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Abstract:
This study uncovers the pivotal role of acetyl-CoA carboxylase 1 (ACC1) in regulating platelet
lipid composition, bioenergetics, activation, and thrombus formation, as demonstrated using a
targeted GPIbα-Cre+/- mouse model. By comparing platelet-specific ACC1 knockout mice (pKO; GPIbα-
Cre+/- x ACC1flx/flx) with both GPIbα-Cre+/- and ACC1flx/flx control groups, we showed that ACC1
deficiency profoundly reshaped the platelet phospholipidome. Specifically, ACC1 deletion led to
decreased levels of arachidonic acid-containing phosphatidylethanolamine plasmalogens, thereby
limiting thromboxane A2 synthesis, dense granule secretion, and platelet activation upon agonist
stimulation. Bioenergetic analysis of ACC1-deficient platelets revealed reduced glycolytic
activity, potentially worsening their activation defects. Notably, ACC1 deficiency also enhanced
the mitochondrial reserve respiratory capacity, without altering basal respiration or ATP turnover.
This increased reserve respiratory capacity correlated with reduced phosphatidylserine exposure,
suggesting lower procoagulant activity. Importantly, we showed that ACC1 deficiency impaired
thrombus formation without compromising hemostasis. Together, these findings identified ACC1 as a
critical regulator of platelet function and highlighted its potential as a target for innovative
anti-thrombotic therapies. <div id="ConnectiveDocSignExtentionInstalled" data-extension-
version="1.0.4"> </div>
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 64 

Abstract  65 

This study uncovers the pivotal role of acetyl-CoA carboxylase 1 (ACC1) in regulating 66 

platelet lipid composition, bioenergetics, activation, and thrombus formation, as 67 

demonstrated using a targeted GPIbα-Cre+/- mouse model. By comparing platelet-specific 68 

mailto:sandrine.horman@uclouvain.be


4 

 
 

ACC1 knockout mice (pKO; GPIbα-Cre+/- x ACC1flx/flx) with both GPIbα-Cre+/- and ACC1flx/flx 69 

control groups, we showed that ACC1 deficiency profoundly reshaped the platelet 70 

phospholipidome. Specifically, ACC1 deletion led to decreased levels of arachidonic acid-71 

containing phosphatidylethanolamine plasmalogens, thereby limiting thromboxane A2 72 

synthesis, dense granule secretion, and platelet activation upon agonist stimulation. 73 

Bioenergetic analysis of ACC1-deficient platelets revealed reduced glycolytic activity, 74 

potentially worsening their activation defects. Notably, ACC1 deficiency also enhanced the 75 

mitochondrial reserve respiratory capacity, without altering basal respiration or ATP turnover. 76 

This increased reserve respiratory capacity correlated with reduced phosphatidylserine 77 

exposure, suggesting lower procoagulant activity. Importantly, we showed that ACC1 78 

deficiency impaired thrombus formation without compromising hemostasis. Together, these 79 

findings identified ACC1 as a critical regulator of platelet function and highlighted its potential 80 

as a target for innovative anti-thrombotic therapies. 81 

 82 
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 86 

Introduction  87 

Understanding the role of lipid composition in the platelet plasma membrane is crucial for 88 

unraveling hemostasis and thrombosis complexity. Lipids significantly influence platelet 89 

functionality, membrane fluidity, curvature, shape changes, and bioactive signaling molecule 90 

production.1-7 Several lipidomic studies have characterized lipid profiles of both resting and 91 

activated platelets4, 8-13, identifying glycerophospholipids - including phosphatidylcholine (PC), 92 

phosphatidylethanolamine (PE), phosphatidylserine (PS), and phosphatidylinositol (PI) - as 93 

the main lipid class.10 These glycerophospholipids differ in their head groups as well as 94 
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length and saturation of their two fatty acyl chains.1, 6, 14 Watanabe et al. reported that the 95 

main saturated fatty acids in the platelet plasma membrane are palmitic acid (PAL, 16:0) and 96 

stearic acid (SA, 18:0), with oleic acid (OA, 18:1) and arachidonic acid (AA, 20:4) being the 97 

predominant unsaturated fatty acids.15 Arachidonic acid is particularly abundant in 98 

phosphatidylethanolamine plasmalogen (PEP), a glycerophospholipid subclass characterized 99 

by a vinyl-ether bond at the sn-1 position of the glycerol backbone.1 Upon platelet activation, 100 

these arachidonylated plasmalogens are selectively hydrolyzed by the phospholipase A2 101 

(PLA2), releasing AA and generating lysophospholipid species.16-18 Subsequent AA oxidation 102 

via the cycloxygenase and lipoxygenase pathways produces key lipid mediators, such as 103 

thromboxane A2 (TxA2) and other eicosanoids, which are crucial for platelet activation and 104 

bioenergetics.4, 6, 19-21  105 

Platelets can synthesize lipids and fatty acyls de novo.22, 23 Acetyl-Coenzyme A (CoA) 106 

carboxylase (ACC) has emerged as a key enzyme in this process, catalyzing malonyl-CoA 107 

production, the rate-limiting substrate for de novo lipogenesis (DNL).24 Among the two 108 

isoforms (ACC1 and ACC2), ACC1 is the predominant isoform in platelets.20, 25, 26 While DNL 109 

is typically considered a moderate contributor to intracellular lipid stores, a modulation of 110 

DNL can significantly alter membrane lipid saturation and the properties of various cell types, 111 

including endothelial 27 and cancer cells.28, 29 We have previously demonstrated that systemic 112 

AMPK-ACC signaling inhibition and the resulting sustained ACC activation modifies AA-113 

containing PEP levels in platelets, thereby influencing their reactivity to collagen and 114 

promoting thrombosis through increased TXA2 generation.20 Recent studies have also linked 115 

ACC to demarcation membrane formation in megakaryocytes (MKs), which is crucial for 116 

platelet biogenesis.30 However, whether platelets derived from ACC-deficient MKs exhibit 117 

altered lipidome composition, reduced activation or functional impairments remains unknown. 118 

In this study, we investigated the impact of ACC1 deletion on platelet lipid composition and 119 

function. Using GPIb-Cre+/- mice for platelet-specific genetic ACC1 deletion, we 120 

demonstrated that ACC1 is essential for regulating the PEP lipid class and the overall levels 121 
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of saturated and long polyunsaturated fatty acyl chains in platelet glycerophospholipids. 122 

These regulatory mechanisms directly impacted platelet functionality, resulting in reduced 123 

thrombosis in mice. Our findings suggest that targeting DNL or ACC1 could be a promising 124 

strategy to prevent thrombotic disorders. 125 

 126 

Methods 127 

Additional materials and methods are outlined in the supplemental data. 128 

Mice 129 

Platelet-specific ACC1 knockout mice were generated by crossing ACC1flx/flx females 130 

(Jackson laboratory) with GPIb-Cre+/- males 31, yielding ACC1flx/flx X GpIb-Cre+/- mice and 131 

ACC1flx/flx control mice. GpIb-Cre+/- animals were used as additional controls. All mice were 132 

on a C57BL/6 background, males aged 8–16 weeks, and maintained on standard chow diet. 133 

Animal experiments followed ARRIVE guidelines and were approved by local ethics 134 

committees (Comité d’éthique facultaire pour l’expérimentation animale, 2016/UCL/MD/027 135 

and 2021/UCL/MD/012). 136 

Lipidomics 137 

Platelets (2x108) were suspended in modified Tyrode’s buffer with 0.35% free fatty acid 138 

bovine serum albumin (BSA). Dry platelet pellets were obtained by centrifugation at 11,700g 139 

for 15 seconds, then stored at -80°C prior to lipid extraction. Lipid extraction and subsequent 140 

lipidomic analysis were conducted as previously described.[1]  141 

Lipidomic data statistical analysis  142 

Lipid species concentrations were analyzed using R.4.2.1 according to the following 143 

bioinformatics pipeline. The lipid species concentration matrix and associated metadata were 144 

imported into a SummarizedExperiment object ( v.1.28.0), and lipid species with >80% 145 

missing values were excluded. Normalization was performed via the MSTUS method, 146 

followed by log2 transformation. Linear models for each lipid species were built using limma 147 

(v3.54.2), yielding fold changes and p-values, which were FDR-adjusted (Benjamini-148 
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Hochberg, FDR≤0.05). Visualizations were produced using ggplot2 (v3.4.2), ggradar (v0.2), 149 

and forestplot (v3.1.1). 150 

Statistical analysis  151 

Statistical parameters including sample size, mean, standard error of the mean (SEM), and 152 

statistical significance are specified in the figure legends. P-values≤0.05 were considered 153 

statistically significant. Statistical analyses were performed using GraphPad Prism 9.1.2 154 

(GraphPad Software, San Diego, CA). 155 

 156 

Results  157 

Platelet-specific ACC1 knockout mice displayed reduced platelet counts and 158 

increased αIIbβ3 expression 159 

We developed a platelet-specific ACC1 knockout (pKO) mouse model and confirmed the 160 

absence of ACC1 expression in platelets, with no compensatory ACC2 upregulation (Figure 161 

1A). ACC1 expression levels in leukocytes from ACC1 pKO mice were comparable to those 162 

from ACC1flx/flx and GPIb-Cre+/- control mice, confirming the specificity of the ACC1 floxed 163 

gene deletion within the MK lineage by GPIb-Cre-mediated recombination. Liver extracts 164 

were used as positive controls for detecting both ACC1 and ACC2. ACC1 deficiency resulted 165 

in a significant platelet count reduction compared with ACC1flx/flx and GPIb-Cre+/- control 166 

mice, along with a platelet volume increase (Figure 1B and C). Minor changes were noted in 167 

other blood cell types, including erythrocytes, leukocytes, lymphocytes, and granulocytes, 168 

with hematocrit levels remaining similar across all three genotypes, suggesting that these 169 

effects were platelet-specific (supplemental Table 1). Flow cytometry analysis of platelets 170 

isolated from mice injected with Alexa488-GPIbβ antibodies revealed a modest but 171 

significant reduction in platelet clearance in ACC1-deficient mice compared to both ACC1flx/flx 172 

and GPIb-Cre+/- control groups three days after injection, indicating that the reduced platelet 173 

counts observed in ACC1 pKO mice is not due to increased platelet turnover (supplemental 174 
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Figure 1A, Figure 1D). Given the role of CD36 in megakaryopoiesis 30, 32, 33, we assessed its 175 

expression in ACC1-deficient platelets as a read-out for potential changes in 176 

megakaryocytes. CD36 levels were increased in ACC1 pKO platelets compared to both 177 

controls (supplemental Figure 1E), arguing against CD36 downregulation as a cause of the 178 

observed thrombocytopenia. 179 

Further flow cytometry analysis of major platelet surface receptors, normalized to mean 180 

platelet volume (MPV), revealed a modest increase in αIIbβ3 expression in ACC1 pKO 181 

compared with ACC1 flx/flx and GPIb-Cre+/- platelets (Figure 1E). In contrast, the expression 182 

levels of other receptors, such as GPIbα or GPVI, were not elevated in ACC1-deficient 183 

platelets. Interestingly, GPIbα expression was even reduced in GPIb-Cre+/- platelets, 184 

compared with both ACC1flx/flx and ACC1 pKO platelets (Figure 1E), despite a slightly 185 

increased platelet volume. This reduction in GPIbα expression has been previously 186 

documented in GPIb-Cre+/- mice.31 Finally, Western blot analysis of PAR3, PAR4, and TP 187 

receptors showed comparable expression levels across the three genotypes, with no 188 

consistent or statistically significant differences observed (supplemental Figure 1B-D). 189 

 190 

Lipidomic analysis revealed distinct changes in lipid profiles of ACC1 pKO platelets 191 

To investigate the impact of ACC1 deficiency on platelet lipid composition, we performed a 192 

lipidomic analysis on resting platelets from ACC1 pKO mice and compared the results with 193 

those of the two control groups (ACC1flx/flx and GPIbα-Cre+/-) using the Lipidyzer platform. 194 

Principal component analysis (PCA) was conducted to distinguish the lipidome profiles of 195 

ACC1 pKO mice from those of the control groups. The PCA revealed a clear separation 196 

between the lipid profiles of ACC1 pKO and control mice, with the two principal components 197 

accounting for 50.1% of the variance in the lipidome across the three genotypes (Figure 2A). 198 

The lipidomic analysis identified 446 lipid species across 16 lipid classes/subclasses, 199 

including fatty acids (FA), diacylglycerol (DG), triacylglycerol (TG), phosphatidic acid (PA), 200 

PC, PE, PEP, phosphatidylglycerol (PG), PI, PS, lysophosphatidyl-choline (LPC), 201 
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lysophosphatidyl-ethanolamine (LPE), sphingomyelin (SM), ceramide (CER), 202 

hydroxyceramide (HCER), and cholesterol ester (CE) when comparing ACC1 pKO with 203 

ACC1flx/flx
 mice. Notably, 168 lipid species (38% of the identified platelet lipid species) were 204 

significantly differentially expressed between these two groups (Figure 2B; supplemental 205 

Table 2). Similarly, when comparing ACC1 pKO and GPIb-Cre+/- mice, 206 out of the 436 206 

identified lipid species were differentially expressed (supplemental Figure 2A; supplemental 207 

Table 2). Class-wide analysis revealed that ACC1 deficiency led to a down-regulation of PEP 208 

species, while CER, PC, and PE lipid classes were up-regulated (Figure 2B; supplemental 209 

Figure 2A). To further explore changes in phospholipid species, we examined differences in 210 

fatty acyl chain length and unsaturation degree among groups. Consistent with previous 211 

studies20, 27, 28, our analysis revealed that ACC1 deficiency was associated with a decrease in 212 

PAL (16:0) across three phospholipid classes (PC, PE, and PEP). In contrast, levels of long 213 

polyunsaturated fatty acids (PUFAs) such as AA (20:4), eicosapentaenoic acid (EPA, 20:5), 214 

and docosahexaenoic acid (DHA, 22:6) were increased in PC and PE classes (Figure 2C-E; 215 

supplemental Figure 2B-D). Given that AA is a key precursor for the generation of signaling 216 

mediators in platelets, we specifically assessed the levels of AA-containing phospholipids 217 

(PC, PE, and PEP) across the three genotypes. Our findings showed that AA-containing PC 218 

or PE were up-regulated, whereas AA-containing PEP levels were reduced in ACC1 pKO 219 

compared with both ACC1flx/flx
 and GPIb-Cre+/- control platelets (Figure 2F; supplemental 220 

Figure 2E). A comparative analysis of the relative abundance of AA-containing phospholipids 221 

among groups revealed that the PEP 16:0/20:4 species was the most abundant within 222 

platelet phospholipid classes in control mice. In ACC1 pKO mice, the PEP 16:0/20:4 species 223 

is reduced, and PE 18:0/20:4 becomes the most abundant (Figure 2G; supplemental Figure 224 

2F). Overall, these results underscored the pivotal role of ACC1 in the modulation of both 225 

saturated and polyunsaturated fatty acyl chain levels in platelet phospholipids. Notably, 226 

arachidonylated plasmalogen regulation may have significant implications for platelet 227 
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responsiveness to agonists, potentially by impacting energy metabolism and/or TxA2 228 

generation. 229 

 230 

Energy metabolism was modulated in ACC1 pKO platelets 231 

Given that acyl-CoA, especially AA (20:4) and eicosanoids, serve as substrates for platelet 232 

mitochondrial β-oxidation4, 19, we investigated the impact of ACC1 deficiency on energy 233 

metabolism. We initially measured the basal oxygen consumption rate (OCR) and 234 

subsequently monitored changes following either thrombin injection (1U/ml) or vehicle 235 

(Dulbecco's modified eagle medium; DMEM) over a 30 minutes period. Under non-stimulated 236 

conditions, OCR was comparable between control and ACC1 pKO platelets, with glucose as 237 

the metabolic substrate. Thrombin injection resulted in a similar OCR increase in ACC1-238 

deficient and control platelets (Figure 3A and B; supplemental Figure 3A and B). To further 239 

evaluate oxidative phosphorylation, we injected oligomycin, an adenosine triphosphate (ATP) 240 

synthase inhibitor, which led to the anticipated OCR decrease. ATP-linked respiration did not 241 

differ significantly between ACC1 pKO and control platelets. Following this, carbonyl cyanide-242 

p-trifluoromethoxyphenylhydrazone (FCCP), a mitochondrial uncoupler that disrupts 243 

membrane potential, was used to induce maximal respiration, which was found to be similar 244 

among all three genotypes under basal conditions (Figure 3A and B, supplemental Figure 3A 245 

and B). Upon thrombin stimulation, there was a decrease in maximal respiration and reserve 246 

capacity in ACC1flx/flx and GPIb-Cre+/- platelets.4, 34 Interestingly, ACC1 deficiency was 247 

associated to a significant increase in mitochondrial respiratory reserve after thrombin 248 

stimulation compared with ACC1flx/flx platelets, suggesting a greater availability of 249 

endogenous metabolic substrates to meet the increased energetic demand. The same trend 250 

was observed in comparison to GPIb-Cre+/- platelets. Finally, the respiratory-chain complex 251 

I/III inhibitors rotenone/antimycin A (R/AtA) reduced mitochondrial-induced OCR to a similar 252 

extent across all three genotypes, and proton leak remained unchanged among groups 253 

(Figure 3A and B; supplemental Figure 3A and B). In parallel, extracellular acidification rate 254 
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(ECAR), which reflects proton release primarily due to lactate production and is commonly 255 

used as an indirect indicator of glycolytic activity, increased upon thrombin stimulation in all 256 

genotypes. Specifically, thrombin induced an increase in ECAR relative to resting conditions 257 

in both control and ACC1 pKO platelets. However, absolute ECAR values remained 258 

consistently lower in ACC1-deficient platelets, suggesting reduced glycolytic capacity (Figure 259 

3C and D, supplemental Figure 3C and D). These findings suggest that ACC1 can be 260 

involved in the regulation of platelet energy metabolism, a feature that may affect their ability 261 

to respond effectively to thrombogenic stimuli. 262 

 263 

Reduced arachidonylated PEP content restricted TxA2 generation and dense granule 264 

release in ACC1 pKO platelets 265 

We next evaluated the impact of ACC1 deficiency on TxA2 production by measuring TxB2 266 

levels. Platelets lacking ACC1 showed a significant reduction in TxB2 generation following 267 

thrombin and collagen-related peptide (CRP) stimulation. Aspirin was used as a positive 268 

control for TxB2 generation inhibition (Figure 4A). Of note, the observed reduction in TxB2 269 

production in ACC1 pKO platelets is unlikely to result from impaired phospholipase A2 (PLA2) 270 

activation, as PLA2 activity remained comparable between ACC1 and control platelets in both 271 

resting and thrombin-stimulated conditions (supplemental Figure 4F).  Since TxA2 acts as a 272 

secondary platelet agonist involved in αIIbβ3 integrin activation and dense granule 273 

secretion35, we further examined platelet reactivity to thrombin and CRP. We first 274 

investigated αIIbβ3 inside-out signaling by analyzing platelet aggregation. ACC1 pKO 275 

platelets displayed reduced aggregation in response to both thrombin and CRP compared 276 

with ACC1flx/flx platelets (Figure 4B and C). This impaired aggregation correlated with 277 

decreased αIIbβ3 activation, as indicated by the reduced JON/A antibody binding compared 278 

with ACC1flx/flx platelets (Figure 4D). We then analyzed platelet granule secretion. Following 279 

thrombin stimulation, surface expression of P-selectin, a marker for α-granule secretion, was 280 

similar between ACC1 pKO and ACC1flx/flx platelets. However, it tended to be reduced in 281 

ACC1 pKO platelets at low CRP concentrations (Figure 4E), suggesting that ACC1 282 
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deficiency may modestly impair α-granule secretion in response to this agonist. In contrast, 283 

ATP release, indicative of dense granule secretion, was significantly reduced in ACC1 pKO 284 

platelets compared with ACC1flx/flx platelets following thrombin or CRP stimulation (Figure 4F 285 

and G). Importantly, similar results in TxA2 generation, platelet aggregation, and dense 286 

granule release were observed when comparing platelets from ACC1 pKO mice with those 287 

from GPIb-Cre+/- mice (supplemental Figure 4B-F). These findings highlight the pivotal role 288 

of ACC1 in regulating platelet reactivity through the synthesis of AA-containing PEP, used as 289 

a source for TxA2 production. To test whether impaired aggregation could be rescued by 290 

supplementing secondary mediators, we co-stimulated ACC1 pKO platelets with thrombin 291 

and exogenous ADP. However, this co-stimulation failed to restore aggregation to control 292 

levels, suggesting that the functional defect extends beyond impaired ADP release 293 

(supplemental Figure 4G and 4H). 294 

Interestingly, the absence of ACC1 also altered platelet morphology under both resting and 295 

stimulated conditions. At rest, ACC1-deficient platelets exhibited a significantly larger surface 296 

area when spread on fibrinogen (12.58 ± 0.7917 µm²) compared to ACC1flx/flx platelets (9.392 297 

± 0.5965 µm²) and GPIbα-Cre⁺/⁻ platelets (10.39 ± 0.712 µm²) (Figure 5A-C). However, upon 298 

CRP stimulation, ACC1-deficient platelets displayed a notably reduced proportion of fully 299 

spread platelets compared to controls. Instead, a higher number of filopodia-extending 300 

platelets was observed, indicating a failure to achieve full spreading under agonist 301 

stimulation (Figure 5A, 5D-E).  302 

 303 

Platelet-specific ACC1 deletion reduced thrombus formation on collagen-coated 304 

surfaces under flow conditions 305 

To evaluate platelet functions under dynamic conditions, we perfused anti-coagulated blood 306 

over collagen I- and III-coated surfaces at a shear rate of 1,000s-1 and examined thrombus 307 

formation. Brightfield images were captured to assess platelet adhesion and thrombus 308 

buildup. Platelet adhesion was quantified by analyzing the surface area coverage (SAC), 309 
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while thrombus formation was characterized by the surface area covered by multilayered 310 

thrombi and thrombus contraction score.36, 37 Compared with ACC1flx/flx or GPIb-Cre+/-, 311 

ACC1 pKO mice blood exhibited decreased platelet adhesion and multilayered thrombus 312 

formation, regardless of collagen-coated surface type (Figure 6A-D, supplemental Figure 5A-313 

D). This reduction was likely due to the reduced TxA2 and adenosine diphosphate (ADP) 314 

secretion, which are secondary agonists essential for platelet aggregation on collagen 315 

surfaces.20, 38, 39 Platelet activation in the flow chamber was simultaneously monitored using 316 

fluorescently labeled anti-P-selectin antibodies, JON/A antibodies, and annexin V to assess 317 

α-granule secretion, αIIbβ3 activation, and PS externalization (reflecting platelet 318 

procoagulant activity), respectively. Quantification showed significantly reduced activation 319 

levels of all markers in ACC1 pKO perfused blood on both collagen surfaces (Figure 6A,E-G, 320 

supplemental Figure 5A,E-G), confirming the loss-of-function phenotype of ACC1 pKO 321 

platelets even under flow conditions simulating thrombus formation in a blood vessel.  322 

 323 

In vivo thrombus growth in ACC1 pKO mice was impaired, without effect on 324 

hemostasis 325 

Finally, we investigated the role of platelet ACC1 in physiological hemostasis and thrombosis 326 

using in vivo mouse models. First, a bleeding time assay was performed, showing that the 327 

average bleeding time in ACC1 pKO mice was similar to that of ACC1flx/flx and GPIb-Cre+/- 328 

animals (Figure 7A). Next, we studied the involvement of platelet-specific ACC1 in arterial 329 

thrombus formation using the well-established carotid artery thrombosis model induced by 330 

ferric chloride.40 Thrombus formation was monitored in real time by intravital fluorescence 331 

microscopy. In line with the impaired reactivity of ACC1-deficient platelets, thrombus growth 332 

was significantly reduced in ACC1 pKO mice compared with ACC1flx/flx mice (Figure 7B and 333 

7D) and showed a moderate yet reproducible reduction when compared with GPIb-Cre+/- 334 

controls (Figure 7C and 7D). 335 

 336 
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Discussion 337 

Lipid metabolism in platelets has gained increasing attention in recent years, particularly 338 

regarding platelet activation and thrombotic diseases. Our previous research has 339 

demonstrated that systemic activation of ACC promotes platelet activation and thrombosis by 340 

extensively remodeling the platelet phospholipidome.20 However, selective ACC1 deletion 341 

effects on lipid composition and function of platelets had not yet been explored. Using the 342 

newly developed GPIbα-Cre+/- mouse model31, we provided definitive evidence that ACC1 is 343 

a crucial regulator of the platelet phospholipidome, with substantial implications for thrombus 344 

growth, as shown in both in vivo and ex vivo studies. This not only corroborates previous 345 

findings but also clearly indicates that ACC1 and lipid metabolism are key modulators of 346 

platelet function.  347 

The GPIbα-Cre+/- model enables the selective deletion of the floxed ACC1 gene within the 348 

MK lineage, avoiding the off-target effects associated with PF4-Cre. PF4-Cre can exhibit 349 

leaky expression in non-megakaryocytic and even non-hematopoietic cells, particularly under 350 

inflammatory conditions, and has been linked to aberrant chemokine expression, which may 351 

confound phenotypic analyses 31, 41, 42. GPIbα-Cre+/- mice display normal platelet function and 352 

hemostasis, with only minor changes in platelet volume and receptor expression.31 353 

Interestingly, ACC1 deficiency further increases MPV, potentially explaining, at least in part, 354 

the increased αIIbβ3 surface expression observed in ACC1 pKO platelets compared with 355 

GPIb-Cre+/- and ACC1flx/flx control mice.31, 43, 44 We also reported a significant platelet count 356 

reduction in ACC1pKO mice, consistent with findings in humans and primates following 357 

pharmacological ACC inhibition.45 In these cases, reduced platelet counts have been linked 358 

to impaired DNL-dependent synthesis of saturated PC species in MKs, essential for the 359 

formation of the demarcation membrane during platelet biogenesis.45 Since we also noticed a 360 

reduction in PC 16:0/16:0 and PC 16:0/18:0 in ACC1 pKO platelets, we can speculate that 361 

similar changes occur in MKs, potentially contributing to the decreased platelet counts in 362 

ACC1pKO mice. While CD36 has also been implicated in megakaryopoiesis 30, 32, 33, its 363 
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upregulation in ACC1-deficient platelets suggests it is unlikely to contribute to the platelet 364 

count reduction in this model.  365 

Although the mild thrombocytopenia in ACC1 pKO mice (25% reduction relative to controls) 366 

could theoretically impact thrombus formation, previous studies have suggested otherwise. 367 

Bourne et al. demonstrated that C57BL/6 mice maintain thrombus formation despite an 368 

approximate 50% platelet reduction induced by GPIbα-depleting antibody treatment.46 This 369 

indicates that the decreased thrombus formation observed in ACC1 pKO mice likely results 370 

from altered platelet function rather than from reduced platelet count. Supporting this, ACC1 371 

deficiency led to a significant decrease in TxA2 formation, resulting from the reduction in 372 

plasmalogens containing AA. This reduction was associated with impaired platelet activation, 373 

both in vitro after agonist stimulation and ex vivo in flow chamber studies. To assess whether 374 

defective aggregation in ACC1 pKO platelets could be rescued by a key secondary agonist, 375 

we co-stimulated thrombin-treated platelets with exogenous ADP. Aggregation remained 376 

impaired, indicating that deficient dense granule secretion is not solely responsible. Rather, 377 

changes in the phospholipidome may more broadly affect membrane organization, signaling, 378 

and metabolism. These alterations may increase membrane fluidity or expansion at baseline, 379 

thereby contributing to the larger surface area of ACC1-deficient platelets, while 380 

compromising the cytoskeletal remodeling required for full spreading upon activation. 381 

As exogenous AA is typically incorporated into phospholipids through fatty acid remodeling 382 

rather than de novo synthesis, further investigation is needed to elucidate ACC1-dependent 383 

mechanisms involved in the specific remodeling of the platelet phospholipidome. One 384 

hypothesis is that ACC1 deficiency could disrupt transacylation reactions required for the 385 

proper AA distribution across phospholipid pools, a process mediated by CoA-independent 386 

transacylase transfering AA from diacyl PC to vinyl-ether species like PEP, which are key 387 

free AA reservoirs for eicosanoid synthesis.17, 47 In support of this hypothesis, the reduction in 388 

PEP levels in ACC1 pKO platelets may reflect impaired ether lipid metabolism, which begins 389 

in peroxisomes. Although anucleate, platelets retain peroxisomal enzymes and express 390 
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PPARα, a regulator of peroxisome-related lipid pathways 48-51. PE-plasmalogens support 391 

membrane architecture, oxidative homeostasis, and act as reservoirs for PUFAs like AA 392 

(TxA2 precursor), and for PAF biosynthesis 52,53. Therefore, ACC1 deletion may limit lipid 393 

substrates required for TxA2 and PAF production, affecting platelet reactivity and 394 

inflammatory responses. 395 

In addition to the reductions in saturated fatty acyl chains-containing PC and AA-containing 396 

PEP, we observed an increase in PUFAs within PC and PE classes. This pattern is 397 

consistent with findings in endothelial and cancer cells treated with ACC inhibitors, in which 398 

similar shifts in lipid composition have been linked to decreased membrane fluidity and 399 

integrity.27-29 PUFA influence on plasma membrane organization has also been demonstrated 400 

in platelets.1, 54 Moreover, PUFAs participate in thrombo-inflammatory signaling pathways.55 401 

Indeed, AA, DHA, and EPA serve as precursors for inflammatory lipid mediators. Thus, the 402 

up-regulation of PUFA-containing PC and PE in ACC1 pKO platelets is susceptible to 403 

influence thrombo-inflammatory responses, further highlighting the impact of ACC1 404 

deficiency on platelet functions. Furthermore, ACC1 deficiency altered platelet sphingolipid 405 

content, primarily sphingomyelin (SM) and ceramide (CER), which together account for about 406 

10-13% of the total dehydrated platelet mass.56 Increased CER levels, while not directly 407 

impacting hemostasis or thrombosis, have been associated with pro-inflammatory cytokine 408 

secretion and enhanced P-selectin-mediated platelet-leukocyte aggregation.57 Elevated CER 409 

levels in ACC1-deficient platelets might therefore contribute to a more inflammatory platelet 410 

profile, further supporting the role of ACC1 in modulating platelet-mediated inflammation. 411 

Beyond lipid signaling, glycolysis is increasingly recognized as critical for platelet activation. 412 

Targeting metabolic enzymes such as pyruvate dehydrogenase kinases and pyruvate kinase 413 

M2 inhibits platelet activation and thrombosis by reducing aerobic glycolysis.58-60 Our results 414 

suggest glycolytic impairment in ACC1-deficient platelets, both in basal and activated 415 

conditions, although the exact mechanism remains unclear. Interestingly, studies in yeast, 416 

liver cells, and cancer cells showed that ACC1 deficiency leads to protein hyperacetylation, 417 

including of histones, cytoskeletal, and metabolic proteins.58-60 In line with this, our previous 418 
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work demonstrated that pharmacological ACC inhibition limits α-tubulin deacetylation upon 419 

thrombin stimulation, impairing platelet aggregation.23 Future research should explore 420 

whether ACC1 deficiency affects glycolytic enzyme acetylation in platelets, with possible 421 

impacts on enzymatic activity and energy metabolism.  422 

Regarding mitochondrial bioenergetics, ACC1 pKO platelets displayed unchanged basal and 423 

ATP-linked mitochondrial respiration but enhanced respiratory reserve capacity upon 424 

activation. This coincided with reduced PS exposure and protection against arterial 425 

thrombosis without impairing hemostasis. Notably, a similar phenotype occurs in 14-3-3ζ-426 

deficient platelets61, suggesting a shared mechanism. Although the link between ACC1 and 427 

respiratory reserve remains unclear, the enhancement may result from (i) increased 428 

endogenous substrate availability due to altered lipid metabolism, which may fuel the 429 

respiratory chain more effectively, and/or (ii) mitochondrial remodeling, involving specific 430 

phospholipids.  It is well established that specific phospholipids are essential for 431 

mitochondrial function.62, 63 For example, cardiolipin supports respiratory reserve in various 432 

cells by stabilizing the electron transport chain and optimizing electron flux under high-energy 433 

demands.64, 65 Exploring a potential ACC1-cardiolipin interaction could offer insights into how 434 

ACC1 regulates platelet bioenergetics, procoagulant activity, and thrombosis. Finally, the 435 

enhanced respiratory capacity may also reflect a metabolic shift compensating for impaired 436 

lipogenesis. Platelets could rely more on glucose oxidation, CD36-mediated fatty acid 437 

uptake, or amino acid catabolism to sustain mitochondrial function, an area warranting future 438 

investigation through metabolic flux analysis. 439 

In conclusion, our study highlights the critical role of ACC1 in platelet function through the 440 

regulation of specific phospholipid pools required for membrane architecture, activation, and 441 

energy metabolism. We demonstrate that ACC1 is a key regulator of thrombosis while 442 

maintaining baseline platelet reactivity which is essential for hemostasis. These findings 443 

provide a conceptual advance in understanding the physiological relevance of platelet ACC1 444 

and establish this metabolic enzyme as a promising target for anti-thrombotic therapies. 445 

 446 
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Figure legends 643 

Figure 1. Characterization of ACC1flx/flx, GPIbα-Cre+/-, and ACC1 pKO mice. (A) Washed 644 

murine platelets or leukocytes were lysed and subjected to western blot analysis for ACC1 645 

and ACC2 expression. Liver extract was used as positive control for ACC2. GAPDH served 646 

as loading control for platelet, leukocyte, and liver samples. (B and C) Platelet counts and 647 

mean platelet volumes (MPV) were determined by Cell-Dyn Emerald Hematology Analyzer 648 

(Abbott) in a single measurement conducted during the usage period of mice (8–16 weeks 649 

old). Data are expressed as mean±SEM (n=at least 27). #p≤0.0001 relative to ACC1flx/flx mice, 650 

$p≤0.0001 relative to GPIbα-Cre+/- mice, and §p≤0.0001 between ACC1flx/flx and GPIbα-Cre+/- 651 

mice. One-way ANOVA was used for data analysis. (D) Alexa488-GPIbβ antibody was 652 

injected into ACC1flx/flx, GPIbα-Cre+/-, and ACC1 pKO mice to analyze platelet lifespan. Blood 653 

samples were collected on the day of the injection (day 0), as well as on days 3 and 5 post-654 

injection. Platelets were stained ex vivo with PE-conjugated anti-CD41 antibody, and the 655 

percentage of Alexa488⁺ platelets among total CD41⁺ platelets was quantified by flow 656 

cytometry. Data are expressed as mean±SEM (n=at least 3). #p≤0.05 relative to ACC1flx/flx 657 

mice, $p≤0.01 relative to GPIbα-Cre+/- mice. Data were subjected to two-way ANOVA 658 

analysis. (E) Platelet surface expression of αIIbβ3, GPIbα, and GPVI was measured by flow 659 

cytometry and normalized to mean platelet volume (MPV). Data are expressed as median 660 

fluorescence intensity (MFI) adjusted to MPV (fL)±SEM (n=at least 8). #p≤0.05 relative to 661 

ACC1flx/flx mice, $p≤0.01 relative to GPIbα-Cre+/- mice, and §p≤0.01 between ACC1flx/flx and 662 

GPIbα-Cre+/- mice. Data were subjected to one-way ANOVA analysis. Abbreviation: GADPH 663 

= glyceraldehyde 3-phosphate dehydrogenase. 664 

Figure 2. Lipidomic analysis revealed changes in lipid profiles of ACC1 pKO platelets. 665 

Lipid extraction was performed on washed murine platelets from six samples for one 666 

genotype, each sample consisting of platelets pooled from two or three mice of the same 667 

genotype. (A) Platelet lipidome overview of ACC1 pKO, and ACC1flx/flx, and GPIbα-Cre+/- 668 

controls by principal component analysis (PCA). The colors and symbols distinguish the 669 
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three genotypes. The first and second dimensions with their associated percentage of 670 

explained variance are displayed on the x- and y-axes, respectively. (B-F) Lipidomic analysis 671 

comparing ACC1 pKO and ACC1flx/flx platelets. (B) Box and scatter plot representations of the 672 

modulation (log2FC) of 446 identified lipid species categorized into five (sub)classes, each 673 

represented by a distinct color (red-FA; orange-GL; yellow-PL; green-SL; and blue-ST). Lipid 674 

species are represented as black or grey dots based on their statistical significance (black 675 

dots representing a significant adjusted p-value, FDR≤0.05, while grey dots correspond to 676 

FDR≥0.05). Lipids above the horizontal dotted line are up-regulated, while lipids below are 677 

down-regulated. Log fold-changes (FC) and FDR were calculated from the multivariate 678 

regression model. (C-E) Dot plots displaying the length and unsaturation levels of the two 679 

fatty acyl chains from PC (C), PE (D), and PEP (E). Color bars indicate the log fold-change 680 

from red (up-regulation) to blue (down-regulation). The adjusted p-value is represented by 681 

the circle diameter (the largest circle corresponds to FDR≤0.05). (F) Forest plot of AA-682 

containing PC, PE, and PEP comparing ACC1flx/flx and ACC1 pKO mice. Data are presented 683 

as log fold-change (squares) relative to ACC1flx/flx platelets. (G) Radar plot showing the 684 

relative intensity of PC, PE, and PEP containing the 20:4 fatty acyl chains. The dark grey 685 

area corresponds to ACC1flx/flx mice, while the orange area corresponds to ACC1 pKO mice. 686 

Abbreviations: AA = arachidonic acid; CE = cholesterol ester; CER = ceramide; DG = 687 

diacylglycerol; FA = fatty acid; GL = glycerolipid ; HCER = hydroxyceramide; LPC = 688 

lysophosphatidylcholine; LPE = lysophosphatidylethanolamine; PA = phosphatidic acid; PC = 689 

phosphatidylcholine; PE = phosphatidylethanolamine; PEP = phosphatidylethanolamine 690 

plasmalogen; PG = phosphatidylglycerol; PI = phosphatidylinositol; PL = phospholipid; PS = 691 

phosphatidylserine; SL = sphingolipid; SM = sphingomyelin; ST = sterol; TG = triacylglycerol. 692 

Figure 3. ACC1 deficiency in platelets had an impact on both mitochondrial reserve 693 

capacity and glycolytic activity. Oxygen consumption rates (OCR) was measured in 694 

washed murine platelets from ACC1flx/flx or pKO mice. (A-B) OCR was assessed under basal 695 

conditions, after stimulation with 1U/mL thrombin (Thr), and following sequential treatment 696 
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with 1µM oligomycin (O), 0.4µM carbonyl cyanide p-trifluoromethoxyphenylhydrazone (F), 697 

and a mix of 1µM antimycin A (AtA)/rotenone (R). (A) Representative OCR profiles are 698 

shown as mean±SEM (n=4). (B) Quantification of mitochondrial respiratory parameters 699 

including basal (baseline OCR – R/AtA sensitive OCR), thrombin (thrombin response - 700 

baseline OCR), ATP-linked (thrombin response - oligomycin sensitive OCR), maximal (FCCP 701 

sensitive – R/AtA sensitive OCR), reserve capacity (FCCP sensitive - thrombin responsive 702 

OCR), proton leak (oligomycin sensitive – R/AtA sensitive OCR), and non-mitochondrial 703 

(R/AtA sensitive OCR). Results are expressed as mean±SEM (n=4). (C-D) Extracellular 704 

acidification rate (ECAR), used as an indirect indicator of glycolytic activity, was measured in 705 

the same experimental conditions. (C) Representative ECAR profiles are shown as 706 

mean±SEM (n=4). (D) Quantification of basal and thrombin-induced ECAR. Results are 707 

expressed as mean±SEM (n=4). *p≤0.05 relative to unstimulated conditions. #p≤0.05 relative 708 

to ACC1flx/flx mice. Statistical analysis was performed using two-way ANOVA. Abbreviation: 709 

NS = non-stimulated. 710 

Figure 4. ACC1 pKO platelets displayed reduced TxA2 generation, dense granule 711 

secretion, and aggregation upon agonist stimulation. (A-G) Washed murine platelets 712 

from ACC1 floxed or pKO mice were stimulated with various thrombin (Thr) or collagen-713 

related peptide (CRP) concentrations. (A) Platelets were stimulated with 100mU/mL Thr or 714 

0.3µg/mL CRP for 5min, and TxB2 was measured in the supernatant using an ELISA kit. 715 

Aspirin-treated platelets were included as a positive control for TxB2 generation inhibition in 716 

the CRP condition. Data are expressed as mean±SEM (n=4). *p≤0.05 relative to 717 

unstimulated conditions. #p≤0.05 relative to ACC1flx/flx mice. Data were analyzed via two-way 718 

ANOVA. (B) Aggregation was analyzed by turbidimetry (Chrono-Log). Data are expressed as 719 

mean±SEM (n=at least 4). *p≤0.05 relative to the first agonist concentration. #p≤0.05 relative 720 

to ACC1flx/flx mice. Two-way ANOVA was used for analysis. (C) Aggregation profiles are 721 

shown. (D) Activated αIIbβ3 (JON/A) and (E) p-selectin (CD62P) exposure was detected by 722 

flow cytometry. Data are expressed as fold change±SEM (n=4) and mean±SEM (n=4) 723 
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respectively. *p≤0.05 relative to unstimulated conditions. #p≤0.05 relative to ACC1flx/flx mice. 724 

Two-way ANOVA was used for analysis. (F) Dense granule secretion was assessed via 725 

addition of luciferase-luciferin reagent (Chrono-log). Data are expressed as mean±SEM (n=at 726 

least 3). *p≤0.05 relative to the first agonist concentration. #p≤0.05 relative to ACC1flx/flx mice. 727 

Two-way ANOVA was used for analysis. (G) Profiles are shown. 728 

Figure 5. Platelet-specific ACC1 deletion affects platelet spreading and actin 729 

cytoskeleton organization upon CRP stimulation. (A-E) Washed murine platelets were 730 

stimulated with or without CRP 0.3µg/mL for 30min. Platelets were stained with phalloidin-731 

FITC for 45min at room temperature. (A) Panel of representative pictures. Scale bar, 5µm. 732 

(B,C) Quantification of the mean surface area covered by (B) unstimulated or (C) CRP-733 

stimulated platelets independently of the platelet morphology. Data are expressed as 734 

mean±SEM (n=4). #p≤0.05 relative to ACC1flx/flx mice. Data underwent one-way ANOVA. 735 

(D,E) Proportion of the surface aera covered by (D) unstimulated or (E) CRP-stimulated 736 

platelets, being inactivated (discoid), extending filopodia, forming lamellipodia or fully spread 737 

after activation. Data are expressed as means ± SEM (n=4). #p≤0.05 relative to ACC1flx/flx 738 

mice. $p≤0.05 relative to GPIbCre+/- mice. Data underwent two-way ANOVA. 739 

Figure 6. ACC1 deficiency in platelets impaired their activation and thrombus 740 

formation under flow conditions. (A-G) Whole blood from ACC1flx/flx, GPIbα-Cre+/- and 741 

ACC1 pKO mice was perfused over collagen I-coated surface (50µg/mL) at a shear rate of 742 

1,000s-1. (A) Representative images of multilayered platelet thrombi (brightfield = BF), and 743 

activated αIIbβ3, CD62P, and phosphatidylserine (PS) stainings. (B-D) Platelet deposition, 744 

thrombus formation and contraction score were assessed on brightfield (BF) images. (E) 745 

αIIbβ3 activation was evaluated using JON/A Ab, (F) P-selectin exposure was evaluated via 746 

staining with anti-CD62P antibody, and (G) PS exposure was determined using annexin V. 747 

The results are expressed as mean±SEM (at least four mice/group). #p≤0.05 relative to 748 

ACC1flx/flx mice. $p≤0.05 relative to GPIbα-Cre+/- mice. One-way ANOVA was used for 749 

analysis. 750 
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Figure 7. ACC1 pKO mice exhibited reduced arterial thrombosis while maintaining 751 

normal hemostasis. (A) Tail bleeding times of ACC1flx/flx, GP1bCre+/-, and ACC1 pKO mice 752 

in saline solution preheated at 37°C. Results are expressed as mean±SEM (n=at least 23). 753 

Data were analyzed via one-way ANOVA. (B-D) Mice were subjected to thrombosis induced 754 

in vivo by FeCl3 application to the carotid artery (10% of FeCl3 during 5 minutes). Thrombus 755 

formation was visualized using intravital microscopy analyzing exogenous platelet 756 

accumulation stained with carboxyfluorescein succinimidyl ester (CFSE). (B and C) 757 

Thrombus growth area quantification over time. Data are expressed as mean±SEM (n=at 758 

least six). #p≤0.05 relative to ACC1flx/flx mice. Data were analyzed using unpaired t-test 759 

comparing AUC. (D) Representative pictures of thrombus formation over time (1, 5, 9, 15, 760 

and 19 minutes) after FeCl3 injury. 761 
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