
including suppressor of cytokine sig-
naling 1 (SOCS1), were most frequently
altered in this study. Mottok et al1(Fig1)

provide a heat map of driver mutations.
Interestingly, the driver gene mutation
profile in PMBL was found to be more
similar to that in Hodgkin lymphoma than
to that in DLBCL, underscoring the pre-
vious gene expression observations
and potentially blended biology of PMBL,
which may represent an intermediate ma-
lignancy betweenHodgkin and non-Hodgkin
lymphoma.

Altogether, Mottok et al provided a de-
tailed characterization of the genomic
landscape and correlations with gene
expression levels of a large, well-defined
cohort of patients with PMBL that should
facilitate our understanding of PMBL bi-
ology, support the development of accu-
rate diagnostics, and encourage design
of therapeutic approaches aimed at re-
storing tumor immune recognition and
targeting other vulnerabilities.9,10

Conflict-of-interest disclosure: L.M.R. is an
inventor on a patented, nonlicensed, assay
known as the Lymph3Cx. n

REFERENCES
1. Mottok A, Hung SS, Chavez EA, et al.

Integrative genomic analysis identifies key
pathogenic mechanisms in primary mediasti-
nal large B-cell lymphoma. Blood. 2019;
134(10):802-813.

2. Mottok A, Wright G, Rosenwald A, et al.
Molecular classification of primary mediastinal
large B-cell lymphoma using routinely avail-
able tissue specimens. Blood. 2018;132(22):
2401-2405.

3. Savage KJ, Monti S, Kutok JL, et al. The
molecular signature of mediastinal large B-cell
lymphoma differs from that of other diffuse
large B-cell lymphomas and shares features
with classical Hodgkin lymphoma. Blood.
2003;102(12):3871-3879.

4. Rosenwald A, Wright G, Leroy K, et al.
Molecular diagnosis of primary mediastinal
B cell lymphoma identifies a clinically favor-
able subgroup of diffuse large B cell lym-
phoma related to Hodgkin lymphoma. J Exp
Med. 2003;198(6):851-862.

5. Dunleavy K, Pittaluga S, Maeda LS, et al.
Dose-adjusted EPOCH-rituximab therapy
in primary mediastinal B-cell lymphoma.
N Engl J Med. 2013;368(15):1408-1416.

6. Jejaw A, Zemene E, Alemu Y, Mengistie Z.
High prevalence of Schistosoma mansoni and
other intestinal parasites among elementary
school children in Southwest Ethiopia: a cross-
sectional study. BMC Public Health. 2015;
15(1):600.

7. Mottok A, Woolcock B, Chan FC, et al.
Genomic alterations in CIITA are frequent in
primary mediastinal large B cell lymphoma

and are associated with diminished MHC class
II expression. Cell Reports. 2015;13(7):
1418-1431.

8. Twa DD, Chan FC, Ben-Neriah S, et al.
Genomic rearrangements involving pro-
grammed death ligands are recurrent in pri-
mary mediastinal large B-cell lymphoma.
Blood. 2014;123(13):2062-2065.

9. Scott DW, Gascoyne RD. The tumour micro-
environment in B cell lymphomas. Nat Rev
Cancer. 2014;14(8):517-534.

10. Green MR, Monti S, Rodig SJ, et al.
Integrative analysis reveals selective 9p24.1
amplification, increased PD-1 ligand expres-
sion, and further induction via JAK2 in
nodular sclerosing Hodgkin lymphoma
and primary mediastinal large B-cell
lymphoma. Blood. 2010;116(17):
3268-3277.

DOI 10.1182/blood.2019002493

© 2019 by The American Society of Hematology

MYELOID NEOPLASIA

Comment on Maekawa et al, page 814

SLAM dunk
for myelofibrosis?
Bridget K. Marcellino and John Mascarenhas | Icahn School of Medicine at
Mount Sinai

In this issue of Blood, Maekawa et al reveal that signaling lymphocyte acti-
vation molecule F7 (SLAMF7) may be a potential therapeutic target for
modifying the bone marrow (BM) microenvironment in patients with mye-
lofibrosis (MF).1

The 2 main cellular drivers of BM fibrosis
in MF are mesenchymal stromal cells and
fibrocytes. Mesenchymal stromal cells
are not derived from the neoplastic clone
and are considered reactive mediators of
collagendeposition.2,3 Fibrocytes arise from
neoplastic monocytes, are mediators of
reticulindeposition, andhavebeenshown to
stimulate the growth of normal and neo-
plastic hematopoietic colonies.4 Maekawa
et al show an increase in the percentage
of peripheral blood SLAMF7highCD16–

monocytes in JAK2V617F1 MF patients
compared with patients who have my-
eloproliferative neoplasms (MPNs) but
do not have MF and healthy controls.
This monocyte percentage was found to
positively correlate with JAK2V617F allele
burden. Using an in vitro culture assay, the
authors show that treatment with the anti-
SLAMF7 antibody elotuzumab can inhibit
differentiation of neoplastic monocytes to
fibrogenic fibrocytes. In addition, elotuzumab
treatment of a romiplostim-induced my-
elofibrotic mouse model resulted in re-
duction in BM fibrosis and splenomegaly
(see figure panels A-B).

MF is a clonal hematopoietic stem cell
malignancy that is heterogeneous in clini-
cal presentation and disease course but
retains several hallmark biological fea-
tures, including BM fibrosis, megakaryocyte

hyperplasia, and constitutive activation of
the JAK/STAT pathway. The exact mecha-
nisms underlying disease pathogenesis and
progression are unclear but likely involve
the acquisition of somatic mutations, a
proinflammatory milieu, and a dysfunc-
tional BM microenvironment. Allogeneic
hematopoietic stem cell transplantation
remains the only potential curative op-
tion for this chronic and progressive my-
eloid neoplasm, which is feasible for
only a minority of patients. Ruxolitinib
(Jakafi, Incyte), a JAK1/2 inhibitor, is ap-
proved for the treatment of patients
with intermediate-risk or high-risk MF and
affords patients significant improvement
in disease-related symptoms and spleno-
megaly. However, hematologic, BM mor-
phologic, and molecular responses are
generally not achieved with ruxolitinib
therapy because of limited anticlonal ac-
tivity. Patients for whom ruxolitinib therapy
fails have a poor outcome, so treat-
ments that can offer modification of the
disease course with extension of survival
are urgently needed.5

The results from the study by Maekawa
et al are noteworthy and serve as pre-
clinical evidence that inhibition of SLAMF7
signaling may modulate the MF BM
microenvironment. There are limitations,
however, which should be considered in
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the study itself and in the broader aspect
of targeting the BM microenvironment.
Themurine romiplostim-inducedmodel of
MF used in this study is not a conventional
MPN model like the GATA1low or MPL-
mutant MPN murine models, and this
work should be extended to a more MPN-
relevant exemplar.

Although, the degree of BM fibrosis in
MF has been correlated with overall
survival,6 the consequence of therapeutic
reversal of BM fibrosis is unclear, and clinical
investigation has demonstrated only limited
success. It is unlikely that correction of
BM microenvironmental abnormalities
alone will cure MF, and strategies aimed

at eliminating the disease-initiating MPN
hematopoietic stem cell are needed.
The preclinical studies reported here
illustrate the potential effects of elotu-
zumab on the BM niche, but whether
there is a meaningful impact on the
MPN hematopoietic stem cell is un-
clear. Because of the absence of SLAMF7

SLAMF7

Elotuzumab

Differentiation

Differentiation

Antifibrotic
therapy

MPN stem cell
targeted therapy

JAK2V617F

JAK2V617F

JAK2V617F

JAK2V617F

JAK2V617F

JAK2V617F

JAK2V617F

JAK2V617F

HSC
JAK2V617F

HSC
JAK2V617F

HSC
JAK2 wt

HSC
JAK2 wt

HSC
JAK2 wt

HSC
JAK2 wt

JAK2V617F

JAK2V617F

JAK2V617F

JAK2V617F

JAK2V617F

JAK2 wt

Splenomegaly

BM fibrosis

BM fibrosis

CD16neg monocytes Fibrocytes

A

B

C

? Splenomegaly

SLAMF7 as a potential therapeutic target in MF. (A) In the peripheral blood of MF patients, there is an increase in the percentage of SLAMF7highCD16– monocytes and this
positively correlates with the JAK2V617F allele burden. Clonal involved, monocyte-derived fibrocytes drive BM fibrosis through cytokine production and other unknown
mechanisms. They specifically promote deposition of reticulin fibrosis in the BM and may contribute to splenomegaly. (B) The authors showed that monocytes from MF patients
treated with the anti-SLAMF7 antibody elotuzumab result in reduction of fibrocyte differentiation. Treatment of a romiplostim-induced myelofibrotic mousemodel with elotuzumab
resulted in decreased BM fibrosis and reduction in spleen size. This serves as preclinical evidence that elotuzumab may modulate the BM microenvironment in MF patients and
provide a more hospitable environment for normal hematopoiesis. (C) Elotuzumab targets the BM microenvironment through inhibiting differentiation of SLAMF7highCD16– to
neoplastic fibrocytes; however, it is unlikely that this agent has any effect on the MPN hematopoietic stem cells. A combination therapy approach targeting the MPN hematopoietic
stem cells and restoring the BM microenvironment would likely be the most effective strategy to achieve disease course modification.

790 blood® 5 SEPTEMBER 2019 | VOLUME 134, NUMBER 10

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/134/10/789/1554452/bloodbld2019002119c.pdf by guest on 02 June 2024



expression on CD341 hematopoietic
stem cells, it is unlikely that direct
anticlonal activity will be seen with
elotuzumab.7

It seems to be the case inmultiplemyeloma,
but elotuzumab monotherapy is not
clinically active unless it is used in com-
bination with antiplasma cell-directed
agents.8 Combining antifibrotic therapy
with MPN hematopoietic stem cell–
targeted therapy would likely be the
most effective treatment strategy in MF
to disarm and delete the malignant stem
cells. Combination of elotuzmab or other
antifibrotic agents such as the trans-
forming growth factor b (TGF-b) ligand
trap, AVID200 (NCT03895112), which is
already in clinical testing may be ideally
combinedwith rational partners that have
laboratory evidence of activity against the
MPN stem cell, such as MDM2 antag-
onists9 or bromodomain inhibitors10 (see
figure panel C). Ultimately, it remains
to be seen whether an antifibrotic agent
such as elotuzumab will be effective in
treating MF; however, without simulta-
neously targeting the MPN stem cell,
there is low likelihood it will be a slam
dunk as monotherapy.
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PLATELETS AND THROMBOPOIESIS

Comment on Chiu et al, page 826

Teamwork makes the dream
work in thrombopoiesis
Nathan L. Asquith and Kellie R. Machlus | Brigham and Women’s Hospital;
Harvard Medical School

In this issue of Blood, Chiu et al report the presence of functional redundancy
between the transcription factors lymphoblastic leukemia 1 protein (LYL1)
and stem cell leukemia protein (SCL) in the process of megakaryocyte (MK)
maturation and platelet production in mice.1 This discovery may provide an
answer to the long-standing mystery of why mutations in SCL protein do not
present with any phenotypic platelet disorder, whereas mutations in its
binding partner proteins GATA1, FLI1, RUNX1, and GFI1B cause hereditary
thrombocytopenia.

Platelet production is an elaborate and
complex process that begins with the
differentiation of platelet precursor cells
(MKs) from hematopoietic stem cells (HSCs).
In brief, HSCs are predominately found in
the bone marrow, where they become
lineage committed andmature intoMKs.2,3

After maturation, MKs use their cytoskele-
ton to reorganize their cytoplasm and
its contents into proplatelets, which are
released into the bloodstream.2,3 HSC
fate and MK differentiation are largely
coordinated by the temporal expression
of various transcription factors under the
direction of thrombopoietin. A substantive
body of literature has identified the
transcription factors SCL, GATA1, FLI1,
RUNX1, NFE2, and GFI1B as key regu-
lators of MK maturation and platelet
formation.4 Likewise, the loss of expression
of many of these transcription factors in
mice results in severe consequences;
Nfe2 knockout (KO) mice lack circulating

platelets,5 and Gata1-deficient mice
die before birth from severe anemia.6

However, mutations in the transcription
factor SCL surprisingly do not result in
thrombocytopenia. Chiu and colleagues
hypothesized that this was not because
it plays a nonessential role, but rather
because there is a functional redundancy
between SCL and a highly related basic
helix-loop-helix factor LYL1.

Previous studies have been unable to
address the dual roles of SCL and LYL1
because of embryonic lethality associ-
atedwith the constitutive deletion of Scl.7

To circumvent this, the authors used
platelet-specific Pf4Cre to delete Scl in
mice with an Lyl1-null background, thus
enabling the study of megakaryopoiesis
in megakaryocytes lacking both Scl and
Lyl1. In whole blood, Pf4Sclc-KO mice
exhibited mild macrothrombocytopenia
compared with wild-type (WT) littermate
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