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Loss of nuclear myosin 1 causes hemostatic defects and 
immune dysregulation

The role of cellular metabolism in maintaining stem cell 
pluripotency and differentiation has been receiving more 
attention due to a direct link between metabolic state and 
the differentiation potential of cells. We showed previously 
that Nuclear myosin 1 (NM1) deletion leads to a metabolic 
switch from oxidative phosphorylation to aerobic glycolysis. 
Therefore, we asked if NM1 contributes to the cell differen-
tiation of hematopoietic progenitor stem cells to terminal 
blood cells. By using NM1 wild-type (WT), knock-out (KO), 
and NM1-rescued (KO+NM1) mouse embryonic fibroblasts 
(MEF), as well as NM1 WT and KO mice, we found that NM1 
deletion alters hematopoiesis-related metabolites and 
differentially regulates genes involved in platelet activa-
tion and immune response. NM1 KO mice show decreased 
erythropoiesis and thrombopoiesis, resulting in impaired 
hemostasis. In line with enhanced glycolysis, platelet acti-
vation is up-regulated in NM1 KO bone marrow and blood. 
Meanwhile, innate immune responses, requiring oxidative 
phosphorylation for differentiation, are suppressed. In the 
spleen, innate immune genes are also down-regulated, 
while adaptive immune genes, especially those linked to 
T-cell activation and regulatory T-cell differentiation, are 
up-regulated, consistent with their reliance on glycolysis. 
Nuclear myosin 1 (NM1) has been shown to directly reg-
ulate gene expression by binding to the chromatin at the 
transcription start site, forming a complex with actin and 
the polymerase machinery, and later anchoring chromatin 
remodeling complex B-WICH,1,2 and histone-acetyl- and 
histone-methyl-transferases PCAF and Set1 to acetylate 
and methylate surrounding histones for active transcription. 
Recently, we showed that NM1 is part of the nutrient-sensing 
PI3K/Akt/mTOR pathway, forming a positive feedback loop 
with mTOR. NM1 deletion leads to a suppression of mito-
chondrial transcription factors TFAM and PGC1α, negatively 
regulating mitochondrial oxidative phosphorylation and 
leading to metabolic reprogramming towards the aerobic 
glycolysis associated with cancer cells.3

Since NM1 regulates cellular metabolism, we investigated 
whether its deletion affects pluripotent stem cell differen-
tiation and the function of metabolically dynamic somatic 
cells. Here, we used hematopoiesis as a model as hemato-
poietic stem cells (HSC) depend on glycolysis and switch 
to oxidative phosphorylation during differentiation, while 
mature blood cells adopt cell-specific metabolic programs. 
For example, erythrocytes lack mitochondria and rely solely 
on glycolysis,4 lymphocytes use oxidative phosphorylation 
in their quiescent state and switch to glycolytic metabolism 
only upon activation,5 and platelets use both pathways but 
depend on aerobic glycolysis during activation.6,7

We performed liquid chromatography-high-resolution mass 
spectrometry followed by gene set enrichment analysis 
(GSEA) on cellular extracts from WT and NM1 KO MEF to 
identify specific metabolites affected by the deletion of 
NM1. We observed that 5-methylthioadenosine (MTA) (Online 
Supplementary Figure S1A) and adenosine monophosphate 
(AMP) with flavin mononucleotide (FMN) (Online Supple-
mentary Figure S1B) significantly changed in NM1 KO cells. 
MTA, a derivative of adenosine, is a key component of the 
methionine salvage pathway, inhibiting platelet aggregation 
via increase of intracellular cyclic adenosine monophos-
phate (cAMP),8,9 and AMP and FMN were shown to alter 
platelet activation through cAMP and calcium signaling.10,11 
Given the role of platelet activation in immune responses 
and inflammation, we investigated whether NM1 expression 
affects cytokine and chemokine production. Most tested 
cytokine and chemokine levels were altered in NM1 KO cells 
and at least partially restored in KO+NM1 cells, suggest-
ing a role for NM1 in immune system functionality. Except 
for IL-1β and IL-11, all other cytokines tested (IL-1α, IL-3, 
IFN-β, IL-12p40, IL-23, IL-7, IL-33, GM-CSF, IL-12p70, IL-27, 
and TSLP) were suppressed in NM1 KO cells and restored 
in KO+NM1 cells (Figure 1A). Several chemokines (RANTES, 
Eotaxin, MCP-1, MIP-1β, BLC) followed the same suppres-
sion / restoration trend. MIP-3α and KC were elevated in 
NM1 KO cells, while IP-10, MIP-1α, and LIX were unchanged 
in the KO but increased upon NM1 rescue. TARC and MDC 
were down-regulated in KO cells but not rescued by NM1 
reintroduction (Figure 1B). To develop this further, NM1 WT 
and NM1 KO mice were used for the subsequent analyses. 
All animal experiments were performed after approval by 
the New York University Abu Dhabi Institutional Animal 
Care and Use Committee (Protocol 20-0004, 23-0009). 
Measurement of cytokine and chemokine levels in the 
blood serum shows high variability between samples, and 
even though there are obvious differences between NM1 
WT and KO conditions, the data are mostly not statistically 
significant (Online Supplementary Figure S1C, D). Next, we 
isolated RNA from bone marrow, spleen, and peripheral 
blood of WT and NM1 KO mice for deep sequencing and dis-
covered a significant differential gene expression between 
samples across all tissues (Online Supplementary Figure 
S2A). The most expression changes are tissue-specific, 
with limited overlap (Online Supplementary Figure S2B), 
suggesting that some effects of NM1 deletion persist from 
early hematopoiesis in bone marrow to mature blood cells, 
while others are shaped by tissue-specific environments 
or metabolic demands. In agreement, gene ontology (GO) 
analysis of differentially expressed genes shows overlap 
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Figure 1. NM1 deletion leads to changes in cytokine/chemokine profile. (A) List of analyzed cytokines in NM1 wild-type (WT), NM1 
knockout (KO) and rescued NM1 KO+NM1 cells. (B) List of analyzed chemokines in NM1 WT, NM1 KO, and rescued NM1 KO+NM1 
cells. NS=P>0.05, *P≤0.05, **P≤0.001, ***P≤0.001, ****P≤0.0001.
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in biological processes and pathways affected by NM1 
deletion between tissues. In bone marrow, the site of he-
matopoietic differentiation, key affected pathways include 
cell adhesion, immune processes, platelet activation, and 
coagulation (Figure 2A). In blood, GO analysis revealed 
enrichment in coagulation, hemostasis, and cytoskeleton 
remodeling (Figure 2B), and in spleen, GO analysis indicated 
the most significantly dysregulated pathways to include 
those related to cell cycle, immunoglobulin production, and 
immunoglobulin-mediated immune responses (Figure 2C).
We next analyzed genes linked to hematopoietic differen-
tiation, platelet activation, and coagulation using STRING 
analysis, which revealed two main clusters (Online Supple-
mentary Figure S2C): Cluster I, genes involved in platelet 

activation and coagulation (e.g., Col1a1, Col1a2, Vwf, GP5, 
GP9, Gp1ba, Gp1bb, Itgb3, Itga2b, Pf4, Mmrn1, Cd9, Serpine2, 
Serping1, Thbd, Tfpi, G6b, F2Rl3, F2Rl2, Pros1), and Cluster 
II, genes involved in signaling (Mapk13, Mapk3, Src, Mertk, 
Ptprj, Kitl, Axl, Gas6, Adyc6, Adyc5, Il1A, Gnas, P2Ry1, Gucy1a3, 
Gucy1b3). Importantly, a majority of differentially expressed 
genes related to “Platelet activation”, “Hematopoietic cell 
lineage”, and “Blood coagulation” are up-regulated in NM1 
KO bone marrow (Figure 3A). Similarly, although only ap-
proximately 300 genes were differentially expressed in 
peripheral blood, most were up-regulated, with “Blood 
coagulation” and “Platelet activation” genes being the most 
prominent (Figure 3B). Several key genes, including Vwf, 
F2rl2, Serpine2, Pros1, G6b, platelet glycoproteins (Gp1bb, 

Figure 2. NM1 deletion leads to changes of gene expression in hematopoietic tissues. (A) Gene ontology analysis based on all 
differentially expressed genes between experimental conditions in bone marrow shows biological process-, cellular component-, 
and KEGG pathway-associated gene ontology terms plotted in descending order based on their significance. (B) Gene ontology 
analysis based on all differentially expressed genes between experimental conditions in blood shows biological process-, cellu-
lar component-, and KEGG pathway-associated gene ontology terms plotted in descending order based on their significance. (C) 
Gene ontology analysis based on all differentially expressed genes between experimental conditions in the spleen shows biolog-
ical process-, cellular component-, and KEGG pathway-associated gene ontology terms plotted in descending order based on 
their significance. adj.: adjusted.
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Gp5, Gp9, Gp1ba), integrins (Itga2b, Itgb3, Itgb1), and oth-
er factors like Gp6, F5, F10, F13a, Ptgs1, Fermt3, Anxa5, 
Rasgrp2, Rap1b, Rasgrp1, Actb, Actg1, Mylk were differentially 
expressed in blood samples (Figure 3B). Given the critical 
role of platelet activation in peripheral vascular injury and 
hemostasis, we measured bleeding time in WT and KO 
mice (Figure 3C). Despite upregulation of platelet activa-
tion genes, NM1 KO mice exhibited significantly prolonged 
bleeding time, indicating impaired clotting efficiency (Figure 

3D). Complete blood count analysis revealed significantly 
reduced platelet counts, decreased red blood cell count, 
reduced hematocrit and hemoglobin, and increased mean 
corpuscular volume, consistent with prior findings12 while 
white blood cell counts remained unchanged in KO mice 
(Figure 3E). 
Following the abundance of GO terms associated with the 
immune system in bone marrow and spleen, we analyzed 
genes related to the immune response process in bone 

Figure 3. NM1 deficiency leads to hematopoiesis differentiation and hemostasis defects in mice. (A)  Heatmap of all differentially 
expressed genes between NM1 wild-type (WT) and knockout (KO) bone marrow samples associated with “Platelet activation” gene 
ontology terms used in String analysis. (B) Heatmap of all differentially expressed genes between NM1 WT and KO blood samples 
associated with the GO terms “Blood coagulation” and “Platelet activation”. (C) Schematic diagram illustrating the experimental 
procedure, where mice undergo a tail cut for bleeding time (BT) measurement. Following this, whole blood is collected via cardi-
ac puncture for subsequent complete blood count analysis. (Created with BioRender.com) (D) BT analysis between NM1 WT and 
KO mice. (N=5 WT, 9 KO) The two-tailed Mann-Whitney U test was used for statistical analysis. *P≤0.05. (E) Complete blood count 
profiles in WT and NM1 KO mice. Violin plots show platelet count (PTL), white blood cell count (WBC), red blood cell count (RBC), 
hematocrit (HCT), hemoglobin (HGB), and mean corpuscular volume of red blood cells (MCV) for both groups (N=3 WT, 4 KO). The 
two-tailed Mann-Whitney U test was used for statistical analysis. *P≤0.05, **P≤0.001, ***P≤0.001, ****P≤0.0001. S: seconds.
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marrow (Online Supplementary Figure S3A). The affected 
genes are involved in the innate immune response and 
antiviral defense (Ifitm1, Ifitm3, Serinc5, Oas2, Oas3, Zbp1, 
Nlrp1a, Nlrp1b, and Samhd1), with Ifn7 (interferon regula-
tory factor 7) and Mavs (mitochondrial antiviral signaling 
protein) being the most important.  The second group 
contains genes involved in intracellular signaling and im-
mune regulation (Src, Axl, Cd4, Hck, Prkcq, Jak3, Tyrobp, 
Tnfaip8l2, Pirb, Cd300ld, and Lst1), and the third is related 
to the immune complement system (Cfd, C1s1, C1qc, C1rl-
Serping1, and Fcna). Although transcriptomic changes in 
immune system process genes are less pronounced than 
for platelet activation genes, a heatmap shows that most 
are down-regulated in NM1 KO bone marrow (Online Sup-
plementary Figure S3A).
Since many immune cells reside and activate in secondary 
lymphoid organs, we next analyzed spleen tissues from 
NM1 WT and KO mice. In contrast to bone marrow, immune 
system-related genes in the NM1 KO spleen tissue are pre-
dominantly up-regulated, with many genes being variable 
or constant segments of immunoglobulin heavy and light 
chains, which do not have any intrinsic function (Online 
Supplementary Figure S3B). We then generated expression 
heatmaps based on the role in innate or adaptive immunity. 
The innate immune cluster contains Irf7, Eif2ak2, Herc6, 
Oas3, Rsad2, Isg20, Serinc, Ikbke, Traf4, TifaRiok3, Ilrun, 
Mfhas1, Zcchc3, Ccl8, Mst1r, F2rl1, Slamf7, Mcoln2, Akirin2, 
Tnfrsf14, Cd24a, Prdm1, Zap70, Jak3 genes (Online Supple-
mentary Figure S3C). The adaptive immune gene cluster 
consists of genes regulating B- and T-cell function, with 
most genes associated with T-cell development, signaling 
and activation (Themis, Foxp3, Prdm1, Fas, Jak3, Sema4a, 
Cd4, Cd8a, Cd8b1, Cd247, Itk, C3, Ctla4, Alcam, Slamf7, 
Irf4, Zap70, Tnfsrf14) (Online Supplementary Figure S3D). 
Furthermore, expression patterns suggest expansion of 
subpopulations of Cd4+Foxp3+CD25+, Cd8+Foxp3+CD25+, 
CD8+CD122+PD-1+, and CD8+CTLA4+ regulatory T cells (Tregs).
Interestingly, while innate immune genes are generally 
down-regulated, with overlap between bone marrow and 
spleen, adaptive immune genes are largely up-regulated, 
implying a possible antagonistic role of NM1 in regulating 
innate versus adaptive immune responses. 
Taken together, transcriptomic and functional analyses 
reveal that NM1 contributes to global body homeostasis 
by regulating the differentiation and activity of specific 
hematopoietic cell types. We hypothesize that NM1 affects 
the destiny of these cells by transcriptional regulation of 
their metabolic status.

Authors

Tomas Venit,1,2 Samira Khalaji,3 Valentina Fambri,1,4 Wael Abdrobou,1,5 

Mei El Gindi,6 Rahul Shrestha,1 Pavel Hozak,2 Youssef Idaghdour,1,3 

Jeremy C.M. Teo6 and Piergiorgio Percipalle1,3,4

1Program in Biology, Division of Science and Mathematics, New York 

University Abu Dhabi (NYUAD), P.O. Box 129188, Abu Dhabi, United 

Arab Emirates; 2Laboratory of Biology of the Cell Nucleus, Institute 

of Molecular Genetics, Czech Academy of Sciences, Prague, Czech 

Republic; 3Center for Genomics and Systems Biology, New York 

University Abu Dhabi (NYUAD), P.O. Box 129188, Abu Dhabi, United 

Arab Emirates; Abu Dhabi University, College of Health Sciences, 

Abu Dhabi, United Arab Emirates; 4Department of Biology, New York 

University, New York, NY, USA; 5College of Health Sciences, Abu 

Dhabi University, Abu Dhabi, United Arab Emirates and 6Laboratory 

for Immuno Bioengineering Research and Applications Division of 

Engineering, New York University Abu Dhabi, Saadiyat Campus, P.O. 

Box 127788, Abu Dhabi, United Arab Emirates

Correspondence: 

P. PERCIPALLE - pp69@nyu.edu

https://doi.org/10.3324/haematol.2025.288392

Received: June 27, 2025.

Accepted: November 13, 2025.

Early view: November 20, 2025.

©2026 Ferrata Storti Foundation

Published under a CC BY-NC license 

Disclosures
No conflicts of interest to disclose.

Contributions
TV designed and performed the majority of experiments, analyzed 

the sequencing data, and wrote the manuscript together with PP; 

SK, VF and RS performed functional assays in mice; WA and YI 

analyzed the metabolomic data; MEG and JCMT performed cytokine 

assays; PH provided the NM1 KO mice and contributed to 

manuscript writing; PP supervised the research project, wrote the 

manuscript, and analyzed the data.

Acknowledgments
RNA sequencing was performed by the NYUAD CGSB Core at New 

York University Abu Dhabi, and Bioinformatics assistance was 

provided by the NYUAD Bioinformatics Core at New York University 

Abu Dhabi. We would like to thank Marc Arnoux for assistance with 

deep sequencing and Nizar Drou for assistance with the analysis. 

Funding
This work was supported by grants from New York University Abu 

Dhabi, by Tamkeen under the NYU Abu Dhabi Research Institute Award 

to the NYUAD Center for Genomics and Systems Biology (ADHPG-

CGSB), and by the Sheikh Hamdan Bin Rashid Al Maktoum Award for 

Medical Sciences (to PP). We also acknowledge the institutional 

support from the Institute of Molecular Genetics of the Czech 

Academy of Sciences (RVO: 68378050) and the Research Program 

Strategy AV21 Future of Assisted Reproduction (ART) (AV21-VP38/2025) 

provided by the Czech Academy of Sciences (to TV and PH).



Haematologica | 111 May 2026

1809

LETTER TO THE EDITOR

Data-sharing statement
All raw data are publicly available in open-source databases. Raw 

metabolomic data are publicly available in the Mendeley database 

(https://data.mendeley.com/preview/nxzs4dtztg?a=aecce665-2b58-

4a98-8328-b70d689c249a). RNA sequencing data were deposited in 

the Gene Expression Omnibus (GEO) repository under accession 

number GSE293993.

References

	 1.	Venit T, El Said NH, Mahmood SR, Percipalle P. A dynamic 
actin-dependent nucleoskeleton and cell identity. J Biochem. 
2021;169(3):243-257.

	 2.	Venit T, Mahmood SR, Endara-Coll M, Percipalle P. Nuclear actin 
and myosin in chromatin regulation and maintenance of 
genome integrity. Int Rev Cell Mol Biol. 2020;355:67-108.

	 3.	Venit T, Sapkota O, Abdrabou WS, et al. Positive regulation of 
oxidative phosphorylation by nuclear myosin 1 protects cells 
from metabolic reprogramming and tumorigenesis in mice. Nat 
Commun. 2023;14(1):6328.

	 4.	Zhang ZW, Cheng J, Xu F, et al. Red blood cell extrudes nucleus 
and mitochondria against oxidative stress. IUBMB Life. 
2011;63(7):560-565.

	 5.	Macintyre AN, Rathmell JC. Activated lymphocytes as a 
metabolic model for carcinogenesis. Cancer Metab. 2013;1(1):5.

	 6.	Kulkarni PP, Tiwari A, Singh N, et al. Aerobic glycolysis fuels 
platelet activation: small-molecule modulators of platelet 
metabolism as anti-thrombotic agents. Haematologica. 
2019;104(4):806-818.

	 7.	Aibibula M, Naseem KM, Sturmey RG. Glucose metabolism and 
metabolic flexibility in blood platelets. J Thromb Haemost. 
2018;16(11):2300-2314.

	 8.	Fuentes E, Pereira J, Mezzano D, Alarcon M, Caballero J, Palomo 
I. Inhibition of platelet activation and thrombus formation by 
adenosine and inosine: studies on their relative contribution 
and molecular modeling. PLoS One. 2014;9(11):e112741.

	 9.	Srinivasan S, Mir F, Huang JS, Khasawneh FT, Lam SC, Le 
Breton GC. The P2Y12 antagonists, 2-methylthioadenosine 
5’-monophosphate triethylammonium salt and cangrelor 
(ARC69931MX), can inhibit human platelet aggregation through 
a Gi-independent increase in cAMP levels. J Biol Chem. 
2009;284(24):16108-16117.

	 10.	Feijge MA, Ansink K, Vanschoonbeek K, Heemskerk JW. Control 
of platelet activation by cyclic AMP turnover and cyclic 
nucleotide phosphodiesterase type-3. Biochem Pharmacol. 
2004;67(8):1559-1567.

	 11.	Ryningen A, Olav Jensen B, Holmsen H. Elevation of cyclic AMP 
decreases phosphoinositide turnover and inhibits thrombin-
induced secretion in human platelets. Biochim Biophys Acta. 
1998;1394(2-3):235-248.

	 12.	Venit T, Dzijak R, Kalendova A, et al. Mouse nuclear myosin I 
knock-out shows interchangeability and redundancy of myosin 
isoforms in the cell nucleus. PLoS One. 2013;8(4):e61406.




