell proliferation and survival; increases spontaneous
clonogenicity of AML cells (54, 55)

IL-1Ra Elevated PB and reduced BM serum levels
(42, 56)

Anti-inflammatory cytokine Reduces AML cell proliferation (57, 58)

IL-1b Unchanged or elevated PB and unchanged
BM levels (39, 41, 42)

Pro-inflammatory cytokine Supports AML cell proliferation and survival; increases GM-CSF,
IL-6 and TNF expression (41, 45, 50, 51, 59, 60)

IL-3 Elevated PB levels (43) Pro-inflammatory cytokine Supports AML cell proliferation and self-renewal (45, 47, 61–63)

IL-4 Elevated PB levels in patients > 65 years (39,
53)

Anti-inflammatory cytokine Inhibits IL-1- and HGF-induced AML cell proliferation (60, 64, 65)

IL-6 Elevated plasma levels (39, 53, 66) Pro-inflammatory cytokine Partially supports AML cell proliferation (45, 48, 67–71).

IL-8 Elevated PB and BM levels (39, 44, 66, 72) Chemoattractant cytokine
(chemokine)

Not determined

IL-10 Elevated PB levels (39, 53, 56, 73) Anti-inflammatory cytokine Inhibits AML cell proliferation; reduces IL-1a, IL-1b, IL-6, GM-CSF
and TNF-a expression (74–76)

IL-12p70 Elevated PB levels in patients > 65 years (39) Pro-inflammatory cytokine Inhibits AML cell-induced angiogenesis; supports T cell-mediated
cytotoxicity and possibly AML tumor growth (77–79)

IL-27 Elevated PB and BM levels (40) Anti-inflammatory cytokine Not determined

IL-35 Elevated PB and BM levels (40, 80, 81) Anti-inflammatory cytokine Supports AML cell proliferation and survival; promotes Treg
function (80)

Osteopontin Elevated PB and BM levels (44, 82, 83) Matrix glycoprotein with pro-
inflammatory cytokine properties

Supports AML cell self-renewal, proliferation and survival (84)

SCF Elevated PB and BM levels (42) Hematopoietic growth factor Supports AML cell proliferation and survival (85–87)

TGF-b Reduced PB and BM levels (39, 53) Anti-inflammatory cytokine Inhibits AML cell proliferation and survival (88–90)

TNF-a Elevated PB levels (39, 44, 56, 66) Pro-inflammatory cytokine Supports AML cell chemoresistance and maintains proliferating
LSCs (91)

TRAIL Reduced PB levels (44) Pro-inflammatory cytokine Not determined

CXCL12 Reduced expression in AML blasts (92–94) Chemoattractant cytokine
(chemokine)

Promotes AML cell growth, survival, chemoresistance and adhesion
(95–98)
Importantly, not all patient-derived AML cells or cell lines respond to HGF and cytokine treatment equally well. These observations reflect AML heterogeneity and suggest the presence of
leukemic cell subpopulations. PB: peripheral blood; BM: bone marrow.
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Inhibition of IL-1RAP signaling antagonized this effect and enabled

HSC proliferation in the presence of AML cell-conditioned media

(124). In line with these AML cell-supporting functions, gene

expression analysis revealed reduced overall survival (OS) of

AML patients who expressed high levels of IL-1RAP (123). These

observations suggest an important role for the IL-1b signaling

pathway in the pathogenesis of AML and encourage studies to

evaluate the therapeutic effects of targeting IL-1 signaling (117, 120).

Multiple US Food and Drug Administration (FDA)-approved IL-1

blockers [Anakinra (Kineret); Rilonacept (Arcalyst); Canakinumab

(Ilaris)] are already available. In particular, the effect of

Canakinumab is being intensely evaluated in the CANTOS trail

(NCT01327846), a randomized, double-blind, placebo-controlled

phase 3 study involving 10,061 patients with solid tumors as well as

hematological malignancies like chronic myelomonocytic leukemia

(CMML) and myelodysplastic syndrome (MDS) (125, 126).

However, additional studies will be required to fully understand

the therapeutic value of targeting IL-1 and in particular IL-1b in

hematological malignancies, including AML.
Interleukin-6

IL-6 is a potent pro-inflammatory cytokine which is crucial

for a rapid and coordinated immune response during
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infections and tissue injuries, but also helps to maintain the

hematopoietic system (127–129). Deregulated expression of

IL-6 is associated with inflammatory and autoimmune diseases

as well as skewed hematopoiesis and leukemia (104, 127, 130).

In AML patients with reduced OS, blood and BM serum levels

of IL-6 are increased (39, 53, 131). Further studies confirm

these findings and suggest that IL-6 levels correlate with poor

prognosis, rapid disease progression, and resistance to

chemotherapy (39, 132–134). The combined assessment of

PB IL-6 and FLT3-ligand levels during AML induction

therapy revealed that patients with persistent high IL‐6 levels

display lower survival rates compared to patients with

decreasing IL-6 and increasing FLT3-ligand levels (134).

Similarly, low IL-6 levels accompanied by high IL-10 levels

have been linked to better prognosis (39). Although AML

blasts are clearly exposed to microenvironment-derived

(135–137) and self-produced IL-6 (104), it is disputed how

IL-6 contributes to AML progression. Curiously, all AML

samples express the IL-6 receptor but only a subset responds

to IL-6 treatment in vitro (48, 67, 69, 70, 131, 138). However,

multiple studies suggest that IL-6-induced STAT3 signaling

promotes AML by inducing chemoresistance (132, 135, 139).

Hou and colleagues showed that BM MSCs promote

chemoresistance against daunorubicin and cytosine

arabinoside (Ara-c) by increasing IL-6 secretion and
FIGURE 1

Cytokines supporting AML progression. Osteoblasts, myeloblasts and mesenchymal stromal cells (MSCs) secrete osteopontin. This in turn
promotes AML cell proliferation and disease progression. CXCL12 is mainly secreted by perivascular stromal cells (PSCs), and osteoblasts and
promotes growth and survival of AML blasts cell via the chemokine receptor CXCR4. IL-1b acts on myeloblasts and HSPCs, which express the
IL-1 receptor (IL-1R) as well as the IL-1 receptor accessor protein (IL-1RAP), thereby enhancing IL-1b production, AML cell proliferation and
survival. IL-1 signaling can be blocked by Canakinumab, a human monoclonal antibody targeting IL-1b. IL-8 is constitutively produced by AML
myeloblasts and acts in an autocrine way. MSCs and myeloblasts are potent sources of IL-6, which can be blocked by IL-6-blocking antibodies
such as Siltuximab. Created with Biorender.com.
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ac t iva t ion of STAT3 s igna l ing and the ox idat ive

phosphorylation metabolic pathway in AML cells (135).

Zhang et al. showed that IL-6-induced STAT3 signaling

promotes CD36 expression, CD36-mediated uptake of fatty

acids, and chemoresistance against Ara-c (139). Several IL-6 or

IL-6 receptor-blocking antibodies have demonstrated

promising results in (pre-) clinical studies for the treatment

of cancers, chronic inflammation, and autoimmune diseases

(130). While Siltuximab (CNTO 328; IL-6-blocking antibody)

has been proposed as a treatment option for myelodysplastic

syndrome (MDS) and multiple myeloma and is FDA-approved

for the treatment of idiopathic multicentric Castleman’s

disease (140), Siltuximab in the AML setting has so far only

been investigated in an AML xenograft mouse model that

mimics end-stage BM failure. In that study, Siltuximab

treatment antagonized AML-induced anemia and BM failure

and prolonged mouse OS (141).
Interleukin-8

IL-8 (CXCL8) belongs to the CXC family of chemokines and

is best known for its role as a chemoattractant for neutrophils

(142). While production of IL-8 can be induced by various

stimuli, including lipopolysaccharide, IL-1, and TNF in healthy

cells, many tumor cells express IL-8 constitutively (142) or in a

hypoxia-, acidosis-, or chemotherapy-induced manner, leading

to anti-apoptotic and growth-supporting MAPK, PI3K, FAK

and SRC18 signaling (143). In AML, constitutive production of

IL-8 has been observed in both AML cell lines and primary AML

samples, together with expression of functional IL-8 receptors

[IL-8RA (CXCR1) and IL-8RB (CXCR2)] (144–146).

Interestingly, AML cell-derived IL-8 also signals in a paracrine

manner and affects neighboring non-leukemic cells in the BM

microenvironment. Hypoxia-induced IL-8 secretion by AML

cells resulted in increased migration of MSCs into the leukemic

BM niche (147). MSCs, in turn, prevent apoptosis and confer

drug resistance on leukemic cells by up-regulation of anti-

apoptotic proteins and secretion of growth factors, cytokines,

and extracellular vesicles (148, 149). Importantly, it has been

shown that IL-8 production and secretion by MSCs, fibroblasts,

and endothelial cells is induced or increased upon their co-

culture with AML cells, thereby contributing to reduced

apoptosis and increased proliferation and chemoresistance of

the AML cells (150–152). In patients, this bidirectional signaling

seems to result in elevated IL-8 levels in PB and BM levels (72),

which additionally might contribute to impaired neutrophil

migration and hematopoiesis (153). However, further

confirmation, especially in the context of AML, is required.

Inhibition of the IL-8–IL-8R axis has been proposed as a novel

therapeutic intervention targeting the aberrant leukemic BM
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microenvironment. Blocking the IL-8 pathway with neutralizing

antibodies has been shown to restore the sensitivity of malignant

cells to chemotherapeutics and reduce AML cell proliferation

(150, 151). Using knockdown or pharmacological inhibition

approaches, Schinke and colleagues showed that inhibition of

IL-8RB-mediated signaling leads to a significant reduction in

proliferation and G0/G1 cell cycle arrest in several leukemic cell

lines and primary MDS/AML samples (119).
CXC motif chemokine 12

The chemotactic cytokine (chemokine) CXCL12, also

referred to as SDF-1, is secreted by a variety of cells including

stromal cells, fibroblasts, and epithelial cells (154). CXCL12

initiates signaling by binding to its receptors CXCR4 and

CXCR7 and plays a crucial role in regulating hematopoiesis

(proliferation, differentiation, survival) and hematopoietic cell

trafficking to and within the BM (95, 155), but also contributes to

tumor growth, survival, metastasis, vascularization, and

chemoresistance of several types of cancer (95, 156–160). In

AML, low expression of CXCL12, high expression of CXCR4

and low to intermediate expression of CXCR7 have been

measured on AML blasts in comparison to normal HSPCs

(92–94). Interestingly, decreased CXCL12 and increased

CXCR4 expression by AML blasts was associated with reduced

patient relapse-free and overall survival OS (161–164). Within

the healthy BM, CXCL12 is mainly secreted by perivascular

stromal cells [mesenchymal stem and CXCL12-abundant

reticular (CAR) cells], endothelial cells, and osteoblasts,

thereby guiding, retaining, and regulating HSPCs to and

within supportive BM niches (16). Within the AML BM

microenvironment, it has not yet been determined which and

to what extent cell populations produce and secrete CXCL12. In

vitro, CXCL12 was shown to promote AML cell growth, survival,

and chemoresistance (95–98) by activating or inducing the pro-

survival proteins PI3K/AKT, MAP3K/ERK1/2, MYC, Bcl-2, and

Bcl-XL (93, 96, 165). In vivo, however, while the deletion of

CXCR4 in AML MLL-AF9+ HSPCs prolonged leukemic mouse

s u r v i v a l , d e l e t i on o f CXCL12 w i t h i n t h e AML

microenvironment did not alter the development and

progression of the disease (166). This surprising finding

suggests that CXCR4 signaling can support AML cells in a

CXCL12-independent manner. Nevertheless, blocking the

CXCL12/CXCR4 axis represents an attractive therapeutic

strategy and several CXCR4 and CXCL12 inhibitors have been

developed and used in preclinical and clinical models to induce

the mobilization of the AML cells from the BM into the

circulation with the aim of increasing their exposure to

chemotherapeutic agents (95, 167). Plerixaflor (NCT01319864,
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NCT01352650, NCT01027923), LY2510924 (NCT02652871),

and PF-06747143 (NCT02954653) are among the antagonists

that have been under Phase 1 clinical trials to test for safety,

tolerability and clinical activity, either alone or in combination

with standard chemotherapy in AML patients.
AML inhibiting cytokines

Interferon-g

Interferon-g (IFN-g) is one of the lead cytokines of

cellular immunity. It is mainly secreted by activated

lymphocytes (168) and orchestrates tumor defense by

regulating AML blast survival and apoptosis (118). While T

cells obtained from AML patients at primary diagnosis

exhibit increased IFN-g production, strongly reduced levels

of IFN-g were observed in CD8+ T cells from patients who

developed relapsed AML after allogeneic HCT (allo-HCT),

whereas patients without relapse did not show reduced IFN-g
production (169). This suggests that lower IFN-g levels may

elevate the risk of relapse. An early phase 1 trial was recently

started to evaluate the potential of IFN-g treatment in AML

pat ient s wi th reoccurr ing di sease a f t e r a l lo-HCT

(NCT04628338). However, manipulation of IFN-g levels in

AML patients should be carefully assessed, because systemic

administration of IFN-g is limited by rapid IFN-g clearance

and insufficient distribution to tumor sites. Moreover, while

IFN-g can restore T cell-mediated anti-cancer immunity and

the surface expression of HLA class II molecules, the loss of

which has been shown to impair AML recognition by donor T

cells (170), IFN-g is also capable of promoting PD-L1 and PD-

L2 expression in AML (171, 172). Indeed, high expression of

PD-L1 and PD-L2 is associated with poor OS in AML patients

(173, 174). Binding of PD-L1/PD-L2 to the receptor PD-1

increases T cell exhaustion, promotes effector T cell

apoptosis, induces the resistance to effector T cell-mediated

killing (175) and increases the conversion and development

of Tregs which have strong immune-suppressive abilities

(176). Thus, the potential induction of PD-L1 and PD-L2

by IFN-g may have unfavorable consequences, because the

PD-1/PD-L1/PD-L2 axis helps the tumor to maintain an

immunosuppressive microenvironment, thereby promoting

immune evasion and survival of cancer cells (177). In

addition to T cells, innate lymphoid cells type I (ILC1s) are

another potent source of IFN-g in healthy individuals. ILCs

are important players of innate immune responses by reacting

promptly to signals, or inducer cytokines, expressed by tissue-

resident cells. ILC1s function as a first line of defense against
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intracellular pathogens, such as viruses, and tumors (178).

By secreting IFN-g, healthy ILC1s induce apoptosis and block

differentiation by modulating JAK-STAT or PI3K/AKT

signaling. However, in AML, ILC1s exhibit reduced IFN-g
secretion and lose their ability to suppress the development of

LSCs and antagonize AML progression (179). ILC1s

thus seem pivotal as an anti-cancer immune cell, and

administration of ex vivo-expanded ILC1s could provide a

new immunotherapeutic approach to ensure that IFN-y levels

are locally increased within leukemic niches. Importantly,

this approach would significantly decrease toxicity for AML

patients in comparison to systemic delivery of IFN-y (179).
Interleukin-4

IL-4 is a signature cytokine of type II inflammation and

regulates many aspects of Th2-mediated immunity (180). In

epithelial cancers, IL-4 is generally considered to have pro-

tumorigenic and pro-metastatic functions, suggesting that

inhibition of the IL-4/IL-4R axis may be beneficial to limiting

diseases (181, 182). Yet, in hematological cancers, a tumor-

promoting role of IL-4 is controversial. Already in the early

1990s there were studies reporting that IL-4 might also have

tumor-limiting functions, by suppressing IL-1-induced

proliferation of AML cells (60, 64, 65). More recent findings

substantiate those earlier observations and show that IL-4 has

the potential to inhibit survival of AML cell lines as well as

patient-derived AML cells, irrespective of their cytogenetic

status and French-American-British (FAB) subtype, without

affecting normal HSPCs. Anti-leukemic effects of IL-4 are at

least partially dependent on STAT6 and Caspase-3, which agrees

with the crucial role of STAT6 in mediating IL-4’s effects

downstream of the IL-4 receptor (183). In addition, IL-4-

induced STAT6, in cooperation with the nuclear receptor

protein proliferator-activated receptor gamma (PPARg),
upregulates the expression of prostaglandins. In particular,

COX (cyclooxygenase)-dependent prostaglandins, so-called

CyPGs, play an important role in apoptosis (184). After

stimulation by IL-4, these lipid mediators are increasingly

produced via the COX/prostaglandin axis, which leads to

activation of p53 and caspase-3 and subsequently stimulates

apoptosis of leukemic cells (185). The fact that IL-4 treatment

specifically acts on AML blasts, but does not affect HSCs, even

upon long-term treatment, makes IL-4 an interesting candidate

for therapeutic intervention in AML. Yet, despite its promising

role as an anti-leukemic cytokine, IL-4 additionally promotes the

differentiation of immune cells, including M2 macrophages,

which are regarded as having a leukemia-supporting
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phenotype. M2 macrophages release various cytokines and

growth factors that promote blast survival and proliferation,

induce proangiogenic effects and can directly inhibit CD8+ T

cell-mediated killing of blast cells (186, 187). Therefore, more

detailed studies are required to assess the value of IL-4 as an

antileukemic molecule.
Interleukin-10

IL-10, an anti-inflammatory cytokine produced by several

immune cells, is crucial for limiting immune responses and

damage caused by long-lasting inflammation (188). In AML

patients, significantly higher levels of plasma IL-10 are

observed (53, 56, 73) which directly correlate with prolonged

overall patient survival, event-free survival and higher

complete remission rates (39, 189, 190). In vitro, IL-10

treatment of AML blasts inhibited spontaneous AML blast

proliferation and colony formation by negatively affecting the

production and secretion of pro-leukemic cytokines (IL-1a, IL-
1b, TNF-a, GM-CSF, GM-CSF, and IL-6) (74–76, 191).

However, contrary to these findings, there is also evidence

that IL-10 together with IL-35— the latter a CD4+ and CD8+ T

cell-suppressing and T regulatory cell (Treg)-supporting

cytokine upregulated in AML (118) — promotes AML cell

proliferation, survival and chemoresistance. So far, ICOS1+

and PD1+ Treg cells as well as BM-MSCs have been suggested

as a source for IL-10 in the AML microenvironment (176, 192),

contributing to the establishment of an IL-10-induced

immunosuppressive and anti-inflammatory niche which

ensures LSC survival and stemness (193, 194). Therefore,

despite the direct correlation between IL-10 serum level and

prolonged patient survival and treatment response (39, 189),

antagonizing IL-10 signaling could support current

chemotherapeutic approaches to irradicate LSCs and decrease

the patient relapse rate (195). However, so far, no combinatory

studies have been performed. Interestingly, Chen et al. recently

highlighted the IL-10 receptor as a potential candidate for

AML immunotherapy as it is significantly upregulated on AML

cells in patients and is required for LSC stemness. CAR-T cells

harboring an IL-10 peptide structure within their antigen-

binding domain were shown to recognize and bind to the IL-

10 receptor of multiple AML cell lines (MV4-11, Kasumi-1,

U937, THP-1 and MOLM-13) and primary AML cells, thereby

inducing the CAR T-cell mediated killing of these cells in vitro

and in vivo (196). Although the function of IL-10 may be

patient-dependent, immunomodulatory agents that block IL-

10 could offer an interesting approach for treatment of AML.
Frontiers in Immunology 07
Interleukin-12p70: a new trick for an
old cytokine

More than a decade ago, IL-12p70 was shown to inhibit the

angiogenic potential but not the survival or proliferation of AML

cells (77) and to increase T-cell proliferation and cytotoxicity

against leukemic cells in vitro (78, 79). Multiple in vitro co-

culture studies overexpressing IL-12p70 in dendritic cells have

confirmed these findings (197, 198) and paved the way for initial

immunotherapies using genetically modified dendritic cells

(phase 1 clinical trial NCT01734304) (199), thereby trying to

avoid the toxicity of systemic administration of IL-12. Recently,

another elegant therapeutic approach based on transplantation

of genetically modified AML blasts constitutively expressing IL-

12 in a vaccine-like manner was successfully established in

murine and human cells (197) and is currently under

investigation in a phase 1 clinical trial (NCT02483312).
Conclusion and future perspectives

Despite intensive research leading to new and targeted

therapeutic strategies for AML in recent years, the prognosis for

a large proportion of patients remains poor. Due to the highly

heterogeneous nature of AML, current therapies often only

eliminate specific subclones but cannot permanently halt disease

progression. As in many other cancers, chronic inflammation,

characterized by the release of pro-inflammatory cytokines and

growth factors, which significantly influence the interaction of

tumor and immune cells in the tumormicroenvironment, can also

be observed in AML. On the one hand these cytokines may ensure

survival of cancer cells by promoting tumor cell proliferation

while inhibiting the antitumor immune responses; on the other

hand, some cytokines contribute to cancer cell elimination by

supporting the body’s own immunological defense mechanisms.

Therapeutic application of cytokines, or therapies that specifically

target cytokines and/or their receptors, may provide new avenues

for the treatment of AML patients in the coming years. In

particular, IL-1b, IL-6 and CXCL12 might be promising new

druggable targets. However, due to the pleiotropic effects of most

cytokines, which control both tumor growth and anti-tumor

immune responses, we are faced with the challenge of

establishing new therapies, which on the one hand inhibit

tumor growth and at the same time specifically enhance the

anti-tumor response. The use of combination therapies, in

which potential inhibitors of inflammatory cytokines are

combined with other therapeutic molecules and agents, may

prove promising for this purpose.
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niches: insights and therapeutic opportunities. Cell Stem Cell (2015) 16(3):254–67.
doi: 10.1016/j.stem.2015.02.014

12. Bhatia R, McGlave PB, Dewald GW, Blazar BR, Verfaillie CM. Abnormal
function of the bone marrow microenvironment in chronic myelogenous leukemia:
role of malignant stromal macrophages. Blood (1995) 85(12):3636–45. doi:
10.1182/blood.V85.12.3636.bloodjournal85123636

13. Somervaille TC, Cleary ML. Identification and characterization of leukemia
stem cells in murine MLL-AF9 acute myeloid leukemia. Cancer Cell (2006) 10
(4):257–68. doi: 10.1016/j.ccr.2006.08.020

14. Reynaud D, Pietras E, Barry-Holson K, Mir A, Binnewies M, Jeanne M, et al.
IL-6 controls leukemic multipotent progenitor cell fate and contributes to chronic
myelogenous leukemia development. Cancer Cell (2011) 20(5):661–73. doi:
10.1016/j.ccr.2011.10.012

15. Schemionek M, Spieker T, Kerstiens L, Elling C, Essers M, Trumpp A, et al.
Leukemic spleen cells are more potent than bone marrow-derived cells in a
transgenic mouse model of CML. Leukemia (2012) 26(5):1030–7. doi: 10.1038/
leu.2011.366

16. Krenn PW, Montanez E, Costell M, Fässler R. Integrins, anchors and signal
transducers of hematopoietic stem cells during development and in adulthood.
Curr Top Dev Biol (2022) 149:203–61. doi: 10.1016/bs.ctdb.2022.02.009

17. Boettcher S, Manz MG. Regulation of inflammation- and infection-driven
hematopoiesis. Trends Immunol (2017) 38(5):345–57. doi: 10.1016/j.it.2017.01.004

18. Pietras EM, Mirantes-Barbeito C, Fong S, Loeffler D, Kovtonyuk LV, Zhang
S, et al. Chronic interleukin-1 exposure drives haematopoietic stem cells towards
precocious myeloid differentiation at the expense of self-renewal. Nat Cell Biol
(2016) 18(6):607–18. doi: 10.1038/ncb3346

19. Weber GF, Chousterman BG, He S, Fenn AM, Nairz M, Anzai A, et al.
Interleukin-3 amplifies acute inflammation and is a potential therapeutic target in
sepsis. Science (2015) 347(6227):1260–5. doi: 10.1126/science.aaa4268

20. Ihle JN. Interleukin-3 and hematopoiesis. Chem Immunol (1992) 51:65–106.
doi: 10.1159/000420755

21. Ishihara K, Hirano T. IL-6 in autoimmune disease and chronic
inflammatory proliferative disease. Cytokine Growth Factor Rev (2002) 13(4-
5):357–68. doi: 10.1016/S1359-6101(02)00027-8

22. Reynaud D, Pietras E, Barry-Holson K, Mir A, Binnewies M, Jeanne M, et al.
IL-6 controls leukemic multipotent progenitor cell fate and contributes to chronic
myelogenous leukemia development. Cancer Cell (2011) 20(5):661–73. doi:
10.1016/j.ccr.2011.10.012

23. Maeda K, Baba Y, Nagai Y, Miyazaki K, Malykhin A, Nakamura K, et al. IL-
6 blocks a discrete early step in lymphopoiesis. Blood (2005) 106(3):879–85. doi:
10.1182/blood-2005-02-0456

24. Tian T, Wang M, Ma D. TNF-alpha, a good or bad factor in hematological
diseases? Stem Cell Investig (2014) 1:12. doi: 10.3978/j.issn.2306-9759.2014.04.02.

25. Selleri C, Maciejewski JP, Sato T, Young NS. Interferon-gamma
constitutively expressed in the stromal microenvironment of human marrow
cultures mediates potent hematopoietic inhibition. Blood. (1996) 87(10):4149–57.
doi: 10.1182/blood.V87.10.4149.bloodjournal87104149

26. Jacobsen SE, Ruscetti FW, Dubois CM, Keller JR. Tumor necrosis factor
alpha directly and indirectly regulates hematopoietic progenitor cell proliferation:
role of colony-stimulating factor receptor modulation. J Exp Med (1992) 175
(6):1759–72. doi: 10.1084/jem.175.6.1759

27. Rezzoug F, Huang Y, Tanner MK, Wysoczynski M, Schanie CL, Chilton
PM, et al. TNF-alpha is critical to facilitate hemopoietic stem cell engraftment and
function. J Immunol (2008) 180(1):49–57. doi: 10.4049/jimmunol.180.1.49

28. Baldridge MT, King KY, Boles NC, Weksberg DC, Goodell MA. Quiescent
haematopoietic stem cells are activated by IFN-gamma in response to chronic
infection. Nature (2010) 465(7299):793–7. doi: 10.1038/nature09135
frontiersin.org

https://doi.org/10.1056/NEJMra1406184
https://doi.org/10.1016/S0140-6736(06)69780-8
https://doi.org/10.3390/ijms20112721
https://seer.cancer.gov/csr/1975_2015/
https://doi.org/10.1016/j.blre.2016.08.005
https://doi.org/10.1016/j.blre.2016.08.005
https://doi.org/10.1038/bcj.2016.50
https://doi.org/10.1111/ijlh.13135
https://doi.org/10.3324/haematol.2014.113852
https://doi.org/10.3324/haematol.2014.113852
https://doi.org/10.1182/blood-2009-01-202606
https://doi.org/10.1182/blood-2009-01-202606
https://doi.org/10.1016/j.stem.2015.02.014
https://doi.org/10.1182/blood.V85.12.3636.bloodjournal85123636
https://doi.org/10.1016/j.ccr.2006.08.020
https://doi.org/10.1016/j.ccr.2011.10.012
https://doi.org/10.1038/leu.2011.366
https://doi.org/10.1038/leu.2011.366
https://doi.org/10.1016/bs.ctdb.2022.02.009
https://doi.org/10.1016/j.it.2017.01.004
https://doi.org/10.1038/ncb3346
https://doi.org/10.1126/science.aaa4268
https://doi.org/10.1159/000420755
https://doi.org/10.1016/S1359-6101(02)00027-8
https://doi.org/10.1016/j.ccr.2011.10.012
https://doi.org/10.1182/blood-2005-02-0456
https://doi.org/10.3978/j.issn.2306-9759.2014.04.02.
https://doi.org/10.1182/blood.V87.10.4149.bloodjournal87104149
https://doi.org/10.1084/jem.175.6.1759
https://doi.org/10.4049/jimmunol.180.1.49
https://doi.org/10.1038/nature09135
https://doi.org/10.3389/fimmu.2022.1000996
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Luciano et al. 10.3389/fimmu.2022.1000996
29. Essers MA, Offner S, Blanco-Bose WE, Waibler Z, Kalinke U, Duchosal MA,
et al. IFNalpha activates dormant haematopoietic stem cells in vivo. Nature (2009)
458(7240):904–8. doi: 10.1038/nature07815

30. Ushach I, Zlotnik A. Biological role of granulocyte macrophage colony-
stimulating factor (GM-CSF) and macrophage colony-stimulating factor (M-CSF)
on cells of the myeloid lineage. J Leukoc Biol (2016) 100(3):481–9. doi: 10.1189/
jlb.3RU0316-144R

31. Mirantes C, Passegue E, Pietras EM. Pro-inflammatory cytokines: emerging
players regulating HSC function in normal and diseased hematopoiesis. Exp Cell
Res (2014) 329(2):248–54. doi: 10.1016/j.yexcr.2014.08.017

32. Hemmati S, Haque T, Gritsman K. Inflammatory signaling pathways in
preleukemic and leukemic stem cells. Front Oncol (2017) 7:265. doi: 10.3389/
fonc.2017.00265

33. King KY, Goodell MA. Inflammatory modulation of HSCs: viewing the HSC
as a foundation for the immune response. Nat Rev Immunol (2011) 11(10):685–92.
doi: 10.1038/nri3062

34. Camacho V, McClearn V, Patel S, Welner RS. Regulation of normal and
leukemic stem cells through cytokine signaling and the microenvironment. Int J
Hematol (2017) 105(5):566–77. doi: 10.1007/s12185-017-2184-6

35. Vilchis-Ordoñez A, Contreras-Quiroz A, Vadillo E, Dorantes-Acosta E,
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183. Peña-Martıńez P, Eriksson M, Ramakrishnan R, Chapellier M, Högberg C,
Orsmark-Pietras C, et al. Interleukin 4 induces apoptosis of acute myeloid leukemia
cells in a Stat6-dependent manner. Leukemia (2018) 32(3):588–96. doi: 10.1038/
leu.2017.261

184. Finch ER, Tukaramrao DB, Goodfield LL, Quickel MD, Paulson RF,
Prabhu KS. Activation of PPARg by endogenous prostaglandin J(2) mediates the
antileukemic effect of selenium in murine leukemia. Blood (2017) 129(13):1802–10.
doi: 10.1182/blood-2016-08-736405

185. Qian F, Arner BE, Kelly KM, Annageldiyev C, Sharma A, Claxton DF, et al.
Interleukin-4 treatment reduces leukemia burden in acute myeloid leukemia
FASEB J (2022) 36(5):e22328. doi: 10.1096/fj.202200251R

186. Miari KE, Guzman ML, Wheadon H, Williams MTS. Macrophages in
acute myeloid leukaemia: Significant players in therapy resistance and patient
outcomes. Front Cell Dev Biol (2021) 9:692800. doi: 10.3389/fcell.2021.692800

187. Pan Y, Yu Y, Wang X, Zhang T. Tumor-associated macrophages in tumor
immunity. Front Immunol (2020) 11:583084. doi: 10.3389/fimmu.2020.583084

188. Saraiva M, O’Garra A. The regulation of IL-10 production by immune
cells. Nat Rev Immunol (2010) 10(3):170–81. doi: 10.1038/nri2711

189. Kornblau SM, McCue D, Singh N, Chen W, Estrov Z, Coombes KR.
Recurrent expression signatures of cytokines and chemokines are present and are
independently prognostic in acute myelogenous leukemia and myelodysplasia.
Blood (2010) 116(20):4251–61. doi: 10.1182/blood-2010-01-262071

190. Dong Q, Li G, Fozza C, Wang S, Yang S, Sang Y, et al. Levels and clinical
significance of regulatory b cells and T cells in acute myeloid leukemia. BioMed Res
Int (2020) 2020:7023168. doi: 10.1155/2020/7023168

191. Bruserud O. IL-4, IL-10 and IL-13 in acute myelogenous leukemia.
Cytokines Cell Mol Ther (1998) 4(3):187–98.

192. Han Y, Dong Y, Yang Q, Xu W, Jiang S, Yu Z, et al. Acute myeloid
leukemia cells express ICOS ligand to promote the expansion of regulatory T cells.
Front Immunol (2018) 9:2227. doi: 10.3389/fimmu.2018.02227

193. Musuraca G, DeMatteis S, Napolitano R, Papayannidis C, Guadagnuolo V,
Fabbri F, et al. IL-17/IL-10 double-producing T cells: new link between infections,
immunosuppression and acute myeloid leukemia. J Transl Med (2015) 13:229. doi:
10.1186/s12967-015-0590-1

194. Xu Y, Mou J, Wang Y, Zhou W, Rao Q, Xing H, et al. Regulatory T cells
promote the stemness of leukemia stem cells through IL10 cytokine-related
signaling pathway. Leukemia (2022) 36(2):403–15. doi: 10.1038/s41375-021-
01375-2

195. Jimbu L, Mesaros O, Neaga A, Nanut AM, Tomuleasa C, Dima D, et al.
The potential advantage of targeting both PD-L1/PD-L2/PD-1 and IL-10-IL-10R
pathways in acute myeloid leukemia. Pharm (Basel) (2021) 14(11):1105. doi:
10.3390/ph14111105

196. Chen N, Xu Y, Mou J, Rao Q, Xing H, Tian Z, et al. Targeting of IL-10R on
acute myeloid leukemia blasts with chimeric antigen receptor-expressing T cells.
Blood Cancer J (2021) 11(8):144. doi: 10.1038/s41408-021-00536-x

197. Huang J, Liu Y, Au BC, Barber DL, Arruda A, Schambach A, et al.
Preclinical validation: LV/IL-12 transduction of patient leukemia cells for
immunotherapy of AML. Mol Ther Methods Clin Dev (2016) 3:16074. doi:
10.1038/mtm.2016.74
frontiersin.org

https://doi.org/10.1158/0008-5472.CAN-16-1095
https://doi.org/10.1172/JCI117450
https://doi.org/10.3389/fphar.2020.574667
https://doi.org/10.1158/1078-0432.CCR-09-2329
https://doi.org/10.3390/ijms22147371
https://doi.org/10.3892/ijmm.2013.1521
https://doi.org/10.1016/j.semcancer.2019.12.007
https://doi.org/10.1007/s10147-017-1187-x
https://doi.org/10.1007/s13277-015-3803-6
https://doi.org/10.1182/blood-2006-05-024844
https://doi.org/10.1182/blood-2006-05-024844
https://doi.org/10.1002/cam4.2535
https://doi.org/10.18632/oncotarget.3217
https://doi.org/10.1097/PAI.0b013e3182606f4d
https://doi.org/10.1172/JCI66553
https://doi.org/10.1016/j.celrep.2020.107684
https://doi.org/10.3389/fonc.2020.01672
https://doi.org/10.3389/fimmu.2018.00847
https://doi.org/10.1126/scitranslmed.abb8969
https://doi.org/10.1126/scitranslmed.abb8969
https://doi.org/10.1038/s41591-019-0400-z
https://doi.org/10.1016/j.celrep.2017.04.031
https://doi.org/10.1007/s00262-010-0909-y
https://doi.org/10.1007/s00262-010-0909-y
https://doi.org/10.1186/s13045-020-00853-x
https://doi.org/10.1007/s00277-017-3051-5
https://doi.org/10.1007/s00277-017-3051-5
https://doi.org/10.3389/fonc.2021.686156
https://doi.org/10.3389/fimmu.2020.01710
https://doi.org/10.1186/s40164-022-00263-4
https://doi.org/10.1016/j.cell.2018.07.017
https://doi.org/10.1016/j.cell.2018.07.017
https://doi.org/10.1038/s41590-022-01198-y
https://doi.org/10.3389/fimmu.2018.00888
https://doi.org/10.3389/fimmu.2018.00888
https://doi.org/10.1007/s10585-015-9747-9
https://doi.org/10.1158/0008-5472.CAN-08-0449
https://doi.org/10.1158/0008-5472.CAN-08-0449
https://doi.org/10.1038/leu.2017.261
https://doi.org/10.1038/leu.2017.261
https://doi.org/10.1182/blood-2016-08-736405
https://doi.org/10.1096/fj.202200251R
https://doi.org/10.3389/fcell.2021.692800
https://doi.org/10.3389/fimmu.2020.583084
https://doi.org/10.1038/nri2711
https://doi.org/10.1182/blood-2010-01-262071
https://doi.org/10.1155/2020/7023168
https://doi.org/10.3389/fimmu.2018.02227
https://doi.org/10.1186/s12967-015-0590-1
https://doi.org/10.1038/s41375-021-01375-2
https://doi.org/10.1038/s41375-021-01375-2
https://doi.org/10.3390/ph14111105
https://doi.org/10.1038/s41408-021-00536-x
https://doi.org/10.1038/mtm.2016.74
https://doi.org/10.3389/fimmu.2022.1000996
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Luciano et al. 10.3389/fimmu.2022.1000996
198. Curti A, Pandolfi S, Aluigi M, Isidori A, Alessandrini I, Chiodoni C, et al.
Interleukin-12 production by leukemia-derived dendritic cells counteracts the
inhibitory effect of leukemic microenvironment on T cells. Exp Hematol (2005)
33(12):1521–30. doi: 10.1016/j.exphem.2005.08.005
Frontiers in Immunology 13
199. Schnorfeil F, Lichtenegger F, Geiger C, Köhnke T, Bücklein V,
Altmann T, et al. Next-generation dendritic cells for immunotherapy of acute
myeloid leukemia. J Immunother Cancer (2014) 2:P84. doi: 10.1186/2051-1426-2-
S3-P84
frontiersin.org

https://doi.org/10.1016/j.exphem.2005.08.005
https://doi.org/10.1186/2051-1426-2-S3-P84
https://doi.org/10.1186/2051-1426-2-S3-P84
https://doi.org/10.3389/fimmu.2022.1000996
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The cytokine network in acute myeloid leukemia
	Introduction
	Role of cytokines in AML
	AML supporting cytokines
	Osteopontin
	Interleukin-1
	Interleukin-6
	Interleukin-8
	CXC motif chemokine 12

	AML inhibiting cytokines
	Interferon-&gamma;
	Interleukin-4
	Interleukin-10
	Interleukin-12p70: a new trick for an old cytokine

	Conclusion and future perspectives
	Author contributions
	Funding
	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 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

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


