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Shiver me timbers: cold-driven lipids fuel platelet production
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Venous thromboembolism and retinal vein occlusion, occur
more often in the winter, yet the route from cold exposure to
thrombosis has been hard to pin down. In a recent paper in
Cell Research, Xie et al. show that cold-mobilized fatty acids
are taken up by bone marrow megakaryocytes and, through
B-oxidation-driven C/EBPa acetylation, amplify the GATA-1/
NF-E2 thrombopoietic program, worsening deep vein throm-
bosis and retinal vein occlusion in mouse models.

The spectrum of venous thrombotic events encompasses
distinct vascular settings with differing pathophysiological
mechanisms.! The most common manifestation in large veins is
deep vein thrombosis (DVT), which may embolize to the
pulmonary arterial circulation, resulting in pulmonary embolism.
Venous thrombosis also occurs in smaller venous segments,
including the microvasculature. Retinal vein occlusion (RVO) arises
within the retinal venous bed; although risk factors for large-vein
thrombosis and RVO partially overlap, important differences exist.
For example, while venous thrombosis and atherosclerosis are
interrelated, atherosclerosis exerts a direct causal effect in central
RVO.?

Across this spectrum, thrombo-inflammation provides a unify-
ing framework linking coagulation and inflammation, with
platelets contributing through vascular sealing, procoagulant
activity, mediator release, and interactions with leukocytes.>™
Their role in venous disease remains context-dependent, and
venous thrombi are generally less platelet-rich than arterial
thrombi.

A substantial proportion of venous thrombosis and RVO is still
undetermined in etiology, also broadly classified as unprovoked,®
which makes the identification of novel thrombogenic mechan-
isms a continuous research priority. One proposed trigger is cold
exposure, with epidemiological studies demonstrating seasonal
variation in venous thromboembolism and RVO incidence,
peaking during winter months.”® While seasonal influences likely
operate through multiple pathways, recent work by Xie et al.
provides novel evidence implicating platelet-mediated
mechanisms.’

Platelets arise from bone marrow megakaryocytes (MKs),
whereas cold-activated non-shivering thermogenesis mobilizes
adipose lipid stores; whether this adipose response can be
coupled to marrow thrombopoiesis has remained unclear.

Xie and colleagues approached this question by comparing
mice kept under thermoneutral conditions with mice exposed to
cold.? Three days at 4 °C raised peripheral platelet counts beyond
the usual murine range, whereas red and white cell counts,
platelet morphology and standard coagulation assays were

unchanged. The rise reflected increased production rather than
reduced clearance: young, reticulated platelets were enriched, and
splenectomy did not prevent the response. It also required
adipose thermogenesis, as mice lacking Ucp1 or treated with a 33-
adrenergic antagonist failed to increase platelets in the cold. A
lipidomic search for the adipose-derived signal revealed that
circulating free fatty acids (FFAs) rose sharply under cold, with
palmitic acid (PA) the dominant species; PA administration under
thermoneutral conditions was sufficient to reproduce the
thrombopoietic phenotype.

Stearic acid, another cold-induced FFA, showed a similar
thrombopoietic effect, suggesting that the response was not
unique to PA. The next question was how MKs sensed this lipid
cue. In primary mouse MKs, PA promoted maturation and
increased Nfe2 and Gatal expression; MEG-01 cells were used to
define the downstream metabolic-transcriptional mechanism.
Loss-of-function experiments targeting Cd36 and Cptla placed
FFA uptake and (-oxidation upstream of this response, and MKs
from cold-exposed mice showed elevated CPT1a-dependent PA
oxidation. B-oxidation raised acetyl-CoA availability, which favored
p300-mediated C/EBPa acetylation, consistent with a previously
described p300-SIRT1 acetylation switch.'® Acetylated C/EBPa
accumulated in the nucleus and drove the GATA-1/NF-E2
thrombopoietic program, with p300 and SIRT1 acting as opposing
regulators. In this way, a systemic lipid signal was relayed through
MK B-oxidation into a defined transcriptional program for platelet
production (Fig. 1).

Genetic models then tested this pathway in vivo. In mice
deficient in adipose triglyceride lipase (ATGL; encoded by Pnpla2),
cold exposure no longer increased circulating FFAs or platelet
counts, supporting adipose-derived FFA release as a necessary
upstream event. MK-specific deletion of Cpt1a left circulating FFAs
intact but abolished the cold-driven increase in C/EBPa acetylation
and reduced cold-induced platelet output, indicating that the
relevant metabolic step occurred within MKs. The lower baseline
platelet counts in these mice further suggested that MK (-
oxidation contributes to steady-state platelet biogenesis and is
amplified during cold exposure.

Having established this adipose-MK axis for platelet production,
the authors next asked whether the resulting increase in platelet
count aggravated vein occlusion. In an inferior vena cava flow-
restriction model of DVT, cold markedly enlarged thrombi and
increased thrombosis incidence; in a laser-induced model of RVO,
it worsened retinal hemorrhage, edema and capillary non-
perfusion. In the DVT model, cold-aggravated thrombosis was
reduced by CPT1a inhibition, p300 inhibition, MK-specific Cptia
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Fig. 1 A cold-induced adipose-megakaryocyte metabolic axis drives venous thrombosis and occlusion. Cold-activated UCP1-dependent
thermogenesis releases free fatty acids that enter MKs via CD36 and feed CPT1a-dependent p-oxidation. The resulting acetyl-CoA fuels p300-
mediated acetylation of C/EBPa — opposed by SIRT1 — which activates the GATA-1/NF-E2 thrombopoietic program. The increased platelet
output aggravates deep vein thrombosis and retinal vein occlusion. Supported in mice by loss-of-function of Ucp1, Pnpla2, or MK-restricted

Cptia, with corroborating data in cold-exposed volunteers and winter patient cohorts.

deletion or anagrelide-induced platelet lowering, whereas SIRT1
inhibition worsened it. In the RVO model, CPT1a inhibition, MK-
specific Cptla deletion and platelet lowering were likewise
protective, with p300 inhibition and SIRT1 inhibition in supple-
mentary experiments producing opposite effects, further support-
ing the acetylation mechanism. Cold did not alter von
Willebrand factor expression in IVC endothelial cells or serum
tissue factor levels, consistent with a major contribution of
increased platelet count rather than detectable changes in these
endothelial or coagulation-related markers.

Human data offered a cautious clinical counterpart to the
mouse findings. Six healthy male volunteers exposed to 16 °C for
three hours daily over seven days, with periodic cold-water
immersion, showed increased circulating FFAs and platelet counts,
with all volunteers trending upward; collagen-induced platelet
adhesion was enhanced at equal blood volume. In a retrospective
hospital analysis from Longyan, a Chinese city without central
heating, DVT visits were more frequent in winter, and pre-
treatment platelet counts were higher in winter among both DVT
and RVO patients. These single-city, correlative data suggest that
higher platelet counts may contribute to seasonal patterns of DVT
and RVO.

MKs are increasingly viewed as cells that integrate metabolic
cues, and this study extends that view to cold-induced lipid
signaling.” Xie and colleagues define an adipose lipolysis—-MK (-
oxidation—acetylation axis through which cold-activated adipose
tissue regulates thrombopoiesis. Together with preliminary human
observations, these findings suggest that dampening this pathway
may help limit cold-aggravated vein occlusion. The marrow, in this
framework, not only produces platelets but also senses systemic
lipid availability.
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