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this issue of the JCI, Livada et al. used an array of complementary in vivo labeling and tracing models in mice to
investigate a longstanding question of where lung Mks are derived. By combining these models with stressed conditions,
the authors assessed the contribution of lung Mks to total platelet counts in a homeostatic and thrombocytopenic state.
Mks were minor contributors to the circulating pool of platelets during homeostasis but increased output during
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Adding a chapter to the lung
megakaryocyte origin story
Megakaryocytes (Mks) are rare, delicate
cells found in the bone marrow (BM), lung,
and spleen that produce clot-inducing plate-
lets. While the presence of lung Mks was
established over a century ago, little was
known about their contribution to the cir-
culating pool of platelets or whether platelet
function differed as a function of Mk tissue
residence (1, 2). Technological advances in
the last decade have allowed for a more fine-
tuned approach to investigating Mks, which
by inherent design are prone to adhering to
other cells. This makes isolation and subse-
quent manipulation very challenging. The
Livada et al. group and others (3-5) have
previously demonstrated that lung Mks may
function as antigen-presenting cells to drive
the immune response. However, the devel-
opmental origins and functional role of lung
Mks remained unknown.

Lung megakaryocytes (Mks) are a unique subset of Mks that are distinct
from their bone marrow counterparts. Recent evidence suggests that
lung Mks favor an immune phenotype, but have unclear contributions
to the total platelet mass. In this issue of the JCI, Livada et al. used an
array of complementary in vivo labeling and tracing models in mice to
investigate a longstanding question of where lung Mks are derived. By
combining these models with stressed conditions, the authors assessed
the contribution of lung Mks to total platelet counts in a homeostatic
and thrombocytopenic state. Mks were minor contributors to the
circulating pool of platelets during homeostasis but increased output
during thrombocytopenia. These findings add critical understanding to
the development of lung Mks and demonstrate the dynamic potential of
these specialized cells to respond to thrombocytopenia.

One of the primary aims of Livada et
al. in this issue of the JCI was to establish a
better understanding of lung Mk ontogeny
(6). The authors first established that a sub-
set of lung Mks are truly resident. Using the
cell-permeable dye CFSE for oropharyngeal
(OP) labeling and intravenous biotin label-
ing, they demonstrate that approximately
10%-15% of lung Mks, but not Mks from
the spleen or BM, remained labeled for one
month. Furthermore, approximately 5% of
lung Mks remained CFSE labeled at four
months. Interestingly, a one-month time
frame contrasts with the lifespan of BM
Mks, which they found to only be about sev-
en days. The authors also used a combined
parabiosis and CFSE labeling model to
demonstrate that approximately 80%-85%
of lung Mks were replaced from the circu-
lation throughout the month. The remain-
der stayed CFSE* and did not intermix
between parabionts. This finding suggests
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that lung-resident Mks, during homeostasis,
do not leave the lung to reenter the circula-
tion. How and when these resident Mks are
mobilized into the circulation has yet to be
determined. Others have demonstrated
an increase in circulatory Mks in the set-
ting of severe COVID infection and sepsis
(7-9), suggesting the possibility that severe
systemic inflammation or damage to lung
parenchyma may mediate their release and
functional activation. These circulating Mks
may then contribute to mounting an appro-
priate immune response and/or the hyper-
coagulable state often seen in hyperinflam-
matory conditions such as sepsis or acute
respiratory distress syndrome.

Livada et al. used the MDS1-Cre and
FlkSwitch models to demonstrate that alarge
majority of lung Mks are hematopoietic stem
cell (HSC) derived (approximately 85%)
and differentiated from a Flt-3-indepen-
dent lineage (85%-90%). In contrast, BM
and splenic Mks are predominantly derived
from a Flt-3-dependent lineage (10). These
diverging lineages suggest there is a distinct
mechanism by which Mks differentiate in
the BM and are released into the circula-
tion to populate the lung. Using a PF4-iDTR
mouse model, the authors also assessed how
this lung Mk population is maintained at
both steady state and in response to plate-
let depletion. After depleting lung Mks, the
authors showed that lung Mks were primar-
ily reconstituted from the circulation and
from local proliferation. Their work also
suggested the possibility of differentiation
from in situ local progenitors. Determining
which mechanism dominates in response to
a stressor or in murine models of disease is
an important question for future studies (9).
Such findings will optimize our capacity to
harness the full therapeutic potential of Mks
and their platelet progeny.

Coming to a consensus on
platelet census

The relative contribution of lung Mks con-
tributing to the circulating platelet pool
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Figure 1. Livada et al. demonstrate that lung Mks contribute to the platelet pool. Under homeostatic
conditions, lung Mks are preferentially derived from HSCs through an FLT3-independent pathway.
Approximately 5%-10% of total platelet counts are derived from lung Mks at homeostasis. Models

of acute thrombocytopenia via diphtheria toxin and chronic thrombocytopenia via malarial infection
show that lung Mk thrombopoiesis contributes approximately 20% of total platelet counts. Increased
platelet quantities coincided with increased Mk proliferation, migration of FI3* Mks from the bone
marrow, and possibly differentiation from lung HSPCs. These lung-derived platelets have an increased
responsiveness to TLR agonist and an increased rate of integration into platelet leukocyte aggregates.

has been tackled by many investigators
and remains a contentious topic. Previ-
ous estimates have ranged from 7%-98%,
and limitations in the methodologies and
calculations used to determine these esti-
mates have been previously discussed
elsewhere (1, 9). Livada et al. (6) delivered
biotin and CFSE to the lung specifically
to trace lung-derived platelets. After nor-
malizing labeled platelet counts to labeled
Mks, they concluded that approximately
5%-10% of total platelet counts were lung
derived in steady state (Figure 1). There
are, however, some notable drawbacks to
this normalization.

To minimize cross-contamination,
Livada and authors analyzed the lung Mk
platelet contribution after an initial three-
to five-day washout period. During this
washout time, shorter-lived Mks might
be lost, resulting in an underestimation of
their contribution to the total platelet pool.
This effect might be exacerbated if the

:

longer-lived Mks that remain CFSE* pro-
duce fewer platelets compared with those
transiently present in the lung. Indeed,
live, in vivo imaging of sessile lung Mks
suggests that extravascular, quiescent Mks
in the lung are smaller and produce fewer
platelets (11), and others have suggested
that thrombopoiesis is a carefully coor-
dinated form of apoptosis that ultimately
ends in Mk senescence (12-14). Therefore,
while the authors’ approach advances our
understanding of the contribution of lung
platelets to the total circulating pool, more
precise lineage-tracing studies are needed
to accurately measure their relative contri-
bution during homeostasis and disease.

Harnessing the hematopoietic
potential of the lung

Another notable finding from Livada et al.
(6) was the disproportionate contribution
of lung MKks to the circulating platelet pool
during thrombocytopenia (Figure 1). Using
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both acute (PF4-iDTR with diphtheria tox-
in) and chronic (Plasmodium yoelli [PYnL],
malaria) models of induced thrombocyto-
penia, the authors reported that lung Mks
produced approximately 20% of the total
circulating platelet pool during thrombo-
cytopenia. This contribution was accom-
panied by arelative increase in overall lung
Mk counts. The investigators also showed
that infection with PYnL three weeks after
CFSE labeling induced increased platelet
production from long-lived Mks. Over-
all, this result suggests the lung has the
capacity to augment platelet production in
response to thrombocytopenia.

The authors also demonstrated that
the platelets derived from long-lived Mks
were more sensitive to TLR stimuli and
integrated into platelet leukocyte aggre-
gates at rates higher than CFSE" platelets,
suggesting a more immune-responsive
role for lung-derived platelets. Further
work is needed to determine how the func-
tion of lung-derived platelets differs from
that of platelets in the BM in a disease
context. Heterogeneity in platelet function
should also be taken into consideration
with in vitro-based platelet production, as
tailoring platelet functionality to clinical
needs will enhance patient outcomes. For
example, maintaining competent plate-
let counts will help to minimize bleeding
risks, but transfusing hypercoagulable
platelets in the setting of sepsis may trigger
disseminated intravascular coagulation.

The overall findings shared by Livada
et al. (6) highlight the potential of the lung
as a functional hematopoietic organ. Inter-
estingly, the unique capacity of the lung
microvasculature to support platelet bio-
genesis was recently demonstrated in an ex
vivo mouse heart-lung model that served
as a bioreactor to generate platelets (15). In
addition to Mks, other groups have iden-
tified resident hematopoietic progenitor
cells in the lung (11, 16). The juxtaposition
of progenitors and Mks in the lung is of par-
ticular interest, given the symbiotic dynam-
ics between hematopoietic stem-progeni-
tor cells (HSPCs) and Mks in the BM. BM
Mks are in close proximity to HSCs and can
regulate HSC quiescence and proliferation
(17-20). Meanwhile, HSCs have the capaci-
ty to differentiate directly into Mks (21, 22),
a process that can be induced or modulat-
ed by stressors (23). Livada et al. (6) raise
important questions with respect to the
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effects of Mk ontogeny on the production
and function of circulating platelets. Their
findings also raise questions about how the
lung niche contributes to MK, platelet, and
HSPC function and how these cells com-
municate to coordinate the hematopoietic
functions of the lung.

Address correspondence to: George J. Mur-
phy, 670 Albany St., 2nd Floor, Boston, Mas-
sachusetts 02118, USA. Phone: 617.638.7541;
Email: gimurphy@bu.edu.

1. Livada AC, et al. Megakaryocytes in the lung:
history and future perspectives. Res Pract
Thromb Haemost. 2023;7(2):100053.

2. Lefrangais E, Looney MR. Platelet biogenesis in the
lung circulation. Physiology. 2019;34(6):392-401.

3. Pariser DN, et al. Lung megakaryocytes
are immune modulatory cells. ] Clin Invest.
2021;131(1):e137377.

4. Yeung AK, et al. Lung megakaryocytes display
distinct transcriptional and phenotypic proper-
ties. Blood Adv. 2020;4(24):6204-6217.

5.Sun S, et al. Single-cell analysis of ploidy and
the transcriptome reveals functional and spatial
divergency in murine megakaryopoiesis. Blood.

J Clin Invest. 2024;134(22):e186111 https://doi.org/10.1172/JCI186111

~

<]

©

10.

1

jay

12.

1

w

14.

2021;138(14):1211-1224.

Livada AC, et al. Long-lived lung megakaryocytes
contribute to platelet recovery in thrombocytope-
nia models. ] Clin Invest. 2024;134(22):e181111.
Fortmann SD, et al. Circulating SARS-CoV-2+
megakaryocytes are associated with severe

viral infection in COVID-19. Blood Adv.
2023;7(15):4200-4214.

. Frydman GH, et al. Megakaryocytes respond

during sepsis and display innate immune cell
behaviors. Front Immunol. 2023;14:1083339.
Gelon L, et al. Occurrence and role of lung mega-
karyocytes in infection and inflammation. Front
Immunol. 2022;13:1029223.

Poscablo DM, et al. An age-progressive platelet
differentiation path from hematopoietic stem
cells causes exacerbated thrombosis. Cell.
2024;187(12):3090-3107.

. Lefrangais E, et al. The lung is a site of platelet

biogenesis and a reservoir for haematopoietic
progenitors. Nature. 2017;544(7648):105-109.
McArthur K, et al. Apoptosis in megakaryocytes
and platelets: the life and death of a lineage.
Blood. 2018;131(6):605-610.

. Radley JM, Haller C]J. Fate of senescent mega-

karyocytes in the bone marrow. Br ] Haematol.
1983;53(2):277-287.

Yang S, et al. Apoptosis in megakaryocytes:
safeguard and threat for thrombopoiesis. Front

COMMENTARY

Immunol. 2023;13:1025945.

15. Zhao X, et al. Highly efficient platelet generation

in lung vasculature reproduced by microfluidics.
Nat Commun. 2023;14(1):4026.

16. Yeung AK, et al. De-novo hematopoiesis from

the fetal lung. Blood Adv. 2023;7(22):6898-6912.

17. Zhao M, et al. FGF signaling facilitates postin-

jury recovery of mouse hematopoietic system.
Blood. 2012;120(9):1831-1842.

18. Heazlewood SY, et al. Megakaryocytes co-local-

ise with hemopoietic stem cells and release cyto-
kines that up-regulate stem cell proliferation.
Stem Cell Res. 2013;11(2):782-792.

19. Zhao M, et al. Megakaryocytes maintain homeo-

static quiescence and promote post-injury
regeneration of hematopoietic stem cells. Nat
Med. 2014;20(11):1321-1326.

20. Bruns I, et al. Megakaryocytes regulate hemato-

poietic stem cell quiescence via Cxcl4 secretion.
Nat Med. 2014;20(11):1315-1320.

21. Rodriguez-Fraticelli AE, et al. Clonal analysis

of lineage fate in native hematopoiesis. Nature.
2018;553(7687):212-216.

22. CarrelhaJ, et al. Hierarchically related lin-

eage-restricted fates of multipotent haematopoi-
etic stem cells. Nature. 2018;554(7690):106-111.

23. Li]J], et al. Differentiation route determines the

functional outputs of adult megakaryopoiesis.
Immunity. 2024;57(3):478-494.



https://doi.org/10.1172/JCI186111
https://doi.org/10.3389/fimmu.2022.1025945
https://doi.org/10.1038/s41467-023-39598-9
https://doi.org/10.1038/s41467-023-39598-9
https://doi.org/10.1038/s41467-023-39598-9
https://doi.org/10.1182/bloodadvances.2022008347
https://doi.org/10.1182/bloodadvances.2022008347
https://doi.org/10.1182/blood-2011-11-393991
https://doi.org/10.1182/blood-2011-11-393991
https://doi.org/10.1182/blood-2011-11-393991
https://doi.org/10.1016/j.scr.2013.05.007
https://doi.org/10.1016/j.scr.2013.05.007
https://doi.org/10.1016/j.scr.2013.05.007
https://doi.org/10.1016/j.scr.2013.05.007
https://doi.org/10.1038/nm.3706
https://doi.org/10.1038/nm.3706
https://doi.org/10.1038/nm.3706
https://doi.org/10.1038/nm.3706
https://doi.org/10.1038/nm.3707
https://doi.org/10.1038/nm.3707
https://doi.org/10.1038/nm.3707
https://doi.org/10.1038/nature25168
https://doi.org/10.1038/nature25168
https://doi.org/10.1038/nature25168
https://doi.org/10.1038/nature25455
https://doi.org/10.1038/nature25455
https://doi.org/10.1038/nature25455
https://doi.org/10.1016/j.immuni.2024.02.006
https://doi.org/10.1016/j.immuni.2024.02.006
https://doi.org/10.1016/j.immuni.2024.02.006
https://doi.org/10.1182/blood.2021010697
https://doi.org/10.1182/bloodadvances.2022009022
https://doi.org/10.1182/bloodadvances.2022009022
https://doi.org/10.1182/bloodadvances.2022009022
https://doi.org/10.1182/bloodadvances.2022009022
https://doi.org/10.3389/fimmu.2023.1083339
https://doi.org/10.3389/fimmu.2023.1083339
https://doi.org/10.3389/fimmu.2023.1083339
https://doi.org/10.3389/fimmu.2022.1029223
https://doi.org/10.3389/fimmu.2022.1029223
https://doi.org/10.3389/fimmu.2022.1029223
https://doi.org/10.1016/j.cell.2024.04.018
https://doi.org/10.1016/j.cell.2024.04.018
https://doi.org/10.1016/j.cell.2024.04.018
https://doi.org/10.1016/j.cell.2024.04.018
https://doi.org/10.1038/nature21706
https://doi.org/10.1038/nature21706
https://doi.org/10.1038/nature21706
https://doi.org/10.1182/blood-2017-11-742684
https://doi.org/10.1182/blood-2017-11-742684
https://doi.org/10.1182/blood-2017-11-742684
https://doi.org/10.1111/j.1365-2141.1983.00201.x-i1
https://doi.org/10.1111/j.1365-2141.1983.00201.x-i1
https://doi.org/10.1111/j.1365-2141.1983.00201.x-i1
https://doi.org/10.3389/fimmu.2022.1025945
https://doi.org/10.3389/fimmu.2022.1025945
mailto://gjmurphy@bu.edu
https://doi.org/10.1016/j.rpth.2023.100053
https://doi.org/10.1016/j.rpth.2023.100053
https://doi.org/10.1016/j.rpth.2023.100053
https://doi.org/10.1152/physiol.00017.2019
https://doi.org/10.1152/physiol.00017.2019
https://doi.org/10.1172/JCI137377
https://doi.org/10.1172/JCI137377
https://doi.org/10.1172/JCI137377
https://doi.org/10.1182/bloodadvances.2020002843
https://doi.org/10.1182/bloodadvances.2020002843
https://doi.org/10.1182/bloodadvances.2020002843
https://doi.org/10.1182/blood.2021010697
https://doi.org/10.1182/blood.2021010697
https://doi.org/10.1182/blood.2021010697

