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Abstract Activation of BAT (brown adipose tissue) can inhibit solid tumor growth, but its effect on nor-
mal or abnormal hematopoietic cells remains unclear. Therefore, in this study, the 3-adrenergic receptor agonist

mirabegron was used to activate BAT in wild-type and leukemia mice, and the effects on normal hematopoietic cells
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and leukemia cells were observed and analyzed. The proportion of leukemia cells in bone marrow, spleen, liver,
and peripheral blood of mice treated with mirabegron and control mice was analyzed at various time points. The
proportion, number, cell cycle, apoptosis and colony formation ability of HS/PCs (hematopoietic stem/progenitor
cells) and mature hematopoietic cells in the bone marrow of leukemia mice were analyzed. The activation degree
of adipose tissue was verified. The role of BAT activation by mirabegron in leukemia was examined by surgical
removal of BAT. The results showed that mirabegron treatment significantly activated BAT, reduced the proportion
of leukemia cells in the bone marrow, spleen, liver and peripheral blood of acute leukemia mice, and prolonged the
survival time. Mirabegron treatment had no significant effect on the proportion and number of mature immune cells
and HS/PCs in the bone marrow of normal C57 mice, but in the leukemia mice, the proportion and absolute number
of various mature immune cells in the bone marrow of the treatment group were significantly higher than those of
the control group, the proportion and absolute number of HS/PCs in the bone marrow of the treatment group were
significantly increased, the apoptosis of the cells was decreased, and the ability of colony formation was enhanced.
Surgical removal of BAT blocked mirabegron-mediated anti-leukemic effects. Overall, these findings demonstrate
that pretreatment with mirabegron can activate brown adipose tissue, suppress the proliferation of leukemia cells,
enhance the proliferation, differentiation, and survival of normal hematopoietic stem/progenitor cells in leukemia
mice, and extend the lifespan of mice. This offers a novel approach for future clinical management of leukemia.

Keywords  hematopoietic stem/progenitor cells; brown adipose tissue; mirabegron; energy metabolism; leukemia
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Table 1 Primer sequences

B SRS il

Gene name Sequence

Ucpl Forward: 5'-AGG CTT CCA GTA CCA TTA GGT-3'
Reverse: 5'-CTG AGT GAG GCAAAG CTG ATT T-3'

Cidea Forward: 5'-TGA CAT TCA TGG GAT TGC AGA C-3'
Reverse: 5'-GGC CAG TTG TGA TGA CTA AGA C-3'

Pgcl-a Forward: 5'-TAT GGA GTG ACA TAG AGT GTG CT-3’
Reverse: 5-CCA CTT CAA TCC ACC CAG AAA G-3'

Prdml6 Forward: 5'-CCA AGG CAA GGG CGA AGA A-3'
Reverse: 5'-AGT CTG GTG GGATTG GAA TGT-3'

Glutl Forward: 5'-ACC AAA AGC AAC GGA GAA GAG-3'
Reverse: 5-GGC ATT CCG AAA CAG GTAACT C-3'

Glut4 Forward: 5'-GTG ACT GGA ACA CTG GTC CTA-3’
Reverse:5'-CCA GCC ACG TTG CAT TGT AG-3'

Bpgm Forward: 5'-GGA CCA GAA ACT TAA CAA CGA CG-3'
Reverse: 5-CAG GCT GTG TGA ATG GAC CT-3'

Pgam?2 Forward: 5'- TGG AAC CAA GAG AAC CGT TTC-3'
Reverse: 5'-TGG CAT CTT TGA TAG CGG TGG-3'

Gcekl Forward: 5'-TGA GCC GGA TGC AGA AGG A-3'
Reverse: 5'-GCAACA TCT TTA CAC TGG CCT-3’

Pgaml Forward: 5'-AGC GAC ACT ATG GCG GTC T-3'
Reverse: 5-TGG GAC ATC ATA AGA TCG TCT CC-3'

Pfkp Forward: 5'-GAA ACA TGA GGC GTT CTG TGT-3'
Reverse: 5'-CCC GGC ACATTG TTG GAG A-3'

Pkm Forward: 5'-GCC GCC TGG ACA TTG ACT C-3'
Reverse: 5'-CCA TGA GAG AAATTC AGC CGA G-3'

Pfkm Forward: 5'-TGT GGT CCG AGT TGG TAT CTT-3'
Reverse: 5'-GCA CTT CCA ATC ACT GTG CC-3'

Pfkl Forward: 5'-GGA GGC GAG AAC ATC AAG CC-3'
Reverse: 5'-CGG CCT TCC CTC GTA GTG A-3'

Hkl Forward: 5'-CGG AAT GGG GAG CCT TTG G-3'
Reverse: 5'-GCC TTC CTT ATC CGT TTC AAT GG-3'

Hk2 Forward: 5'-TGA TCG CCT GCT TAT TCA CGG-3'
Reverse: 5-AAC CGC CTA GAA ATC TCC AGA-3'

Hk3 Forward: 5'-CAG GGG ACC TAC AGG ATT GAT-3’

Reverse: 5-GAG CAT CTT CGT CAT AGA AGG AG-3'
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A: schematic diagram of experimental design for testing leukemia preventive effects of mirabegron. B: survival of leukemic mice. C: liver, spleen, fe-

mur, neck bone, iWAT, iWAT and iBAT of control and treated leukemic mice. D: proportion of GFP" cells in bone marrow, liver, spleen, and peripheral

blood of leukemia mice on days 0, 7, 14, and 21 of modeling. E: H&E staining of bone marrow, liver, and spleen of leukemia mice on day 14 of model-

ing. Arrows indicate areas of leukemia cells. *P<0.05, ***P<0.001.

Bl R DUEHH B MmE & % & RHAEK MR E R

Fig.1 Mirabegron inhibits the development and progression of leukemia and prolongs the survival of mice
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A: the percentages of granulocytes (G), monocytes (M), T cells (T), and B cells (B) in bone marrow, spleen, and peripheral blood of normal C57

mice were determined by flow cytometry. B: absolute numbers of granulocytes, monocytes, T cells and B cells in bone marrow, spleen and peripheral

blood of normal C57 mice. C: percentages of granulocytes, monocytes, T cells, and B cells in bone marrow, spleen, and peripheral blood of leukemic
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E2 KA DUESTE B B MRS T B S 2 4 AR A #2AT

Fig.2 Effect of mirabegron on mature immune cells in physiological and leukemic states
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A: the percentages and absolute numbers of LT-HSC, ST-HSC, MPP, GMP, CMP, MEP, and CLP in the bone marrow of normal C57 mice were deter-
mined by flow cytometry. B: percentage and absolute numbers of LT-HSC, ST-HSC, MPP, GMP, CMP, MEP, and CLP in bone marrow of leukemic
mice. C: cell cycle of LK and LSK cells in bone marrow of leukemic mice. D: apoptosis of LK cells in the bone marrow of leukemic mice. E: ten thou-

sand LSK cells from leukemic mice were cultured in M3434 medium for seven days, and clone size and number were counted. Arrows indicate single-

cell clones. *P<0.05, **P<0.01, ***P<0.001.
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Fig.3 Effect of mirabegron on murine bone marrow hematopoietic stem/progenitor cells in physiological and leukemic states
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A: H&E and immunofluorescence staining of iWAT, eWAT, and iBAT of leukemic mice in control and treatment groups. B: expression of genes related

to browning in iWAT, eWAT, and iBAT of leukemia mice in control and treatment groups. C: UCP1 protein expression in iWAT, eWAT, and iBAT of

leukemia mice in control and treatment groups. D: proportion of GFP" cells in bone marrow, liver, spleen, and peripheral blood of leukemia mice in

control and treatment groups after BAT removal. E: heat maps of expression of glycolysis-related genes in iBAT and LSK cells of leukemic mice in

control and treatment groups. *P<0.05, ***P<0.001.
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Fig.4 Mirabegron inhibits leukemia by altering systemic metabolism
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