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Megakaryocytes (MKs) are multifunctional hematopoietic cells that produce platelets,
serve as components of bone marrow (BM) niches that support the development of
hematopoietic stem and progenitor cell (HSPC) and provide inflammatory signals. MKs
can dynamically change their activities during homeostasis and following stress, thereby
regulating hematopoietic stem cell (HSC) function. Myelofibrosis (MF) is a progressive
chronic myeloproliferative neoplasm (MPN) characterized by hyperactivation of JAK/STAT
signaling and MK hyperplasia, which is associated with an aberrant inflammatory
signature. Since JAK1/2 inhibitor alone is incapable of depleting the malignant HSC
clones or reversing BM fibrosis, the identification of mechanisms that cooperate with MF
JAK/STAT signaling to promote disease progression might help in developing
combination therapies to modify disease outcomes. Chronic inflammation and MK
hyperplasia result in an abnormal release of TGFb1, which plays a critical role in the
pathobiology of MF by contributing to the development of BM fibrosis. Dysregulated TGFb
signaling can also alter the hematopoietic microenvironment supporting the
predominance of MF-HSCs and enhance the quiescence of the reservoir of wild-type
HSCs. Upregulation of TGFb1 levels is a relatively late event in MF, while during the early
pre-fibrotic stage of MF the alarmin S100A8/S100A9 heterocomplex promotes pro-
inflammatory responses and sustains the progression of MF-HSCs. In this review, we will
discuss the recent advances in our understanding of the roles of abnormal
megakaryopoiesis, and the altered microenvironment in MF progression and the
development of novel combined targeted therapies to disrupt the aberrant interplay
between MKs, the BM microenvironment and malignant HSCs which would potentially
limit the expansion of MF-HSC clones.
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INTRODUCTION

Myelofibrosis (MF) is a clonal blood cancer originating at the
level of the hematopoietic stem cell (HSC) which is characterized
by the acquisition of specific MPN driver mutations in janus
kinase 2 (JAK2), calreticulin (CALR), and myeloproliferative
leukemia virus oncogene (MPL) resulting in constitutive
activation of JAK-STAT signaling (1). Although allogeneic
stem cells transplantation can eradicate malignant MPN cells
resulting in cure, most MF patients are not candidates due to co-
morbidities and advanced age while other commonly used
treatment options have limited effects on patient outcomes.

The evolution of MF is associated with development of
profound bone marrow (BM) fibrosis (reticulin and/or collagen
deposition), progressive splenomegaly, systemic symptoms,
anemia and thrombocytopenia. Despite MF has being
considered a chronic disease, the median expected survival is
5.9 years (2).

Abnormalities in megakaryocyte (MK) numbers and
morphology are considered the common feature of the MPNs.
MK morphology plays a critical role in distinguishing MF from
other types of Philadelphia-negative MPNs such as polycythemia
vera (PV) and essential throbocythemia (ET) (3, 4). MK is the
largest (50-100 µm) hematopoietic cell within the BM. Under
physiological conditions, MK precursor cells after multiple rounds
of endomitosis become polyploidy (5) undergo further terminal
maturation and then generate platelets necessary for normal
homeostasis and coagulation. BM histopathologic changes in
MF include MKs hyperplasia, tight clustering, small size and
hypolobulated nuclei accompanied by fibrosis. Several studies
have used ex vivo culture systems with purified MF CD34+ or
mononuclear cells to generate increased number of MKs, which
remained immature with reduced ploidy (3, 6). Moreover, MF-
MKs display impaired pro-platelet formation when compared
with MKs derived from PV, ET and healthy donors (3, 7).

Alterations in MKmaturation lead to excessive release of pro-
inflammatory cytokines and growth factors, which alter the
hematopoietic microenvironment in a manner that supports
MF stem/progenitor cell (HSPC) predominance and
progression to MPN-blast phase. MKs are an important source
of transforming growth factor b (TGFb1). TGFb1 has been
implicated in the alteration of HSCs regeneration during stress
conditions (8). TGFb1 is the driver and primary mediator of
changes in the tumor microenvironment and is a critical factor
that limits the efficacy of checkpoint inhibitor therapy for
patients with several types of solid tumors (9, 10). The events
that directly drive TGFb1 overproduction in MF remain
unknown. Under pathologic conditions, abnormal MKs
promote bone marrow (BM) fibrosis by releasing TGFb1 and
other pro-inflammatory cytokines as well as proteases due to a
process termed emperipolesis which is a consequence of an
aberrant distribution of MK-P-selectin which facilitates MKs
engulfing other hematopoietic cells particularly neutrophils (11,
12). MKs can also influence HSC fate decisions and depletion of
MK results in a reduction of HSC numbers (13, 14). Due to their
elaboration of multiple cytokines and soluble mediators, MKs are
also considered immunomodulatory cells which are capable of
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affecting the function of immune cell populations that change
following the initiation of fibrosis (15). Accordingly, increased
levels of pro-inflammatory cytokines secreted especially by MF
MKs and monocytes play a pivotal role in MF disease
progression by establishing an aberrant crosstalk between
malignant and normal HSCs and the BM microenvironment.
Overproduction of pro-inflammatory cytokines activate
mesenchymal stromal cells (MSCs) that in turn participate in
the amplification and differentiation of MF HSCs by further
producing cytokines and matrix proteins. Therefore, MF is
considered an inflammation-driven tumor where the
inflammatory milieu contributes to genetic instability present
in MF HSCs (16–18). Interactions between BM stroma and
HSCs activate a cascade of pathways including NF-kB and
MAP Kinases, which contribute to the maintenance of
the ongoing inflammation. Breaking the vicious cycle of
aberrant crosstalk between malignant MF HSCs and the BM
microenvironment provides an avenue by which one can
potentially limit the secretion of pro-inflammatory cytokines
and therefore the expansion of malignant HSCs clones and MF
disease progression.

In this review, we will discuss the contribution of MKs
in promoting inflammation by releasing factors that sustain
the proliferation of MF malignant clones and alter the
hematopoietic microenvironment.
ALTERATIONS IN MYELOFIBROSIS-
MEGAKARYOCYTE DEVELOPMENT

Aberrant megakaryopoiesis is a pathological hallmark of each of
the MPNs (6). Several MPN mouse models have established the
role of TGFb in the development of BM fibrosis and have
implicated MK hyperplasia and dysplasia, as key players in the
creation of a characteristic MF inflammatory and metabolic
signature (19–23). It is possible that alterations in MKs
development occur during disease progression. In an
inflammatory microenvironment, MK precursors can be
directly produced not only by MK progenitor cells but also by
MK-biased HSCs (24).

Inflammation induces stress megakaryopoiesis due to the
upregulation of CD41, an early marker that defines more
immature MKs expansion in the HSC compartment (24),
suggesting that MF-MK hyperplasia is driven not only by
aberrant JAK/STAT signaling but also by microenvironmental
factors. It is increasingly understood that distinct cell
populations can initiate or sustain the inflammation, which
plays an important role in the origins of MPNs and their
progression to blast phase (25–27). MPNs are characterized
also by increased monocytes and macrophages production,
which participate in the generation of the inflammatory milieu
that contribute to the HSC niche in MF (28–30). By single cell
RNA sequencing, Sun and coworkers showed that MKs are
heterogeneous with populations that have distinct functions,
one regulating HSCs, a second involved in pro-platelet
formation, and a third with innate and adaptive immune
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functions (31). In MF, the expanded MKs secrete a large amount
of pro-inflammatory and pro-fibrotic cytokines. More recently,
Psaila and coworkers have reported that JAK2V617F mutant MF
HSPCs are biased toward the MK lineage with the CD41 MK
marker being expressed by both CD38+ and CD38- fractions of
CD34+ cells as compared to the healthy donors (32). Moreover,
MK precursors were characterized by an enrichment of
inflammatory pathways in comparison to the healthy donors
with an expansion of an aberrant MK population (32).

Anemia and thrombocytopenia due to ineffective
erythropoiesis and megakaryopoiesis characterize patients with
advanced MF (33). Megakaryopoiesis involves various
transcription factors including GATA1, GATA2, FOG1 and
NFE2. GATA1 and FOG1 promote MK and platelet
differentiation (34, 35). The observed decrease of GATA1
content in MKs from MF patients or MKs with hypomorphic
mutation in GATA1 (GATA1low) in an MF murine model, have
implicated GATA1 as an important player in the progression of
the MF (11) impairing the proper MKmaturation (36). Mice that
express low levels of GATA1 due to specific deletion of
regulatory region or promoter sequences develop anemia
and thrombocytopenia.

In human MF, hyperactive thrombopoietin (TPO) signaling
leads to a deficiency of GATA1 expression contributing to
impaired MK maturation (36). Similarly, mice treated with
high concentrations of Tpo (Tpohigh), are characterized by a
decrease of GATA1 in MKs and simultaneously by an increase of
TGFb1 content in MKs contributing to the development of
marrow fibrosis (11, 23, 37). Expression of GATA1 effectively
can rescue MK maturation in MF indicating that GATA1
contributes to impaired megakaryopoiesis in MPNs (36). The
mechanisms that link high levels of TPO signaling with reduced
GATA1 content in MKs is unclear.
MYELOFIBROSIS MICROENVIRONMENT
AND CLONAL HEMATOPOIESIS

HSCs are predominantly quiescent but they can be rapidly
recruited into cell cycle by stress such as chemotherapy,
infection, inflammation or bleeding. In MPNs, HSC mutations
induce a selective growth advantage over normal HSCs due to
MPN-HSCS being more responsive and sensitive to
microenvironmental signals. The expanded abnormal myeloid
clones, especially MKs and monocytes perturb the bone marrow
(BM) microenvironment promoting a further self-reinforcing
malignant niche that favors clonal amplification of MPN-HSCs
at the expense of normal HSCs and eventual egress to the spleen
and liver (38).

Cytokine overproduction in MPN mouse models has been
found to be dependent on maintenance of enhanced NF-kB-
dependent gene expression by BET bromodomain proteins (39)
and on JAK/STAT activation in malignant and non-malignant
clones (40). Although inhibition of JAK2 by the JAK1/2
inhibitor, ruxolitinib improves constitutional symptoms it does
not affect the number of malignant HSCs or the degree of MF-
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BM fibrosis (41) suggesting that combination therapies targeting
cytokine mediated signaling are required in order to enhance the
MF-modifying potential of ruxolitinib.

Moreover, inflammatory mediators induce the accumulation
of myeloid cells that are immunosuppressive. MKs from MF
patients are characterized by elevated production of
programmed cell death ligand (PDL-1) that induces T cell
exhaustion by binding to the PD-1 receptor (42, 43). The PD-
1/PD-L1 axis has been exploited to develop effective therapies for
cancer patients with tumors that overexpress PD-L1 (44).
Targeting PD-1 or PD-L1 alone has not proven sufficient to
reverse the MF phenotype. Pembrolizumab, an FDA approved
inhibitor of PD-1, has been used in MF patients without any
clinical responses (45). TGF-b1, the isoform of TGFb present at
the highest levels in many human cancers contributes to anti-
PD-1 resistance (46) by increasing PD-1 expression by CD8+ T
cells (47). Increased levels of TGFb1 may contribute to the T cells
exhaustive state in MF patients. In advanced malignancies,
TGFb1 has been reported to increase the production of
regulatory T cells (Treg) that inactivate helper T cells by
inducing transcription factor FOXP3 (48) which is essential for
programming Treg cells development and function (49). Since
TGFb1 is also expressed on the membrane of Treg cells, it inhibits
cytotoxic T cell activity (50). This provides a biological rationale
for combining inhibitors of PD-1 with TGFb1 inhibitors for
treating cancer patients, since they can target both PD-L1/PD-1
and the TGFb pathway facilitating T cell penetration into the
tumor microenvironment generating enhanced antitumor
immunity and potentially reducing of the malignant cell
burden (51). Accordingly, treatment with dual monoclonal
antibody strategy with the capacity to inhibit TGFb and PD-1/
PD-L1 has resulted more effective than treatment with either
PD-L1 antibody or TGFb trap alone in increased T cells, NK
cells, and decreased neutrophils and myeloid-derived suppressor
in tumor-derived cells from syngeneic mouse model (52).
Moreover, in preclinical studies the bi-functional blockade of
PD-1/PD-L1 and TGFb pathway has shown antitumor efficacy in
patients with solid tumors leading to regression of colon and
pancreatic adenocarcinoma in genetic mouse model (53–55).
MEGAKARYOCYTES ARE IMPORTANT
COMPONENTS OF THE HEMATOPOIETIC
NICHE

MKs are a cellular component of the niche that contributes to the
maintenance of the BM HSC pool size by promoting HSCs
quiescence due to TGFb and CXCL4 signaling (13, 14). TGFb1 is
expressed in MKs to a greater extent than other niche cell types
and their selective deletion increases HSCs activation and
proliferation through downregulation of pSMAD2/3 signaling
(13). In fact, HSCs with nuclear localization of pSMAD2/3 lie in
close proximity to MKs and the number of pSMAD2/3 LT-HSCs
are reduced following MK depletion (13). These observations
indicate that blunting of TGFb signaling due to MK ablation
might account for LT-HSCs activation. Moreover, HSCs co-
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culture with MKs promotes reconstitution of LT multi-lineage
hematopoiesis while genetic deletion of MPL or treatment with
blocking anti-CD41 antibody reduces HSC engraftment
potential in irradiated mice (56).

During HSPCs regeneration, TGFb1 signaling is transiently
activated and experiments in mice indicate that blocking TGFb1
signaling during stress conditions, accelerates HSC multi-lineage
cellular reconstitution and delay the return of cycling HSCs to
quiescence (13). TGFb, due to its pleiotropic role has different
effects, which are cell type specific. TGFb1 induces the
proliferation of human BM MSCs and the deposition of
collagen mimicking the fibrotic futures of MSCs derived from
MF (57). We have reported that patients with MF have
dramatically increased levels of TGFb1 from plasma and MK
cultures in comparison to the healthy donors, which supports the
predominance of MF-HSCs by altering the hematopoietic
microenvironment and enhancing the quiescence of a reservoir
of normal HSCs (58, 59). In comparison to TGFb2 isoform, a
positive regulator of normal hematopoiesis (60, 61), TGFb1 and
TGFb3 inhibit normal hematopoiesis through the canonical
SMAD-dependent signaling pathway (8, 13, 58). Treatment
with a TGFb1/3 specific protein trap (AVID200) restored
normal hematopoiesis in MF patient samples that were
responsive to TGFb and reduced fibrosis in Gata1low mice
(58). More precisely, AVID200 treatment led to an increase in
the number of HPCs with wild type JAK2 by blocking TGFb1-
induced p57Kip2, GATA2, p21 expression and SMAD2 activation
followed by a reduction of JAK2V617F mutated clones,
suggesting that the specific TGFb1/3 inhibition can restore
normal hematopoiesis by allowing wild type HPSCs to exit
quiescence (58). While this was pronounced in MF samples
that were sensitive to TGFb1, in resistant MF patient samples,
AVID200 was not able to affect TGFb downstream targets (58).
HSPCs from JAK2V167F+ patients have been reported to be
characterized by a high degree of heterogeneity with different
genetic sub-clones and sub-fractions of MK progenitors
transcriptionally similar to healthy donors that can play a role
in the MF evolution and therapy response (32). Our studies
helped to confirm the existence of the heterogeneity in MF
patient samples as regards to response to TGFb and to
elucidate the origin of resistance to AVID200 which might
allow one to gain further insight into improved treatment
approaches. We observed that in MF patient specimens
resistant to TGFb1, MK conditioned media contained higher
levels of TGFb1, accompanied by higher JAK2V617F allele
burdens and by additional mutations that could have altered
the TGFb response (58). TGFb has been previously reported to
inhibit normal MKs production. In thrombocytopenic MF
patients that were ineligible for ruxolitinib therapy, in a phase
I clinical trial of AVID200 therapy led to substantial increases in
platelet numbers and reduction of TGFb1 serum levels
indicating that TGFb1 plays a pivotal role in MF associated
thrombocytopenia which can be reversed with AVID200 therapy
(59). However, 6 months of AVID200 in advanced MF patient
population did not lead to reductions in BM fibrosis. These
clinical data suggest that AVID200 might be best employed if
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administered for longer periods, at earlier stages of MF or in
combination with another drug active in treating MF.

In addition,TGFb activates MSCs which participate in
the amplification and differentiation of hematopoietic clones as
a consequence of altered HSC-niche cross talk. In human and
murine MF, MSCs as fibrosis driving cells are characterized
by a significant upregulation of JAK/STAT and TGFb
signaling pathways.

MSCs can be activated as well by inflammatory cytokines
secreted by malignant HSC clones and once activated can
become inflammatory imprinted and their activation causes an
altered cross talk between HSCs and stroma within their BM
niche (62). These data suggests that MSCs are important
additional therapeutic targets in MF. We have reported that
TGFb1 from conditioned media derived from MF MK cultures
induced proliferation of normal MSCs and collagen production
and that AVID200 treatment was able to block MSCs
proliferation and collagen production by blocking pSMAD2
and pJNKs activation pathways (58).

Ultimately, MSCs are the cell population responsible for
initiating BM fibrosis in both murine and human MF. Based
on transcriptomic pathway analyses during the course of the
disease, MF-MSCs pre-fibrotic can be distinguished from overt
fibrosis MF-MSCs. More precisely, two distinct subpopulations
in the MSC compartment have been identified with adipogenic
and osteogenic signatures respectively during the pre-fibrotic
stage and at the time of acquisition of the fibrotic phenotype (63).
The pre-fibrotic stage is characterized by a heterogeneous
inflammatory signature. Conversely, overt fibrosis MSC subsets
were characterized by higher expression of TGFb1 as compared
to pre-fibrotic MSCs (63), indicating that additional events likely
precede TGFb signaling in the biogenesis of MF. Moreover,
single-cell RNA sequencing reveal that pre-fibrotic MSCs express
the alarmin S100A8/S100A9 heterocomplex (63) which act
through the inflammatory activating endogenous toll-like
receptor 4 (TLR4) as a mediator of MF development prior to
the time that TGFb plays an active role (41). TLRs are critical
mediators involved in innate immune signaling and are
overexpressed in HSCs isolated from MF patients where
chronic inflammation, pro-inflammatory cytokines and
immune defects are linked to the development of MF.
Fibronectin can stimulate TLR4 production contributing to cell
proliferation and dysregulated megakaryopoiesis. Alarmins,
secreted by MSCs and HSCs, are also associated with
activation of NOD-like receptor protein 3 inflammasome,
leading to ineffective hematopoiesis, DNA damage and
consequent production of IL-1b and IL-18 by HSC progenitors
(64–66). These data suggest that mutated HSCs can initiate a
vicious cycle of inflammation within the stem niche, leading to
decreased support of normal hematopoiesis and sustaining the
progression of HSCs malignancy. The expression of alarmins in
MF has been associated with progression toward the fibrotic
phase and their activity can be blocked by a small molecule
inhibitor tasquinimod that impedes alarmin interaction with
TLR4 leading to a significant reduction of the MF phenotype
(63). These data raise the possibility that tasquinimod or a
May 2022 | Volume 12 | Article 906698
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similar acting drug can target the tumor microenvironment and
in combination with immunotherapeutic agents can increase
tumor immune responses. Overall, our increased understanding
of MK development may lead to more precise therapeutic
strategies that can be used to target MF-HSCs and stroma at
different stages of the disease (Figure 1).
CONCLUSION

The MPNs are clonal hematopoietic disorders with profound
degrees of systemic inflammation. The release of inflammatory
mediators by clonal hematopoietic cell populations remodels the
HSC compartment promoting the emergence of disease and
progression. It is crucial that future studies focus on better
understanding how inflammation and innate immune pathways
regulate the interactions of HSCs with the HSC niche both during
normal and malignancy-associated hematopoiesis.

Conventional treatments for MF are focused on controlling
symptoms and have limited MPN-disease modifying potential.
Due to the critical role that MKs play in MF, clinical trials that
can more optimally target the dysregulated MKs are needed.
Numerous trials are being developed to assess whether targeting
Frontiers in Oncology | www.frontiersin.org May 2022 | Volume 12 | Article 906695
the inflammatory pathways can modify MF disease progression.
MF with advanced marrow fibrosis is associated with excessive
production of fibrogenic, pro-inflammatory cytokines and cell
contact mediated inflammatory activators, and therefore
interruption of vicious inflammatory cycle with a single agent
therapy seems unlikely. Therapeutic approaches targeting MKs
might be more successful if used early on in the course of the
disease preventing MK/MF HSC interactions as well as
differentiation of pro-fibrotic stromal cell populations and their
interaction with hematopoietic clones.
AUTHOR CONTRIBUTIONS

LV and RH conceptualized and designed the outline for the
manuscript, wrote, edited and approved the manuscript.
FUNDING

This work was supported by the National Cancer Institute
Program Project grant P01CA108671.
REFERENCES
1. Mead AJ, Mullally A. Myeloproliferative Neoplasm Stem Cells. Blood (2017)

129(12):1607–16. doi: 10.1182/blood-2016-10-696005
2. Tefferi A, Guglielmelli P, Larson DR, Finke C, Wassie EA, Pieri L, et al. Long-

Term Survival and Blast Transformation in Molecularly Annotated Essential
Thrombocythemia, Polycythemia Vera, and Myelofibrosis. Blood (2014) 124
(16):2507–13. doi: 10.1182/blood-2014-05-579136

3. Balduini A, Badalucco S, Pugliano MT, Baev D, De Silvestri A, Cattaneo M, et al.
In VitroMegakaryocyte Differentiation and Proplatelet Formation in Ph-Negative
Classical Myeloproliferative Neoplasms: Distinct Patterns in the Different Clinical
Phenotypes. PloS One (2011) 6(6):e21015. doi: 10.1371/journal.pone.0021015

4. Prakash S, Orazi A. How I Diagnose Primary Myelofibrosis. Am J Clin Pathol
(2022) 157(4):518–30. doi: 10.1093/ajcp/aqac016

5. Noetzli LJ, French SL, Machlus KR. New Insights Into the Differentiation of
Megakaryocytes From Hematopoietic Progenitors. Arterioscler Thromb Vasc
Biol (2019) 39(7):1288–300. doi: 10.1161/ATVBAHA.119.312129

6. Ciurea SO, Merchant D, Mahmud N, Ishii T, Zhao Y, Hu W, et al. Pivotal
Contributions of Megakaryocytes to the Biology of Idiopathic Myelofibrosis.
Blood (2007) 110(3):986–93. doi: 10.1182/blood-2006-12-064626
FIGURE 1 | Main mediators in myelofibrosis and combination therapies are required to enhance the MF-modifying potential of ruxolitinib. (i) Clonal MF-HSCs events
are favored by inflammatory stimuli. (ii) MF-HSCs will further differentiate into MKs and monocytes producing increased TGFb1 and S100A8/S100A9 that modify the
BM microenvironment and activate TGFbR1/TLR4 from MSCs. (iii) TGFb1 ligand increases PD-1 expression on T cells and, PD-L1 expressed on the platelets
interact with PD-1 on T cells causing its exhaustion. (iiv) As a result, the interruption of these MF-HSC mediators by a single pharmacologic inhibitor will be
ineffective in reducing MF-HSCs unless used in combination therapy.
8

https://doi.org/10.1182/blood-2016-10-696005
https://doi.org/10.1182/blood-2014-05-579136
https://doi.org/10.1371/journal.pone.0021015
https://doi.org/10.1093/ajcp/aqac016
https://doi.org/10.1161/ATVBAHA.119.312129
https://doi.org/10.1182/blood-2006-12-064626
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Varricchio and Hoffman Targeting Tumor Microenvironment in Myelofibrosis
7. Masselli E, Carubbi C, Gobbi G, Mirandola P, Galli D, Martini S, et al. Protein
Kinase Cvarepsilon Inhibition Restores Megakaryocytic Differentiation of
Hematopoietic Progenitors From Primary Myelofibrosis Patients. Leukemia
(2015) 29(11):2192–201. doi: 10.1038/leu.2015.150

8. Brenet F, Kermani P, Spektor R, Rafii S, Scandura JM. TGFbeta Restores
Hematopoietic Homeostasis After Myelosuppressive Chemotherapy. J Exp
Med (2013) 210(3):623–39. doi: 10.1084/jem.20121610

9. Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen K, Wang Y, et al.
TGFbeta Attenuates Tumour Response to PD-L1 Blockade by Contributing to
Exclusion of T Cells. Nature (2018) 554(7693):544–8. doi: 10.1038/
nature25501

10. Tauriello DVF, Palomo-Ponce S, Stork D, Berenguer-Llergo A, Badia-
Ramentol J, Iglesias M, et al. TGFbeta Drives Immune Evasion in
Genetically Reconstituted Colon Cancer Metastasis. Nature (2018) 554
(7693):538–43. doi: 10.1038/nature25492

11. Vannucchi AM, Bianchi L, Paoletti F, Pancrazzi A, Torre E, Nishikawa M,
et al. A Pathobiologic Pathway Linking Thrombopoietin, GATA-1, and TGF-
Beta1 in the Development of Myelofibrosis. Blood (2005) 105(9):3493–501.
doi: 10.1182/blood-2004-04-1320

12. Centurione L, Di Baldassarre A, Zingariello M, Bosco D, Gatta V, Rana RA,
et al. Increased and Pathologic Emperipolesis of Neutrophils Within
Megakaryocytes Associated With Marrow Fibrosis in GATA-1(Low) Mice.
Blood (2004) 104(12):3573–80. doi: 10.1182/blood-2004-01-0193

13. Zhao M, Perry JM, Marshall H, Venkatraman A, Qian P, He XC, et al.
Megakaryocytes Maintain Homeostatic Quiescence and Promote Post-Injury
Regeneration of Hematopoietic Stem Cells. Nat Med (2014) 20(11):1321–6.
doi: 10.1038/nm.3706

14. Bruns I, Lucas D, Pinho S, Ahmed J, Lambert MP, Kunisaki Y, et al.
Megakaryocytes Regulate Hematopoietic Stem Cell Quiescence Through
CXCL4 Secretion. Nat Med (2014) 20(11):1315–20. doi: 10.1038/nm.3707

15. Lefrancais E, Ortiz-Munoz G, Caudrillier A, Mallavia B, Liu F, Sayah DM,
et al. The Lung Is a Site of Platelet Biogenesis and a Reservoir for
Haematopoietic Progenitors. Nature (2017) 544(7648):105–9. doi: 10.1038/
nature21706

16. Hasselbalch HC. Chronic Inflammation as a Promotor of Mutagenesis in
Essential Thrombocythemia, Polycythemia Vera and Myelofibrosis. A Human
Inflammation Model for Cancer Development? Leuk Res (2013) 37(2):214–20.
doi: 10.1016/j.leukres.2012.10.020

17. Lussana F, Rambaldi A. Inflammation and Myeloproliferative Neoplasms.
J Autoimmun (2017) 85:58–63. doi: 10.1016/j.jaut.2017.06.010

18. Geyer HL, Dueck AC, Scherber RM, Mesa RA. Impact of Inflammation on
Myeloproliferative Neoplasm Symptom Development. Mediators Inflamm
(2015) 2015:284706. doi: 10.1155/2015/284706

19. Akada H, Yan D, Zou H, Fiering S, Hutchison RE, Mohi MG. Conditional
Expression of Heterozygous or Homozygous Jak2V617F From Its
Endogenous Promoter Induces a Polycythemia Vera-Like Disease. Blood
(2010) 115(17):3589–97. doi: 10.1182/blood-2009-04-215848

20. Marty C, Pecquet C, Nivarthi H, El-Khoury M, Chachoua I, Tulliez M, et al.
Calreticulin Mutants in Mice Induce an MPL-Dependent Thrombocytosis
With Frequent Progression to Myelofibrosis. Blood (2016) 127(10):1317–24.
doi: 10.1182/blood-2015-11-679571

21. Pikman Y, Lee BH, Mercher T, McDowell E, Ebert BL, Gozo M, et al.
MPLW515L Is a Novel Somatic Activating Mutation in Myelofibrosis With
Myeloid Metaplasia. PloS Med (2006) 3(7):e270. doi: 10.1371/
journal.pmed.0030270

22. Villeval JL, Cohen-Solal K, Tulliez M, Giraudier S, Guichard J, Burstein SA,
et al. High Thrombopoietin Production by Hematopoietic Cells Induces a
Fatal Myeloproliferative Syndrome in Mice. Blood (1997) 90(11):4369–83. doi:
10.1182/blood.V90.11.4369

23. Vannucchi AM, Bianchi L, Cellai C, Paoletti F, Rana RA, Lorenzini R, et al.
Development of Myelofibrosis in Mice Genetically Impaired for GATA-1
Expression (GATA-1(Low) Mice). Blood (2002) 100(4):1123–32. doi: 10.1182/
blood-2002-06-1913

24. Haas S, Hansson J, Klimmeck D, Loeffler D, Velten L, Uckelmann H, et al.
Inflammation-Induced Emergency Megakaryopoiesis Driven by
Hematopoietic Stem Cell-Like Megakaryocyte Progenitors. Cell Stem Cell
(2015) 17(4):422–34. doi: 10.1016/j.stem.2015.07.007
Frontiers in Oncology | www.frontiersin.org 6
25. Fleischman AG, Aichberger KJ, Luty SB, Bumm TG, Petersen CL, Doratotaj S,
et al. TNFalpha Facilitates Clonal Expansion of JAK2V617F Positive Cells in
Myeloproliferative Neoplasms. Blood (2011) 118(24):6392–8. doi: 10.1182/
blood-2011-04-348144

26. Lu M, Xia L, Liu YC, Hochman T, Bizzari L, Aruch D, et al. Lipocalin
Produced by Myelofibrosis Cells Affects the Fate of Both Hematopoietic and
MarrowMicroenvironmental Cells. Blood (2015) 126(8):972–82. doi: 10.1182/
blood-2014-12-618595

27. Koschmieder S, Mughal TI, Hasselbalch HC, Barosi G, Valent P, Kiladjian JJ,
et al. Myeloproliferative Neoplasms and Inflammation: Whether to Target the
Malignant Clone or the Inflammatory Process or Both. Leukemia (2016) 30
(5):1018–24. doi: 10.1038/leu.2016.12

28. Verstovsek S, Manshouri T, Pilling D, Bueso-Ramos CE, Newberry KJ, Prijic
S, et al. Role of Neoplastic Monocyte-Derived Fibrocytes in Primary
Myelofibrosis. J Exp Med (2016) 213(9):1723–40. doi: 10.1084/jem.20160283

29. Fujiwara N, Kobayashi K. Macrophages in Inflammation. Curr Drug Targets
Inflammation Allergy (2005) 4(3):281–6. doi: 10.2174/1568010054022024

30. Molitor DCA, Boor P, Buness A, Schneider RK, Teichmann LL, Korber RM,
et al. Macrophage Frequency in the Bone Marrow Correlates With
Morphologic Subtype of Myeloproliferative Neoplasm. Ann Hematol (2021)
100(1):97–104. doi: 10.1007/s00277-020-04304-y

31. Sun S, Jin C, Si J, Lei Y, Chen K, Cui Y, et al. Single-Cell Analysis of Ploidy and
the Transcriptome Reveals Functional and Spatial Divergency in Murine
Megakaryopoiesis. Blood (2021) 138(14):1211–24. doi: 10.1182/
blood.2021010697

32. Psaila B, Wang G, Rodriguez-Meira A, Li R, Heuston EF, Murphy L, et al.
Single-Cell Analyses Reveal Megakaryocyte-Biased Hematopoiesis in
Myelofibrosis and Identify Mutant Clone-Specific Targets. Mol Cell (2020)
78(3):477–92.e8. doi: 10.1016/j.molcel.2020.04.008

33. Tefferi A. Primary Myelofibrosis: 2021 Update on Diagnosis, Risk-
Stratification and Management. Am J Hematol (2021) 96(1):145–62. doi:
10.1002/ajh.26050

34. Gaines P, Geiger JN, Knudsen G, Seshasayee D, Wojchowski DM. GATA-1-
and FOG-Dependent Activation of Megakaryocytic Alpha IIB Gene
Expression. J Biol Chem (2000) 275(44):34114–21. doi: 10.1074/
jbc.M006017200

35. Wang X, Crispino JD, Letting DL, Nakazawa M, Poncz M, Blobel GA. Control
of Megakaryocyte-Specific Gene Expression by GATA-1 and FOG-1: Role of
Ets Transcription Factors. EMBO J (2002) 21(19):5225–34. doi: 10.1093/
emboj/cdf527

36. Gilles L, Arslan AD, Marinaccio C, Wen QJ, Arya P, McNulty M, et al.
Downregulation of GATA1 Drives Impaired Hematopoiesis in Primary
Myelofibrosis. J Clin Inv (2017) 127(4):1316–20. doi: 10.1172/JCI82905

37. Zingariello M, Martelli F, Ciaffoni F, Masiello F, Ghinassi B, D'Amore E, et al.
Characterization of the TGF-Beta1 Signaling Abnormalities in the Gata1low
Mouse Model of Myelofibrosis. Blood (2013) 121(17):3345–63. doi: 10.1182/
blood-2012-06-439661

38. Schepers K, Pietras EM, Reynaud D, Flach J, Binnewies M, Garg T, et al.
Myeloproliferative Neoplasia Remodels the Endosteal Bone Marrow Niche
Into a Self-Reinforcing Leukemic Niche. Cell Stem Cell (2013) 13(3):285–99.
doi: 10.1016/j.stem.2013.06.009

39. Brown JD, Lin CY, Duan Q, Griffin G, Federation A, Paranal RM, et al. NF-
kappaB Directs Dynamic Super Enhancer Formation in Inflammation and
Atherogenes is . Mol Cel l (2014) 56(2) :219–31. doi : 10 .1016/
j.molcel.2014.08.024

40. Kleppe M, Kwak M, Koppikar P, Riester M, Keller M, Bastian L, et al. JAK-
STAT Pathway Activation in Malignant and Nonmalignant Cells Contributes
to MPN Pathogenesis and Therapeutic Response. Cancer Discovery (2015) 5
(3):316–31. doi: 10.1158/2159-8290.CD-14-0736

41. Fisher DAC, Miner CA, Engle EK, Hu H, Collins TB, Zhou A, et al. Cytokine
Production in Myelofibrosis Exhibits Differential Responsiveness to JAK-
STAT, MAP Kinase, and NFkappaB Signaling. Leukemia (2019) 33(8):1978–
95. doi: 10.1038/s41375-019-0379-y

42. Prestipino A, Emhardt AJ, Aumann K, O'Sullivan D, Gorantla SP, Duquesne
S, et al. Oncogenic JAK2(V617F) Causes PD-L1 Expression, Mediating
Immune Escape in Myeloproliferative Neoplasms. Sci Transl Med (2018) 10
(429):1–25. doi: 10.1126/scitranslmed.aam7729
May 2022 | Volume 12 | Article 906698

https://doi.org/10.1038/leu.2015.150
https://doi.org/10.1084/jem.20121610
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/nature25492
https://doi.org/10.1182/blood-2004-04-1320
https://doi.org/10.1182/blood-2004-01-0193
https://doi.org/10.1038/nm.3706
https://doi.org/10.1038/nm.3707
https://doi.org/10.1038/nature21706
https://doi.org/10.1038/nature21706
https://doi.org/10.1016/j.leukres.2012.10.020
https://doi.org/10.1016/j.jaut.2017.06.010
https://doi.org/10.1155/2015/284706
https://doi.org/10.1182/blood-2009-04-215848
https://doi.org/10.1182/blood-2015-11-679571
https://doi.org/10.1371/journal.pmed.0030270
https://doi.org/10.1371/journal.pmed.0030270
https://doi.org/10.1182/blood.V90.11.4369
https://doi.org/10.1182/blood-2002-06-1913
https://doi.org/10.1182/blood-2002-06-1913
https://doi.org/10.1016/j.stem.2015.07.007
https://doi.org/10.1182/blood-2011-04-348144
https://doi.org/10.1182/blood-2011-04-348144
https://doi.org/10.1182/blood-2014-12-618595
https://doi.org/10.1182/blood-2014-12-618595
https://doi.org/10.1038/leu.2016.12
https://doi.org/10.1084/jem.20160283
https://doi.org/10.2174/1568010054022024
https://doi.org/10.1007/s00277-020-04304-y
https://doi.org/10.1182/blood.2021010697
https://doi.org/10.1182/blood.2021010697
https://doi.org/10.1016/j.molcel.2020.04.008
https://doi.org/10.1002/ajh.26050
https://doi.org/10.1074/jbc.M006017200
https://doi.org/10.1074/jbc.M006017200
https://doi.org/10.1093/emboj/cdf527
https://doi.org/10.1093/emboj/cdf527
https://doi.org/10.1172/JCI82905
https://doi.org/10.1182/blood-2012-06-439661
https://doi.org/10.1182/blood-2012-06-439661
https://doi.org/10.1016/j.stem.2013.06.009
https://doi.org/10.1016/j.molcel.2014.08.024
https://doi.org/10.1016/j.molcel.2014.08.024
https://doi.org/10.1158/2159-8290.CD-14-0736
https://doi.org/10.1038/s41375-019-0379-y
https://doi.org/10.1126/scitranslmed.aam7729
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Varricchio and Hoffman Targeting Tumor Microenvironment in Myelofibrosis
43. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement of
PD-L1 on Tumor Cells in the Escape From Host Immune System and Tumor
Immunotherapy by PD-L1 Blockade. Proc Natl Acad Sci USA (2002) 99
(19):12293–7. doi: 10.1073/pnas.192461099

44. Lee HT, Lee SH, Heo YS. Molecular Interactions of Antibody Drugs Targeting
PD-1, PD-L1, and CTLA-4 in Immuno-Oncology. Molecules (2019) 24(6):1–
16. doi: 10.3390/molecules24061190

45. Hobbs G, Cimen Bozkus C, Moshier E, Dougherty M, Bar-Natan M, Sandy L,
et al. PD-1 Inhibition in Advanced Myeloproliferative Neoplasms. Blood Adv
(2021) 5(23):5086–97. doi: 10.1182/bloodadvances.2021005491

46. Martin CJ, Datta A, Littlefield C, Kalra A, Chapron C, Wawersik S, et al.
Selective Inhibition of TGFbeta1 Activation Overcomes Primary Resistance to
Checkpoint Blockade Therapy by Altering Tumor Immune Landscape. Sci
Transl Med (2020) 12(536):1–15. doi: 10.1126/scitranslmed.aay8456

47. Chen X, Wang L, Li P, Song M, Qin G, Gao Q, et al. Dual TGF-Beta and PD-1
Blockade Synergistically Enhances MAGE-A3-Specific CD8(+) T Cell
Response in Esophageal Squamous Cell Carcinoma. Int J Canc (2018) 143
(10):2561–74. doi: 10.1002/ijc.31730

48. Tran DQ. TGF-Beta: The Sword, the Wand, and the Shield of FOXP3(+)
Regulatory T Cells. J Mol Cell Biol (2012) 4(1):29–37. doi: 10.1093/jmcb/mjr033

49. Hori S, Nomura T, Sakaguchi S. Control of Regulatory T Cell Development by
the Transcription Factor Foxp3. Science (2003) 299(5609):1057–61. doi:
10.1126/science.1079490

50. Budhu S, Schaer DA, Li Y, Toledo-Crow R, Panageas K, Yang X, et al.
Blockade of Surface-Bound TGF-Beta on Regulatory T Cells Abrogates
Suppression of Effector T Cell Function in the Tumor Microenvironment.
Sci Signal (2017) 10(494):1–28. doi: 10.1126/scisignal.aak9702

51. Contreras A, Beems MV, Tatar AJ, Sen S, Srinand P, Suresh M, et al. Co-
Transfer of Tumor-Specific Effector and Memory CD8+ T Cells Enhances the
Efficacy of Adoptive Melanoma Immunotherapy in a Mouse Model.
J Immunother Canc (2018) 6(1):41. doi: 10.1186/s40425-018-0358-2

52. Lan Y, Zhang D, Xu C, Hance KW, Marelli B, Qi J, et al. Enhanced Preclinical
Antitumor Activity of M7824, a Bifunctional Fusion Protein Simultaneously
Targeting PD-L1 and TGF-Beta. Sci Transl Med (2018) 10(424):1–15. doi:
10.1126/scitranslmed.aan5488

53. Lind H, Gameiro SR, Jochems C, Donahue RN, Strauss J, Gulley JM, et al.
Dual Targeting of TGF-Beta and PD-L1 via a Bifunctional Anti-PD-L1/TGF-
betaRII Agent: Status of Preclinical and Clinical Advances. J Immunother
Canc (2020) 8(1):1–10. doi: 10.1136/jitc-2019-000433

54. Sow HS, Ren J, Camps M, Ossendorp F, Ten Dijke P. Combined Inhibition of
TGF-Beta Signaling and the PD-L1 Immune Checkpoint Is Differentially
Effective in Tumor Models. Cells (2019) 8(4):1–14. doi: 10.3390/cells8040320

55. Principe DR, Park A, Dorman MJ, Kumar S, Viswakarma N, Rubin J, et al.
TGFbeta Blockade Augments PD-1 Inhibition to Promote T-Cell-Mediated
Regression of Pancreatic Cancer. Mol Cancer Ther (2019) 18(3):613–20. doi:
10.1158/1535-7163.MCT-18-0850

56. Heazlewood SY, Neaves RJ, Williams B, Haylock DN, Adams TE, Nilsson SK.
Megakaryocytes Co-Localise With Hemopoietic Stem Cells and Release
Cytokines That Up-Regulate Stem Cell Proliferation. Stem Cell Res (2013)
11(2):782–92. doi: 10.1016/j.scr.2013.05.007

57. Yue L, Bartenstein M, Zhao W, Ho WT, Han Y, Murdun C, et al. Efficacy of
ALK5 Inhibition in Myelofibrosis. JCI Insight (2017) 2(7):e90932. doi:
10.1172/jci.insight.90932
Frontiers in Oncology | www.frontiersin.org 7
58. Varricchio L, Iancu-Rubin C, Upadhyaya B, Zingariello M, Martelli F, Verachi
P, et al. TGF-Beta1 Protein Trap AVID200 Beneficially Affects Hematopoiesis
and Bone Marrow Fibrosis in Myelofibrosis. JCI Insight (2021) 6(18):1–18.
doi: 10.1172/jci.insight.145651

59. Mascarenhas J, Kosiorek HE, Bhave R, Palmer JM, Kuykendall AT, Mesa RA,
et al. Treatment of Myelofibrosis Patients With the TGF-b 1/3 Inhibitor
AVID200 (MPN-RC 118) Induces a Profound Effect on Platelet Production.
Blood (2021) 138(Supplement 1):142. doi: 10.1182/blood-2021-148995

60. Langer JC, Henckaerts E, Orenstein J, Snoeck HW. Quantitative Trait
Analysis Reveals Transforming Growth Factor-Beta2 as a Positive Regulator
of Early Hematopoietic Progenitor and Stem Cell Function. J Exp Med (2004)
199(1):5–14. doi: 10.1084/jem.20030980

61. Bartram U, Molin DG, Wisse LJ, Mohamad A, Sanford LP, Doetschman T,
et al. Double-Outlet Right Ventricle and Overriding Tricuspid Valve Reflect
Disturbances of Looping, Myocardialization, Endocardial Cushion
Differentiation, and Apoptosis in TGF-Beta(2)-Knockout Mice. Circulation
(2001) 103(22):2745–52. doi: 10.1161/01.CIR.103.22.2745

62. Desterke C, Martinaud C, Ruzehaji N, Le Bousse-Kerdiles MC. Inflammation
as a Keystone of Bone Marrow Stroma Alterations in Primary Myelofibrosis.
Mediators Inflamm (2015) 2015:415024. doi: 10.1155/2015/415024

63. Leimkuhler NB, Gleitz HFE, Ronghui L, Snoeren IAM, Fuchs SNR, Nagai JS,
et al. Heterogeneous Bone-Marrow Stromal Progenitors Drive Myelofibrosis
via a Druggable Alarmin Axis. Cell Stem Cell (2021) 28(4):637–52.e8. doi:
10.1016/j.stem.2020.11.004

64. Zambetti NA, Ping Z, Chen S, Kenswil KJG, Mylona MA, Sanders MA, et al.
Mesenchymal Inflammation Drives Genotoxic Stress in Hematopoietic Stem
Cells and Predicts Disease Evolution in Human Pre-Leukemia. Cell Stem Cell
(2016) 19(5):613–27. doi: 10.1016/j.stem.2016.08.021

65. Sallman DA, List A. The Central Role of Inflammatory Signaling in the
Pathogenesis of Myelodysplastic Syndromes. Blood (2019) 133(10):1039–48.
doi: 10.1182/blood-2018-10-844654

66. Barreyro L, Chlon TM, Starczynowski DT. Chronic Immune Response
Dysregulation in MDS Pathogenesis. Blood (2018) 132(15):1553–60. doi:
10.1182/blood-2018-03-784116

Conflict of Interest: The authors declare that the research was conducted with the
financial support of Forbius who provided AVID200 and research support for the
preclinical studies as well as partial support for the clinical trial of AVID200,
which was used to assist with regulatory matters. Forbius did not influence the
outcomes of these studies.

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 Varricchio and Hoffman. 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.
May 2022 | Volume 12 | Article 906698

https://doi.org/10.1073/pnas.192461099
https://doi.org/10.3390/molecules24061190
https://doi.org/10.1182/bloodadvances.2021005491
https://doi.org/10.1126/scitranslmed.aay8456
https://doi.org/10.1002/ijc.31730
https://doi.org/10.1093/jmcb/mjr033
https://doi.org/10.1126/science.1079490
https://doi.org/10.1126/scisignal.aak9702
https://doi.org/10.1186/s40425-018-0358-2
https://doi.org/10.1126/scitranslmed.aan5488
https://doi.org/10.1136/jitc-2019-000433
https://doi.org/10.3390/cells8040320
https://doi.org/10.1158/1535-7163.MCT-18-0850
https://doi.org/10.1016/j.scr.2013.05.007
https://doi.org/10.1172/jci.insight.90932
https://doi.org/10.1172/jci.insight.145651
https://doi.org/10.1182/blood-2021-148995
https://doi.org/10.1084/jem.20030980
https://doi.org/10.1161/01.CIR.103.22.2745
https://doi.org/10.1155/2015/415024
https://doi.org/10.1016/j.stem.2020.11.004
https://doi.org/10.1016/j.stem.2016.08.021
https://doi.org/10.1182/blood-2018-10-844654
https://doi.org/10.1182/blood-2018-03-784116
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Megakaryocytes Are Regulators of the Tumor Microenvironment and Malignant Hematopoietic Progenitor Cells in Myelofibrosis
	Introduction
	Alterations in Myelofibrosis- Megakaryocyte Development
	Myelofibrosis Microenvironment and Clonal Hematopoiesis
	MEGAKARYOCYTES Are Important Components of the Hematopoietic Niche
	Conclusion
	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 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

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


