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Dietary ketone body–escalated histone acetylation in
megakaryocytes alleviates chemotherapy-induced
thrombocytopenia
Sisi Xie1,2†, Chenyu Jiang1†, Meng Wu2†, Ying Ye3†, Biying Wu1, Xiaoting Sun1,4,5, Xue Lv6,
Ruibo Chen1, Wen Yu1, Qi Sun1, Yuting Wu2, Rongliang Que2, Huilan Li1,2, Ling Yang1, Wen Liu1,
Ji Zuo1, Lasse D. Jensen7, Guichun Huang8, Yihai Cao4, Yunlong Yang1*

Chemotherapy-induced thrombocytopenia (CIT) is a severe complication in patients with cancer that can lead to
impaired therapeutic outcome and survival. Clinically, therapeutic options for CIT are limited by severe adverse
effects and high economic burdens. Here, we demonstrate that ketogenic diets alleviate CIT in both animals and
humans without causing thrombocytosis. Mechanistically, ketogenic diet–induced circulating β-hydroxybuty-
rate (β-OHB) increased histone H3 acetylation in bone marrow megakaryocytes. Gain- and loss-of-function ex-
periments revealed a distinct role of 3-β-hydroxybutyrate dehydrogenase (BDH)–mediated ketone body
metabolism in promoting histone acetylation, which promoted the transcription of platelet biogenesis genes
and induced thrombocytopoiesis. Genetic depletion of the megakaryocyte-specific ketone body transporter
monocarboxylate transporter 1 (MCT1) or pharmacological targeting of MCT1 blocked β-OHB–induced throm-
bocytopoiesis inmice. A ketogenesis-promoting diet alleviated CIT inmousemodels. Moreover, a ketogenic diet
modestly increased platelet counts without causing thrombocytosis in healthy volunteers, and a ketogenic life-
style inversely correlated with CIT in patients with cancer. Together, we provide mechanistic insights into a
ketone body–MCT1–BDH–histone acetylation–platelet biogenesis axis in megakaryocytes and propose a non-
toxic, low-cost dietary intervention for combating CIT.
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INTRODUCTION
Myelosuppressive chemotherapy often induces low blood platelet
counts that complicate surgical procedures and increase bleeding
risks. Such chemotherapy-induced thrombocytopenia (CIT) leads
to chemo dose reduction or discontinuation, hence reducing ther-
apeutic benefits and leading to impaired survival. CIT is therefore a
severe albeit common complication of chemotherapy. Recent statis-
tics show that, in clinical practice, CIT occurs in 1 of 10 patients
receiving chemotherapy for cancer (1) and is an enormous
burden for patients and the health care system. Chemotherapy
affects the megakaryocyte (MK) and platelet production pathway
at different nodes, including pluripotent stem cell differentiation
(2), MK progenitor proliferation and differentiation (3), platelet
shedding (4), and platelet apoptosis or clearance (5). Although
there are currently no guidelines or approved treatments available
for CIT, platelet transfusion (6), recombinant interleukin-11 (IL-

11) (7), thrombopoietin receptor (TPOR) agonists (8, 9), and, in
some countries, recombinant human thrombopoietin (TPO) (10)
have been used to alleviate CIT. However, these therapeutic
options are coupled with potential problems that reduce their clin-
ical benefits, including transfusion-related allergic reactions and
bacterial contamination (11), fluid retention–induced heart
disease (12), development of anti-TPO antibodies (13), and sub-
stantial economic costs (1). An affordable therapeutic option with
negligible side effects and convenient delivery is ideal but still
lacking in this field.

Produced via a shared pathway with the erythroid lineage, MKs
are morphologically distinct by their size (30 to 100 μm in diameter)
and polyploid (14). To meet the high and constant demand for
platelet production, all alleles are active in MKs and hence impose
a hypermetabolic state on the cell. MK maturation and platelet pro-
duction are under strict regulation of various transcription factors
such as GATA binding protein 1 (GATA1) and nuclear factor ery-
throid 2 (NF-E2) (15, 16). Under physiopathological conditions,
megakaryopoiesis and thrombocytopoiesis can be affected by
various factors including TPO (17, 18), angiogenic factors (19), es-
trogen (20), microRNAs (21), and bone marrow extracellular matrix
(22). Although MKs are recognized as hypermetabolic cells, their
metabolic paradigms and their related pathophysiological conse-
quences are far from clear. Studies from our group and others
suggest that MKs have arachidonic acid metabolism (23) and
glucose metabolism (24). Nevertheless, molecular details related
to MK metabolic pathways and their potential clinical applications
warrant further investigation.

The ketogenic diet, a type of very low–carbohydrate diet, has
been used as a therapy for epilepsy or obesity. During the past 20
years, the therapeutic potential of ketogenic diets has been explored
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in various pathological conditions, including diabetes (25), polycys-
tic ovary syndrome (26), innate immune responses (27), lymphoe-
dema (28), and cancer (29). When recommended to patients with
cancer, the consensus is that a ketogenic diet is feasible and safe
(29). Mechanistically, the diet leads to the hepatocellular production
of ketone bodies, consisting mainly of β-hydroxybutyrate (β-OHB),
as an alternative energy source. In extrahepatic tissues, ketone
bodies are taken up by the monocarboxylate transporters (MCTs)
and then metabolized via mitochondrial enzymes, including 3-β-
hydroxybutyrate dehydrogenase (BDH), into acetyl–coenzyme A
(acetyl-CoA), which is oxidized in the tricarboxylic acid (TCA)
cycle. Using ketogenesis to combat cancer has become an expanding
research field, and researchers have proposed various possible
mechanisms underlying its antitumor effects (29). However, it is
important to note that studies exploring the potential therapeutic
effects of ketogenic diets on tumor-associated complications are
quite limited. At present, the effects of such diets on platelets,
MKs, or CIT have not been investigated.

In the current study, we investigated the impact of ketogenic
diets in regulating thrombocytopoiesis. We hypothesized that keto-
genic diet–induced circulating ketone bodies affect platelet produc-
tion via MK metabolic paradigm shift. Using various types of
ketogenic diets, we investigated the impact of ketogenesis on platelet
biogenesis and its mechanisms in multiple mouse models, includ-
ing an MK-specific genetically engineered mouse model. We also
explored whether ketogenesis up-regulate platelet counts in
humans. We further studied the preventive and therapeutic effects
of ketogenic diet on CIT using CIT preclinical models and per-
formed a retrospective analysis of the incidence of CIT and ketogen-
ic lifestyle in patients with cancer.

RESULTS
Ketogenic diets increase platelet counts in various
mouse models
To investigate the impact of ketogenic diets on MKs and platelets,
we applied two independent ketogenic diets and their respective
control diets designed to provide the same calorie uptake in mice.
In the first diet pair, an American Institute of Nutrition-76 (AIN-
76) formulation–based, noncarbohydrate classic ketogenic diet con-
sisting of 10% protein, 0% carbohydrate, and 90% fat (%kcal) with
6657 cal/g and a control diet consisting of 10% protein, 80% carbo-
hydrate, and 10% fat (%kcal) in 3829 cal/g were used. In the second
pair, an AIN-93 formulation–based modified ketogenic diet con-
sisting of 9% protein, 1% carbohydrate, and 90% fat (%kcal) with
6766 cal/g and a control diet consisting of 20% protein, 64% carbo-
hydrate, and 16% fat (%kcal) in 4000 cal/g were used. The ketogenic
ratios were 4:1 for both diets. C57/B6 male micewere randomized to
receive either a ketogenic diet or a control diet ad libitum. As ex-
pected, mouse body weight decreased in the ketogenic diet–
treated group (fig. S1A), whereas overall calorie and water intake
were not affected (fig. S1, B and C). In peripheral blood from keto-
genic diet–treated mice, β-OHB, the most abundant circulating
ketone body induced by ketogenesis (30), was significantly in-
creased (P < 0.001; fig. S1D). We performed blood analysis on
these mice at various time points. The ketogenic diet significantly
increased platelet counts (P < 0.001; Fig. 1A), reaching 1000 × 109/
liter on day 7, which was maintained until at least day 21. It is im-
portant to note that this amount did not exceed the mouse platelet

reference value (620 to 1200 × 109/liter) (31). Plateletcrit exhibited
similar changes. Platelet distribution width and mean platelet
volume did not change in the ketogenic diet group, indicating
that the average size of platelets was not disrupted. Unlike platelets,
red blood cell (RBC) and white blood cell (WBC) parameters
showed no changes (table S1). In mice treated with the modified
ketogenic diet or its corresponding control diet, almost identical
findings were evident (fig. S1, E to H). These findings suggest a
modest thrombocytopoiesis in ketogenic diet–treated mice.

In our experimental setup, 7 days on ketogenic diets reduced
body weight. However, it is known that long-term ketogenic diet
increases body weight, probably because of impaired glucose toler-
ance (32). To exclude weight change–related effects, we applied a
“cyclic ketogenic diet” regimen, which resulted in the long-term
maintenance of normal body weight and reduction of mid-life mor-
tality (33). The cyclic ketogenic diet, which sustained a high β-OHB
concentration, showed similar thrombocytopoiesis effects while
maintaining body weight for at least 2 months (fig. S1, I to L).
RBC and WBC parameters were not affected in both short-term
and long-term treatments (table S1). Furthermore, we observed
similar effects in female mice and high-fat diet (HFD)-fed obese
mice (fig. S1, M and N, and table S1). These results suggest that ke-
togenic diet–induced thrombocytopoiesis is independent of body
weight changes, gender, or diet duration.

To further explore the effect of ketogenic diets on circulating
platelets, we tested the aggregation ability of freshly isolated platelets
from ketogenic diet– or control diet–treated mice. The aggregation
speed and clot formation ability of platelets were not altered by ke-
togenic diet (Fig. 1B). After challenging the platelets with adenosine
diphosphate (ADP), collagen, or thrombin, platelet aggregometry
showed no difference between groups (Fig. 1C). Electron microsco-
py (EM) showed no morphological changes of platelets between
groups (Fig. 1D). We further performed a tail bleeding assay to
test coagulation ability. As expected, bleeding time was significantly
reduced in ketogenic diet–treated mice (P < 0.001; Fig. 1E). These
results indicate that ketogenic diet–treated mice produce healthy
and functional platelets.

Besides platelet production, high platelet counts may result from
the reduction of platelet clearance. To exclude this possibility, we
performed a histological analysis of platelet content in the spleen.
Spleens from both groups exhibited similar amounts of platelet-
CD42b+ signals (Fig. 1F). Removal of the spleen in both groups in-
creased the platelet counts in peripheral blood (Fig. 1G), suggesting
similar clearance rates in both groups. After splenectomy, ketogenic
diet–treated mice maintained higher platelet counts compared with
controls (Fig. 1G). To further exclude the possibility that platelets in
ketogenic diet–treated mice had a longer half-life in the circulation,
we isolated platelets from both groups and labeled them with a fluo-
rescent marker 5-chloromethylfluorescein diacetate (CMFDA) and
subsequently transplanted them into wild-type recipient mice.
Blood sampled from the tail vein at various time points showed
no difference in the half-life of platelets between diet groups
(Fig. 1H). Together, these data demonstrate that ketogenic diet in-
creases functional platelets via a platelet clearance–independent
mechanism.
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Fig. 1. Ketogenic diets promote platelet counts in a clearance-independent manner in mice. (A) Platelet counts (PLT), plateletcrit (PCT), platelet distribution width
(PDW), mean platelet volume (MPV) analysis in whole blood from control diet- or KD-treated groups was performed at various time points (n = 6 mice per group). (B)
Representative clot retraction micrographs of platelet-rich plasma in response to thrombin from KD or control diet groups. Quantifications of the clot retraction analysis
are shown (n = 3 samples per group). (C) Representative aggregometry tracings of platelet-rich plasma in response to ADP, collagen, or thrombin from KD or control diet
groups (n = 4 samples per group). (D) Representative transmission electron microscopy micrographs of platelets isolated from KD- or control diet–treated mice. G, α-
granule. Scale bars, 500 nm (top) and 200 nm (bottom). Quantifications of α-granule number per field and average platelet diameter (n = 8 random fields per group). (E)
Tail bleeding times were determined in the KD or control diet groups at various time points (n = 6mice per group). The experiment was stoppedmanually after 10min. (F)
CD42b (green) and F4/80 (red) immunofluorescent staining micrographs of the spleen in KD- or control diet–treated mice. Quantifications of CD42b+ area per field (n = 6
random fields per group). Scale bar, 100 μm. (G) Sham operations or splenectomies were performed, and mice were then transferred to KD or control diet administration
for 7 days. Peripheral blood samples were collected for whole blood analysis. Platelet counts in the indicated groups (n = 6 mice per group). (H) Platelets were isolated
from KD or control diet groups at day 7, labeled with CMFDA, and transplanted into wild-type recipient mice. Quantification of flow cytometry analysis of CMFDA+

platelets was done at various time points (n = 6 mice per group). n.s., not significant; CD, control diet; KD, ketogenic diet.
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Ketogenic diet induces megakaryopoiesis and
thrombocytopoiesis via MCT1-BDH1/2–mediated β-OHB
metabolism
To investigate whether ketogenic diet affects MKs in vivo, whole-
mount histological analysis of bone marrow was performed. Ad-
ministration of a ketogenic diet for 7 days significantly increased
CD41+ MK numbers in mouse bone marrow without changing
MK cell size or their association with blood vessels (P < 0.001;
Fig. 2A). Prothrombopoietic factors TPO, MPL proto-oncogene,
TPOR (c-MPL), and IL-6 were not altered (fig. S2A). Next, we iso-
lated primary mouse bone marrow MKs for further analyses (fig.
S2B). For EM analysis, a pre–demarcation membrane system
(DMS) and cytoplasmic rearrangements were detected in MKs
from ketogenic diet–treated mice, indicating active platelet produc-
tion (fig. S2C). Considering that circulating β-OHB is highly up-
regulated by ketogenic diet, we administered β-OHB to primary
MKs to investigate the molecular mechanisms underlying the
effects of this metabolite on the cells. Among various driver genes
of MK maturation and platelet production, we chose Gata1, a crit-
ical transcription factor in MK growth/maturation (15), and Nfe2, a
central regulator for proplatelet biogenesis (16), as RNA readouts
for studying β-OHB’s effect on MKs. In humans, ketogenic diet–
induced circulating β-OHB concentrations range from 2 to 8 mM
(34). In primary mouse MKs, 2 mM β-OHB strongly stimulated
Gata1 and Nfe2 expression without altering MK viability, and addi-
tional β-OHB did not further augment their expression (fig. S2D).
Administration of β-OHB for 48 hours markedly increased MK
numbers, polyploidy, pre-DMS formation, and cytoplasmic rear-
rangements (Fig. 2, B to D), indicating that β-OHB promotes mega-
karyopoiesis and platelet production.

To determine the importance of ketone body metabolism in
MKs, MCTs, the rate-controlling transporters of β-OHB cellular
uptake, were analyzed. MCT1 and MCT4 are key ketone body trans-
porters in different tissues and organs (35). MCT1 is expressed in
various bone marrow cells including MKs (Fig. 2E). Compared with
positive controls,Mct1, but notMct4, was highly expressed in MKs
(Fig. 2E), which supports involvement of this transporter in MK
biology. Applying an MCT1-specific small-molecule inhibitor di-
minished β-OHB–induced megakaryopoiesis (Fig. 2F) and expres-
sion of Gata1 and Nfe2 (Fig. 2G). Furthermore, key genes involved
in MK development [integrin subunit beta 3 (Itgb3) and zinc finger
protein, FOG family member 1 (Zfpm1)], proplatelet biogenesis
genes downstream of NF-E2 [tubulin beta 1 class VI (Tubb1),
hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-
isomerase 1 (Hsd3b1), and caspase 12 (Casp12)], and other key
genes associated with platelet production [LIM zinc finger domain
containing 1 (Lims1) and myosin light chain 9 (Myl9)] were also
markedly up-regulated by β-OHB, and this induction was
completely blocked by the MCT1 inhibitor (Fig. 2G). Two isoforms
of BDHs, BDH1 and BDH2, catalyze the endogenous β-OHB to
aceto-acetate. To verify their role in platelet production, we used
small interfering RNAs (siRNAs) targeting Bdh1 and Bdh2 (fig.
S2E). As expected, silencing BDH1/2 completely blocked β-OHB–
induced Gata1 and Nfe2 expression, as well as expression of other
thrombocytopoiesis-associated genes (Fig. 2H). To further validate
our findings, we performed the abovementioned experiment using
human MEG-01 cells. Megakaryopoiesis and pre-DMS formation
were similarly instigated by β-OHB, and MCT1 inhibition or
BDH1/2 knockdown completely blocked β-OHB–triggered gene

expression (fig. S2, F to I). These results demonstrate that ketone
body–induced megakaryopoiesis and thrombocytopoiesis require
MCT1-BDH1/2–mediated ketone body uptake and metabolism.

β-OHB promotes histone H3 acetylation within the GATA1
and NFE2 promoters
Ketone bodies affect gene transcription and expression in multiple
ways. It is known that β-OHB serves as an endogenous histone de-
acetylase (HDAC) inhibitor (36). To test whether this occurs in
MKs in vivo, we gave wild-type mice a ketogenic diet for 7 days.
Mice receiving a 48-hour complete fasting were used as a positive
control. As expected, compared to the control group, circulating β-
OHB of ketogenic diet–treated mice significantly increased, reach-
ing similar concentrations to those of fasting mice (P < 0.001;
Fig. 3A). Using a pan-acetyl histone H3 antibody that recognizes
acetylation at lysines 9, 14, 18, 23, or 27, the isolated bone
marrow MKs in ketogenesis and fasting groups showed extensive
histone H3 acetylation (Fig. 3B), suggesting that β-OHB indeed pro-
motes histone H3 acetylation in MKs in vivo. Pretreatment of the
MKs with MCT1 inhibitor abolished β-OHB–induced histone H3
acetylation (Fig. 3C), indicating that cellular β-OHB uptake regu-
lates histone H3 acetylation. To test whether histone H3 acetylation
directly affects key factors involved in megakaryopoiesis and throm-
bocytopoiesis, we performed chromatin immunoprecipitation
(ChIP) analysis (37) of acetylated histones H3 at Gata1 and Nfe2
upstream regions. ChIP showed markedly increased histone H3
acetylation at upstream regions of Gata1 and Nfe2 after β-OHB
treatment compared to controls (Fig. 3, D and E). About 1000 bp
upstream promoter regions of these two genes showed the most
notable histone H3 acetylation (Fig. 3, D and E), suggesting that
β-OHB promotes Gata1 and Nfe2 transcription via a promoter-as-
sociated histone H3 acetylation mechanism.

To validate the role of β-OHB as an HDAC inhibitor, we treated
primary MKs with a class I HDAC inhibitor as a positive control. As
expected, the HDAC inhibitor markedly promoted histone H3 acet-
ylation, Gata1 and Nfe2 expression, pre-DMS formation, and
plasma membrane protrusion to a similar degree as the β-OHB–
treated group (Fig. 3, F to H). The combination of β-OHB and
HDAC inhibitor treatment did not show further augmented
Gata1 and Nfe2 transcription or morphological indications of MK
activation (Fig. 3, F to H). Class I HDACs have four members, and
among them, HDAC1 and HDAC2 (HDAC1/2) are highly related
deacetylases that form the catalytic core of multiple complexes, and
their activities are often redundant (38). Using siRNAs against each
isoform alone or in combination (fig. S3A), we showed that silenc-
ing each isoform increased expression of key genes for megakaryo-
poiesis and thrombocytopoiesis. Blocking both HDAC1/2
promoted histone H3 acetylation (Fig. 3I) and additively promoted
Gata1 and Nfe2 expression, which was similar to the β-OHB–
induced gene transcription (Fig. 3, J and K). Platelet production–
associated genes were also investigated. The combination of β-
OHB and Hdac1/2 siRNAs did not show further augmented tran-
scription (Fig. 3, J and K, and fig. S3B). Other than acting as an
HDAC inhibitor, ketone bodies produce cellular metabolites such
as acetyl-CoA, which may serve as posttranslational modifiers that
mediate histone acetylation through histone acetyltransferases. To
test this possibility, we investigated acetyl-CoA/CoA ratio in MKs.
Acetyl-CoA significantly increased in MKs from ketogenic diet–
treated mice and β-OHB–treated isolated MK cells compared to
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Fig. 2. Ketogenic diet promotes megakar-
yopoiesis and platelet production via MCT1-
mediated endogenous β-OHB metabolism.
(A) Representative whole-mount micrographs
of CD41 (red), CD105 (white), and 4′,6-diamidi-
no-2-phenylindole (DAPI; blue) in the bone
marrow of KD- or control diet–treated mice.
Scale bar, 100 μm. Quantifications of the CD41+

cell number per field, the average diameter of
CD41+ cells, the average distance between
CD41+ cells and CD105+ vessels, and the
CD105+ area per field (n = 8 random fields per
group). (B) Phalloidin (green) and DAPI (blue)
immunofluorescent staining micrographs of
MKs treated with vehicle or 2 mM β-OHB. Scale
bar, 150 μm. Quantification of MK number per
field (n = 8 random fields per group). (C) Fold
changes of polyploid cell proportion in primary
MKs (n = 6 samples per group). (D) Represen-
tative transmission electron microscopy micro-
graphs of MKs treated with vehicle or 2 mM β-
OHB. Red arrowhead, nucleus; yellow arrow-
head, pre-DMS; blue arrowhead, cytoplasmic
rearrangements. Scale bars, 2 μm (top), 500 nm
(middle), and 1 μm (bottom). (E) Mct1 (Slc16a1)
expression in various bone marrow cells. Red
arrow indicates MK. Data were collected from
the Atlas of Mouse Blood Cells. Quantitative PCR
(QPCR) quantifications of Mct1 (Slc16a1) and
Mct4 (Slc16a3) expression in positive controls
and MKs (n = 3 samples per group). NK, natural
killer; LT-HSC, long-term hematopoietic stem
cell; ESLAMSK, HSC (CD201+CD150+CD48−-

CD45+Sca-1+c-Kit+); ESLAM, HSC (CD150+-

CD48−CD45+EPCR+); ST-HSC, long-term
hematopoietic stem cell; MPP, multipotent
progenitor; LMPP, lymphoid-primed MPP; CLP,
common lymphoid progenitor; HPC, hemato-
poietic progenitor cell; Ery, erythrocyte; MEP,
megakaryocyte-erythrocyte progenitor; GMP,
granulocyte-monocyte progenitor; CMP,
common myeloid progenitor. (F) Phalloidin
(green) and DAPI (blue) immunofluorescent
staining micrographs of vehicle- or β-OHB–
stimulated MKs pretreated with or without
MCT1 inhibitor AZD3965. Scale bars, 150 μm
(top) and 25 μm (bottom). Quantifications ofMK
number per field (n = 8 random fields per
group). (G) Megakaryopoiesis- and thrombocy-
topoiesis-associated gene expression of isolat-
ed primary MKs from vehicle- or β-OHB–
stimulated MKs pretreated with or without
MCT1 inhibitor AZD3965 (n = 3 samples per
group). (H) Megakaryopoiesis- and thrombocy-
topoiesis-associated gene expression of
vehicle- or β-OHB–stimulated MKs pretreated
with or without Bdh1/2 siRNA (n = 3 samples per group). n.s., not significant; CD, control diet; KD, ketogenic diet.
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controls (P < 0.001; Fig. 3L). Inhibition of Bdh1/2 blocked this in-
crease in the acetyl-CoA/CoA ratio (Fig. 3L). In human MEG-01
cells, similar findings were observed (fig. S3, C to J). Together,
these results support that β-OHB promotes histone H3 acetylation
through a dual mechanism of inhibiting HDAC1/2 and providing
acetyl-CoA (fig. S3K).

Dietary β-OHB supplementation mimics ketogenic diet–
induced thrombocytopoiesis
One disadvantage of recommending ketogenic diet for patients with
cancer is low adherence to the dietary regime. Therapeutic ketogen-
ic diets therefore require assistance from an experienced dietitian
and strong commitment and cooperation from both the patient
and his/her family to maintain diet-induced ketosis (29). To

Fig. 3. β-OHB promotes histone H3
acetylation within the GATA1 and
NFE2 promoters via dual mecha-
nisms. (A) Enzyme-linked immuno-
sorbent assay (ELISA) detection of
serum β-OHB in mice treated with
control diet for 7 days, KD for 7 days,
or fasting for 48 hours (n = 6 mice per
group). (B) Acetylation of histone H3
in isolated primary MKs from mice
treated with control diet for 7 days,
KD for 7 days, or fasting for 48 hours.
Total histone H3 marks the loading
amount in each line. (C) Acetylation
of histone H3 in vehicle- or β-OHB–
stimulated MKs pretreated with or
without MCT1 inhibitor AZD3965.
Total histone H3 marks the loading
amount in each line. (D and E) ChIP
assay of DNA binding to acetyl–
histone H3 and total histone H3. The
fold change of acetyl–histone H3–
binding DNA versus total histone H3–
binding DNAwas calculated at −10K-,
−2K-, −1K-, and −0.2K-bp regions of
Nfe2 and Gata1 upstream (n = 3
samples per group). (F) Acetylation of
histone H3 in vehicle- or β-OHB–
stimulated MKs pretreated with or
without HDAC inhibitor FK228. Total
histone H3marks the loading amount
in each line. (G) QPCR quantification
of Nfe2 and Gata1 mRNA expression
in vehicle- or β-OHB–stimulated MKs
pretreated with or without HDAC in-
hibitor FK228 (n = 3 samples per
group). (H) Representative transmis-
sion electron microscopy micro-
graphs of vehicle- or β-OHB–
stimulated MKs pretreated with or
without HDAC inhibitor FK228. Red
arrowhead, nucleus; yellow arrow-
head, pre-DMS; blue arrowhead, cy-
toplasmic rearrangements. Scale
bars, 2 μm (top), 500 nm (middle), and
2 μm (bottom). (I) Acetylation of
histone H3 in vehicle- or β-OHB–
stimulated MKs pretreated with or
without Hdac1/2 siRNA. Total histone
H3 marks the loading amount in each
line. (J and K) QPCR quantification of
Nfe2 and Gata1 mRNA expression in
vehicle- or β-OHB–stimulatedMKs pretreatedwith or withoutHdac1/2 siRNA (n = 3 samples per group). (L) ELISA detection of serum acetyl-CoA (ACA)/CoA ratio in isolated
primary MKs from KD- or control diet–treated mice and in vehicle- or β-OHB–stimulated MKs pretreated with or without Bdh1/2 siRNA (n = 6 samples per group). n.s., not
significant; CD, control diet; KD, ketogenic diet.
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correlate our findings to the clinic, we explored the possibility of
exogenous dietary β-OHB supplementation to promote megakar-
yopoiesis and thrombocytopoiesis in vivo. Mice were randomized
into two groups, and food and water were given ad libitum. β-
OHB (1 g/kg per day) or vehicle was given orally to the mice of
each group respectively for 7 days. As observed in ketogenic diet–
treated mice, dietary β-OHB supplementation also increased circu-
lating β-OHB concentrations (Fig. 4A), increased functional platelet
counts without affecting RBCs and WBCs (Fig. 4B; fig. S4, A and B;
and table S1), shortened bleeding time (Fig. 4C), promoted mega-
karyopoiesis in bone marrow (Fig. 4D), and drove thrombocytopoi-
esis (Fig. 4E), suggesting that dietary β-OHB plays a major role in
producing functional platelets.

To explore whether MCT1 controls megakaryopoiesis and
thrombocytopoiesis in vivo, an MCT1-specific inhibitor was given
to ketogenic diet– or control diet–treated mice. The MCT1 inhibitor
did not affect body weight, circulating β-OHB, platelet counts, MK
morphology, or histone H3 acetylation in control diet mice (Fig. 4, F
to J, and fig. S4C). However, MCT1 inhibitor treatment of mice on
ketogenic diet markedly reduced body weight (fig. S4C) and in-
creased circulating β-OHB beyond what was observed for ketogenic
diet alone (Fig. 4F), indicating that the animals were deprived of a
key energy source. MCT1 inhibitor treatment reversed ketogenesis-
induced increases in platelet counts, megakaryopoiesis, thrombocy-
topoiesis, histone H3 acetylation, and thrombocytopoiesis-associat-
ed gene expression (Fig. 4, G to J), indicating that the β-
OHB–MCT1 axis is required for ketogenesis-triggered thrombocy-
topoiesis. Together, these results suggest that β-OHB supplementa-
tion may be a relevant method for regulating megakaryopoiesis and
thrombocytopoiesis.

MK-specific Mct1 depletion blocks ketogenic diet–induced
megakaryopoiesis and thrombocytopoiesis
Next, we studied the role of MK MCT1 using a genetic approach to
delete MCT1 specifically in MKs by cross-breeding MK-specific Pf4
Cremice withMct1flox/flox mice (Fig. 5A). This approach effectively
deleted MCT1 expression in isolated primary MKs (Fig. 5B). Al-
though circulating β-OHB was not affected in MK-specific MCT1
knockout (KO) mice (fig. S5), the intra-MK β-OHB concentration
was abolished by MK-specific MCT1 depletion (Fig. 5C). Function-
ally, ketogenic diet–triggered gene expression profile, megakaryo-
poiesis, prothrombocytopoietic MK morphological characteristics,
and thrombocytopoiesis were markedly inhibited in these MK-spe-
cific MCT1-KO mice (Fig. 5, D to G). These findings demonstrate
that MK MCT1 is critical for ketogenic diet–induced
thrombocytopoiesis.

Ketogenic diet rescues gemcitabine- or cyclophosphamide-
induced CIT
In patients with cancer, chemotherapy drugs impede megakaryo-
poiesis and thrombocytopoiesis pathways at various steps. To inves-
tigate the potential of ketogenic diet for treating CIT, we applied two
well-established, clinically relevant CIT models, gemcitabine for
treating pancreatic cancer and cyclophosphamide for treating
lung cancer, to test this hypothesis. Murine pancreatic cancer
Panc02 and murine Lewis lung carcinoma cell lines were used for
modeling the underlying malignant disease. When tumor sizes
reached 1.0 cm3, chemotherapy was administered, and mice were
either maintained on a control diet or switched to ketogenic diet

for ~2 weeks (Fig. 6A). At the end of the experiment, control diet
mice receiving chemotherapy had developed CIT as evidenced by
platelet counts well below the healthy nontumor-bearing control
and the reference platelet counts (31). Mice on ketogenic diet
were resistant to CIT, having platelet counts and plateletcrit concen-
trations similar to those of healthy nontumor-bearing mice. Hence,
ketogenic diet rescued thrombocytopoiesis in both CIT models
(Fig. 6, B to L). More specifically, ketogenic diet reversed the
chemo-suppressed platelet counts to that of healthy mice (Fig. 6,
B and H). Immunofluorescence staining revealed a chemothera-
py-disrupted bone marrow microvasculature and chemotherapy-
induced megakaryocytopenia in both CIT models. Ketogenic diet
did not affect chemotherapy-induced bone marrow microvessel dis-
ruption, anemia, or leukopenia but boosted megakaryopoiesis
(Fig. 6, C and I, and table S1). Functionally, ketogenic diet improved
expression of thrombocytopoiesis-related genes and reduced bleed-
ing time in CIT groups (Fig. 6, E, F, K, and L). Genetic depletion of
MK MCT1 completely abolished the effects of ketogenic diet (Fig. 6,
B to F). In addition, ketogenic diet showed antitumor effects in both
models, exhibiting an about 15% further reduction of tumor mass
compared to control diet (fig. S6A).

Next, we tested the preventive effect of ketogenesis on CIT. The
ketogenic diet was administered 1 week before the onset of gemci-
tabine treatment. As expected, pre-administration of ketogenic diet
similarly showed a protective effect, inhibiting the development of
CIT (fig. S6, B to G). Ketogenesis also substantially improved the
survival of pancreatic cancer–bearing mice receiving gemcitabine
(fig. S6H). Together, these results demonstrate ketogenic diet’s pre-
ventive and therapeutic potential for CIT.

Ketogenic diet modestly increases platelet counts in
healthy humans
Ketogenic diet is currently a popular diet choice in the general pop-
ulation. However, the impact of ketogenic diet on platelet produc-
tion in healthy humans is unknown. To translate our findings in
mice to humans, five healthy male volunteers switched to a strict
ketogenic diet with a ketogenic ratio of 4:1 for 7 days. Peripheral
blood samples were collected on days 0, 3, and 7 (Fig. 7A).
Similar to what we observed in mice, switching to ketogenic diet
reduced the body weight of the participants (fig. S7A) and increased
circulating ketone bodies (Fig. 7B), with β-OHB reaching more than
3 mM at day 7 for all study participants (Fig. 7C). Platelet counts
showed a notable ~1.1-fold increase on day 7 compared with day
0, without altered platelet distribution width, mean platelet
volume, RBC counts, or WBC counts (Fig. 7, D and E, and table
S1). A detailed analysis showed that platelet counts increased in
all individuals but remained below the potentially pathogenic
amount of 400 × 109/liter (Fig. 7F). Ultramicroscopic detection of
platelets and thromboelastography showed that ketogenic diet did
not alter platelet morphology or function (Fig. 7G and fig. S7B).
Furthermore, we assessed the intrinsic, extrinsic, and common
pathways of the coagulation cascade by coagulation tests. No alter-
ation was observed (fig. S7C). These results indicate that ketogenic
diet modestly increases functional platelet counts in
healthy humans.
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Fig. 4. Dietary β-OHB supplementation promotes megakaryopoiesis and thrombocytopoiesis via MCT1 in mice. (A) ELISA detection of serum β-OHB in mice with
vehicle- or β-OHB–supplemented diet at various time points (n = 6 samples per group). (B) Platelet counts (PLT), plateletcrit (PCT), platelet distribution width (PDW), mean
platelet volume (MPV) analysis in whole blood frommice with vehicle- or β-OHB–supplemented diet at various time points (n = 6mice per group). (C) Tail bleeding times
were determined inmicewith vehicle- or β-OHB–supplemented diet at various time points (n = 6mice per group). The experiment was stoppedmanually after 10min. (D)
Representative whole-mount micrographs of CD41 (red), CD105 (white), and DAPI (blue) in the bone marrow of mice with vehicle- or β-OHB–supplemented diet. Scale
bar, 100 μm. Quantifications of the CD41+ cell number per field, the average diameter of CD41+ cells, the average distance between CD41+ cells and CD105+ vessels, and
the CD105+ area per field (n = 8 random fields per group). (E) Megakaryopoiesis- and thrombocytopoiesis-associated gene expression of isolated primary MKs frommice
with vehicle- or β-OHB–supplemented diet (n = 3 samples per group). (F) ELISA detection of serum β-OHB in control or KD-treated mice with or without MCT1 inhibitor
administration (n = 6 samples per group). (G) PLT, PCT, PDW, MPV analysis in whole blood in control or KD-treated mice with or without MCT1 inhibitor administration
(n = 6 samples per group). (H) Representative whole-mount micrographs of CD41 (red), CD105 (white), and DAPI (blue) in the bone marrow of control or KD-treated mice
with or without MCT1 inhibitor administration. Scale bar, 100 μm. Quantifications of the CD41+ cell number per field, the average diameter of CD41+ cells, the average
distance between CD41+ cells and CD105+ vessels, and the CD105+ area per field (n = 8 random fields per group). (I) Acetylation of histone H3 in isolated primary MKs
from control or KD-treated mice with or without MCT1 inhibitor administration. Total histone H3 marks the loading amount in each line. (J) Megakaryopoiesis- and
thrombocytopoiesis-associated gene expression of isolated primary MKs from control or KD-treated mice with or without MCT1 inhibitor administration (n = 3
samples per group). n.s., not significant; CD, control diet; KD, ketogenic diet.
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Fig. 5. Genetic depletion ofMct1 in MKs ablates the ketogenic diet–triggered thrombocytopoiesis. (A) Generation of Pf4 Cre Mct1flox/flox mice. Mice expressing Cre
under a cell type–specific Pf4 promoter were crossbred with mice with loxP sites inserted into the Slc16a1 region. MK-specificMct1 KO mice were identified by genotyp-
ing. UTR, untranslated region. (B) MCT1 protein expression in isolated primary MKs fromwild-type (WT) and Pf4 Cre Mct1flox/flox mice. (C) ELISA detection of intracellular β-
OHB in isolated primary MKs from wild-type or Pf4 Cre Mct1flox/flox mice (n = 5 samples per group). (D) Megakaryopoiesis- and thrombocytopoiesis-associated gene
expression of isolated primary MKs from KD- or control diet–treated wild-type or Pf4 Cre Mct1flox/flox mice (n = 3 samples per group). (E) Representative whole-mount
micrographs of CD41 (red), CD105 (white), and DAPI (blue) in the bone marrow of KD- or control diet–treated wild-type or Pf4 Cre Mct1flox/flox mice. Scale bar, 100 μm.
Quantifications of the CD41+ cell number per field, the average diameter of CD41+ cell, the average distance between CD41+ cells and CD105+ vessels, and the CD105+

area per field (n = 8 random fields per group). (F) Representative transmission electron microscopy micrographs of isolated primary MKs from KD- or control diet–treated
wild-type or Pf4 Cre Mct1flox/flox mice. Red arrowhead, nucleus; yellow arrowhead, pre-DMS; blue arrowhead, cytoplasmic rearrangements. Scale bars, 2 μm (top), 500 nm
(middle), and 1 μm (bottom). (G) Platelet counts (PLT), plateletcrit (PCT), platelet distribution width (PDW), mean platelet volume (MPV) analysis in whole blood from KD-
or control diet–treated wild-type or Pf4 Cre Mct1flox/flox mice (n = 6 samples per group). n.s., not significant; CD, control diet; KD, ketogenic diet; cKO, conditional knockout.
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A ketogenic lifestyle is inversely correlated with CIT
incidence
In clinical practice, the use of ketogenic diets in patients with cancer
has been widely reported. Despite the lack of randomized controlled
trials with large patient cohorts, consistent reports support the
safety of ketogenic diets for such patients (29). The impact of keto-
genic diets on CIT in patients with cancer is, however, unknown. To
translate our findings to a clinically relevant situation, we conducted

a retrospective clinical study including 28 patients with cancer re-
ceiving conventional chemotherapy either alone or in combination
with hormones or monoclonal antibodies. A ketogenic lifestyle (low
carb, moderate protein, and high fat) was reported for 11 patients,
and a conventional dietary lifestyle was reported for 17 patients
(Fig. 7H). Baseline characteristics were comparable in terms of
age and gender (tables S2 and S3). Patients were monitored for
blood platelet counts during chemotherapy. Statistical analysis

Fig. 6. Ketogenic diet rescues gemcitabine-
or cyclophosphamide-induced CIT in mice.
(A) Schematic diagram of the CIT model. A
mouse Panc02 pancreatic cancer model was
established. Gemcitabine (400 mg/kg twice
per week) was administrated on tumor-
bearing mice when tumor size reached ~1.0
cm3. Mice were given a KD for 14 days, after
gemcitabine administration started. (B)
Platelet counts (PLT), plateletcrit (PCT),
platelet distribution width (PDW), mean
platelet volume (MPV) analysis in whole
blood from healthy mice, KD- or control diet–
treated tumor-bearing CIT mice, or KD-
treated Pf4 Cre Mct1flox/flox CIT mice (n = 6
mice per group). Red dashed line indicates
the reference amount in healthy mice. (C)
Representative whole-mount micrographs of
CD41 (red), CD105 (white), and DAPI (blue) in
the bone marrow of healthy mice, KD- or
control diet–treated tumor-bearing CIT mice,
or KD-treated Pf4 Cre Mct1flox/flox CIT mice.
Scale bar, 100 μm. Quantifications of the
CD41+ cell number and the CD105+ area per
field (n = 8 random fields per group). (D)
ELISA detection of serum β-OHB in healthy
mice, KD- or control diet–treated tumor-
bearing CIT mice, or KD-treated Pf4 Cre
Mct1flox/flox CIT mice (n = 6 samples per
group). (E) Tail bleeding times were deter-
mined in healthy mice, KD- or control diet–
treated tumor-bearing CIT mice, or KD-
treated Pf4 Cre Mct1flox/flox CIT mice (n = 6
mice per group). The experiment was
stopped manually after 10 min. (F) Megakar-
yopoiesis- and thrombocytopoiesis-associat-
ed gene expression of isolated primary MKs
from healthy mice, KD- or control diet–
treated tumor-bearing CIT mice, or KD-
treated Pf4 Cre Mct1flox/flox CIT mice (n = 3
samples per group). (G) Schematic diagram of
CIT model usingmouse Lewis lung carcinoma
and cyclophosphamide (200 mg/kg on the
first injection and 30 mg/kg daily). (H) PLT,
PCT, PDW, MPV analysis in whole blood from
healthy mice and KD- or control diet–treated
tumor-bearing CIT mice. Red dashed line in-
dicates the reference amount in healthy mice.
(I) Representative whole-mount micrographs of CD41 (red), CD105 (white), and DAPI (blue) in the bonemarrow from healthy mice and KD- or control diet–treated tumor-
bearing CIT mice. Scale bar, 100 μm. Quantifications of the CD41+ cell number and the CD105+ area per field (n = 8 random fields per group). (J) ELISA detection of serum
β-OHB in healthymice and KD- or control diet–treated tumor-bearing CITmice (n = 6 samples per group). (K) Tail bleeding times were determined in healthymice and KD-
or control diet–treated tumor-bearing CIT mice (n = 6 mice per group). The experiment was stopped manually after 10 min. (L) Megakaryopoiesis- and thrombocyto-
poiesis-associated gene expression of isolated primary MKs from healthy mice and KD- or control diet–treated tumor-bearing CIT mice (n = 3 samples per group). n.s., not
significant; CD, control diet; KD, ketogenic diet.
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was conducted to compare changes in platelet count measurements
between the two lifestyle groups. Patients on a ketogenic diet had
significantly higher platelet counts than patients on a conventional
diet (P = 0.026; Fig. 7I). The incidence of CIT [platelet
counts < 100 × 109/liter; (39)] was 11.8% (2 in 17) in patients on
a conventional diet and 0% (0 in 11) in patients on a ketogenic
diet (Fig. 7I). We did not observe differences in other blood cell
types (table S1). We should admit that our clinical data are prelim-
inary, and the cohort size was limited. However, these findings rec-
oncile with findings from preclinical models and provide
preliminary data that ketogenic diets have potential for treating
CIT in cancer.

DISCUSSION
Accumulating evidence indicates that adhering to a ketogenic diet
could have a therapeutic role in cancer and its associated complica-
tions. As nutritional interventions, ketogenic diets could reduce the
use of pharmaceuticals in oncological therapies, which brings tre-
mendous economic and social benefits (40). The majority of pre-
clinical evidence supports an antitumor effect of ketogenic diets.
However, clinical data are not clear because contradictive findings
both for and against tumor-inhibiting effects have been reported
(29). Besides antitumor effects, consistent clinical findings of
blood glucose reduction, ketosis, and no serious adverse events or
toxicity were reported, supporting the safety of ketogenic diets for

Fig. 7. Ketogenic diet modestly increases platelet counts in healthy volunteers and is inversely correlated with CIT incidence in patients with cancer. (A) Sche-
matic model of blood collection on days 0, 3, and 7 from volunteers strictly adhering to a standardized KD. (B) Detection of ketone bodies in the serum on 0, 3, and 7 days
after KD initiation from each volunteer.−, undetected; +, mild; ++, moderate. (C) ELISA detection of serum β-OHB from volunteers 0, 3, and 7 days after KD initiation (n = 5
samples per group). (D) Circulating platelet count (PLT) from volunteers 0, 3, and 7 days after KD initiation (n = 5 samples per group). (E) Plateletcrit (PCT), platelet
distribution width (PDW), mean platelet volume (MPV) analysis in whole blood from volunteers 0, 3, and 7 days after KD initiation (n = 5 samples per group). (F) PLT,
PCT, PDW, MPV analysis from each volunteer before and after the KD intervention (n = 5 samples per group). (G) Representative transmission electron microscopy (TEM)
micrographs of platelets isolated from volunteers 0, 3, and 7 days after KD initiation. G, α-granule. Scale bars, 500 nm (top) and 200 nm (bottom). Quantification of α-
granule number per field and average platelet diameter (n = 8 random fields per group). (H) Schematic model of a retrospective clinical study including 28 patients with
cancer receiving conventional chemotherapy with or without the combination of hormones or monoclonal antibodies. A ketogenic lifestyle (low carb, moderate protein,
and high fat) was reported in 11 patients, and a conventional dietary lifestyle was reported in 17 patients. Age, gender, and platelet counts were analyzed. (I) Circulating
platelet count of chemotherapeutics-treated cancer patients adopting conventional dietary lifestyle (167.94 ± 54.01 × 109/liter) and chemotherapeutic-treated patients
with cancer who adopted a ketogenic lifestyle (228.55 ± 82.26 × 109/liter) (n = 17 patients in conventional dietary lifestyle group; n = 11 patients in ketogenic lifestyle
group). Red dashed line marks the CIT reference amount. n.s., not significant.
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patients with cancer (29). It is important to note that, other than
treating the tumor mass per se, clinical treatment of patients with
tumors requires constant attention to cancer- or treatment-associ-
ated complications (41). At present, investigating the efficacy of ke-
togenic diets for preventing or treating cancer-associated
complications is largely overlooked. One study showed that keto-
genic diet effectively maintained a positive nitrogen balance in pa-
tients with cancer-associated cachexia (42), suggesting ketogenic
diet’s potential for treating cancer-associated catabolic complica-
tions. Considering the safety of ketogenic diets and the unfavorable
metabolic environment they create for tumors, the use of ketogenic
diet for the treatment of cancer-associated complications may have
a multiplier effect.

Thrombocytopenia in patients with cancer induces bleeding risk
and limits chemotherapy efficacy. CIT accounts for a large propor-
tion of thrombocytopenia in patients with cancer and occurs in 1/10
of patients receiving chemotherapy (1). In addition to the immedi-
ate risk of bleeding, thrombocytopenia can lead to delayed surgery
and subsequent platelet transfusions that may cause allergic reac-
tions or infections. Chemotherapy dose reduction is a common
strategy to alleviate CIT but may lead to loss of efficacy coupled
to unabated tumor progression and further cancer complications.
Considering these devastating consequences of CIT, timely and ef-
fective therapy or, better yet, preventive measures should be
adopted for all patients with CIT. Although there are no approved
therapies for CIT, currently the most promising therapeutic option
with affordable side effects is the use of TPOR agonists (8, 9).
However, such targeted therapeutics are expensive and are frequent-
ly not covered by health care systems in most countries. In the
United States, the mean cost of CIT-related care was more than
$2,000 per CIT cycle (1). Furthermore, targeted therapeutic regi-
mens are unlikely to be used for prevention. In contrast, therapeutic
diets are generally low-cost (~$70 or less per week), and most pre-
ventive care already has dietary counseling included. Dietary inter-
vention might become an attractive option for treatment or
prevention of CIT. Strict fasting also increases circulating ketone
bodies (43). It is reported that fasting increase chemotherapy toler-
ance (44) and affects various types of blood cells in terms of number
and function (45, 46). However, patients can often barely tolerate
fasting. Perhaps fasting-mimicking diets can be better tolerated
and might increase the β-OHB for a considerable duration.
Whether fasting-mimicking diets could treat CIT deserves further
exploration.

We acknowledge several limitations of our study. We showed
that short- and long-term ketogenic diets increase platelet biogen-
esis in mice. These preclinical models recapitulate the ketogenic diet
up-regulated platelet counts in healthy volunteers and CIT inci-
dence seen in a small cohort of patients with cancer. The therapeu-
tic potential of ketogenic diet on CIT requires validation in large-
scale prospective clinical studies. In this study, we also chose to
focus on delineating the KD-induced molecular regulation of
thrombocytopoiesis by MKs rather than investigating the broader
impact of KDs in other aspects of MK signaling or in other cells
types that may also play a role in the process. We showed that β-
OHB plays dual roles as an inducer of acetylation and an inhibitor
of deacetylase activity. Both of these two roles are important for ke-
togenic diet–induced thrombocytopoiesis. Ketone bodies may also
perform their biological functions by non-epigenetic mechanisms,
such as by sustaining the TCA cycle (28) or direct modulation of key

signaling pathways (47). These possibilities need further investiga-
tion. In our work, two key transcription factors involved in MK dif-
ferentiation and platelet biogenesis, GATA-1 and NF-E2, were
selected because of their ability to determine MK cell fate and to
regulate thrombocytopoiesis potentially via membrane budding
(15, 16, 48). We also show that NF-E2 downstream genes, including
Tubb1, Hsd3b1, and caspase 12, might be involved in this budding
process. However, it should be noted that bone marrow niche cells,
including stromal cells and endothelial cells, promote thrombocy-
topoiesis (49, 50). Their contributions to ketogenic diet–induced
thrombocytopoiesis require further study.

Together, our findings demonstrate that ketogenic diets contrib-
ute to thrombocytopoiesis and may have potential for preventing
CIT in patients undergoing oncological treatment. Circulating β-
OHB produces profound impacts on MKs that drive thrombocyto-
poiesis via epigenetic mechanisms. Ketogenic diets had protective
effects in preclinical CIT models and in a small clinical pilot
study. This work paves potential avenues for managing CIT and
provides mechanistic insights into the metabolic regulation of plate-
let biogenesis.

MATERIALS AND METHODS
Study design
The goal of this study was to investigate potential effects of ketogen-
ic diets on MKs and platelets, mechanisms of ketogenic diets on
platelet production, and the potentials of ketogenic diets to treat
or prevent CIT. We investigated platelets in the peripheral blood
and MKs in the bone marrow in healthy mice and tumor-bearing
CIT mice at various time points by complete blood count, platelet
functional assays, whole-mount staining (51, 52), and transmission
EM. All murine experiments were done using 3 to 10 animals per
group in each experiment. All animal experiments were performed
at least two times and in biological replicates except where noted.
Animals were randomly allocated to each group. No statistical
methods were used to predetermine sample size. The experimenter
was not blinded to the assignment of the groups or the evaluation of
the results. No data were excluded. Human studies were performed
on volunteers or patients in Nanjing Drum Tower Hospital,
Nanjing, China with approval from the institutional review board.
All patients had advanced-stage cancer and were receiving standard
chemotherapy. All volunteers and patients provided written in-
formed consent before participating in this study.

Animals
All animal experiments were approved by the Animal Experimental
Ethical Committee of Fudan University, Shanghai, China
(20190430) and in accordance with the Animal Research: Reporting
of In Vivo Experiments guidelines. Male and female C57BL/6 mice
at the age between 6 and 8 weeks old and HFD-fed male C57BL/6
mice at the age of 20 weeks old were purchased from GemPharma-
tech and maintained under a 12-hour dark/12-hour light cycle with
food and water provided ad libitum. To obtain MK-specific MCT1
KO mice, Slc16a1/Mct1flox/flox mice (Cyagen) were crossed with Pf4
Cre mice (Cyagen) to obtain Pf4 Cre Slc16a1/Mct1 flox/flox mice.
Genotyping was performed using EZ DirectPCR Lysis Reagent
(catalog no. AN11L228, Life-iLab) and analyzed by polymerase
chain reaction (PCR) with two primer pairs: 5′-
GCCTCTTGCTACTTAGTACTCTTG-3′ (forward) and 5′-
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TTGAGGAACAAATGACTGCTTACAG-3′ (reverse); 5′-
CTTAGGGTTATTTTAGTAGCAGTTC-3′ (forward) and 5′-
GTGGATTCGGACCAGTCTGA-3′ (reverse).

Human studies
All human studies were approved by the Ethical Review Committee
in Nanjing Drum Tower Hospital, Medical School of Nanjing Uni-
versity (20140215, 2022DZGZR-QH-005). Healthy Asian male vol-
unteers with written informed consent were treated with 1-week
ketogenic diet [5% carbohydrate, 15% protein, and 80% fat (53,
54)] (Shanghai HuaTong Biological Technology). Each volunteer
consumed 1500 kcal/day. Blood samples were collected before
lunch for ketone body detection, complete blood count, coagulation
tests, and thromboelastography. After collection, platelets were im-
mediately isolated for further in vitro studies. To evaluate whether
ketogenic lifestyle was associated with CIT incidence, 28 Asian pa-
tients with advanced-stage cancer receiving conventional chemo-
therapy in Nanjing Drum Tower Hospital were included, and
their dietary lifestyles were analyzed by a diet and nutritional
status questionnaire. A ketogenic lifestyle (low carb, moderate
protein, and high fat) was identified in 11 patients, and a conven-
tional dietary lifestyle was identified in the other 17 patients. After
receiving more than 2 cycles of chemotherapy, platelet counts were
analyzed. Demographic information and dietary lifestyle informa-
tion of these patients were collected with written informed consent
for retrospective analysis.

Drug treatment
To block β-OHB transportation in vivo, MCT1 inhibitor AZD3965
(54) (catalog no. MB4789, Meilunbio) at 50 mg/kg was given orally
twice per day for 7 days. Dimethyl sulfoxide (catalog no. MB2505,
Meilunbio) was used as control. For in vitro experiments, MKs were
cultured with 2 mM β-OHB (catalog no. S161108, Aladdin) and
were treated with AZD3965 at 50 nM or with a selective inhibitor
of HDAC1 and HDAC2, FK228 (catalog no. MB1265, Meilunbio) at
46 nM.

Statistical analysis
Statistical analysis was performed using GraphPad Prism (Graph-
Pad). Data normality was investigated using the Shapiro-Wilk nor-
mality test. Statistical differences between two groups were
determined by two-tailed Student’s t tests. Differences among mul-
tiple groups were evaluated using post hoc testing of analysis of var-
iance (ANOVA) (Tukey’s). Data are presented as means ± SD.
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