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Abstract 
 

Leukemia stem cell's (LSC) ability to self-renew and survive depends on the 

RNA-binding regulators known as Musashi proteins (MSI1 and MSI2). By 

stabilizing the mRNAs of key oncogenes like HOXA9 and MYC, MSI2 

encourages leukemia growth and treatment resistance, especially in acute 

myeloid leukemia (AML). On the other hand, MSI1 enhances Notch1 

signaling, which helps explain the traits of cancer stem cells in leukemia and 

solid tumors. Since dysregulation of these proteins is linked to recurrence, 

treatment resistance, and poor prognosis, they are crucial therapeutic targets. 

Preclinical research indicates that treatments targeting MSI proteins have 

potential results. Small-molecule inhibitors and RNA-based methods are 

being developed to disrupt MSI RNA connections, lowering LSC self-

renewal and enhancing chemotherapeutic responses. Inhibiting MSI2 can 

reduce key pathways such as β-catenin and STAT3, improving therapeutic 

success in AML. CRISPR-Cas9 technology has also shown promise in 

overcoming therapeutic resistance by deactivating MSI2. 
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Introduction 

Musashi-1 (MSI1) and Musashi-2 (MSI2) are mRNA-binding proteins that are currently 

recognized as important regulatory proteins in many biological processes related to cancer 

development, progression, and treatment resistance. [1] Musashi proteins, MSI1, and MSI2, 

are crucial in stem cell renewal and maintenance. [2] Musashi-2 (MSI2) acts on 

hematopoietic stem cells and leukemia stem cells via binding to the 3' untranslated regions 

of mRNAs that encode key stem cell regulators, among them MYC and HOXA9. Post-

transcription control improves the translation of those mRNAs favoring stem cell self-

renewal and growth. Overexpression of MSI2 in acute myeloid leukemia (AML) is 

associated with chemotherapy resistance and poor prognosis. Inhibition of MSI2 highlights 

its potential as a therapeutic target by reducing self-renewal in LSCs and making them more 

sensitive to chemotherapy. [3] Musashi-1 maintains the cancer stem cell properties by 

binding to the 3' UTR of Notch1 mRNA, thereby enhancing its stability and translation. 

This regulation of Notch signaling is important for the self-renewal and tumorigenic 

potential of GBM stem cells. Knockout of MSI1 decreases Notch1 expression, decreases 

tumor growth, and enables tumor sensitivity to radiation therapy. [4]   

Hematopoietic stem cell (HSC) activity and leukemogenesis both depend on MSI2—post-

transcriptional approaches to regulating core stem cell genes, such as MYC, and HOXA9. 

MSI2 has potential as a therapeutic target based on its overexpression in acute myeloid 

leukemia (AML), which induces treatment resistance and self-renewal. [5]  MSI1 is essential 

for maintaining HSC quiescence and self-renewal via post-transcriptionally regulating genes 

associated with stemness and cell cycle control. [6] 

 

Musashi Proteins in Stem Cell Biology of Cancer  

MSI1 and MSI2's Role in Cancer and Wild Stem Cells  

MSI2 is an important promoter of HSC self-renewal using post-transcriptional regulation 

of a handful of genes including HOXA9 and MYC. By repressing differentiation, it tips the 

balance between self-renewal and commitment to a lineage. Dysregulation by MSI2 could 

tip this balance toward leukemogenesis. [5] MSI1 and MSI2 are necessary concerning the 

maintenance of intestinal stem cells (ISCs) for regulating the translation of mRNAs 

involved in cell cycle progression and stemness. Their dysregulation disturbs ISC 

homeostasis and progresses into colon cancer. [7] The overexpression of these proteins in 
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various solid tumors like glioblastoma, seems to be implicated with poor prognosis and 

resistance to therapy. MSI1/MSI2 regulates mRNA stability and translation of important 

oncogenes such as those involved in the regulation of the cell cycle and inhibition of 

apoptosis. [8] MSI2 interacts with the major oncogenes in these tumors, boosting 

leukemogenesis and sustaining the self-renewal potential of leukemia stem cells (LSCs)[9] 

 

MSI Proteins as Leukemia Stem Cell (LSC) Regulators  

Recent research suggests that MSI2 is overexpressed in AML and contributes to 

leukemogenesis by regulating the self-renewal and differentiation of leukemia stem cells 

(LSCs).[10] MSI2 regulates the mRNA stability of key drug resistance genes, including 

BCR-ABL1. High MSI2 levels have been linked to poor TKI response and a worse 

prognosis in CML patients, making it an essential target for overcoming resistance.[11] 

MSI2 interacts with the mRNA targets of Notch and Wnt signaling pathways that are 

important for the survival of leukemia stem cells (LSCs).[12] MSIs, particularly MSI2, have 

been shown to influence CML differentiation from normal hematopoietic stem cells into 

leukemic stem cells.[13] These proteins are known to affect the self-renewal ability of 

leukemic stem cells through the stabilization of the mRNA of signaling molecules crucial 

for such processes. [14] MSI2 encourages leukemic cell survival, proliferation, and 

migration in the bone marrow niche by regulating the activation of various pathways.[15] 

The inhibitor of MSI has been shown to inhibit vital signaling pathways and induce 

differentiation of LSCs, thus diminishing the burden of malignancies. [16] MSI1 and MSI2 

control the dynamics of cancer stem cells by various signaling pathways, including Wnt, 

Notch, and JAK/STAT that drive the maintenance and proliferation of cancer stem cells, 

enhancing tumor initiation, progression, and metastasis. [17] 

 

Mechanisms of Leukemia's MSI-Mediated Oncogenesis  

MSI proteins, such as MSI2, have been demonstrated to interact with oncogenic activation 

pathways such as Wnt, Notch, and JAK/STAT by stabilizing the mRNAs of critical 

signaling proteins, promoting the proliferation and survival of leukemia stem cells and 

eventually leading to leukemia. [18] MSI2 stabilizes the key mRNAs of self-renewal and 

differentiation of stem cells to sustain leukemia stem cells' (LSCs) self-renewal.  [19] 

Reestablishment of leukemia, notably AML, has been associated with high expression levels 
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of MSI. Increased levels of the MSI opportunity for self-renewal in LSCs bring about 

minimal residual disease after treatment and transformation back into leukemia. [20] 

 

MSI Proteins in Leukemia Pathogenesis  

Expression of MSI1 and MSI2 in Multiple Subtypes of Leukemia    

MSI overexpression has been linked to poor prognosis and resistance to treatment in AML 

patients. The inhibition of MSI2 is being investigated to eliminate leukemic stem cells 

(LSCs) and improve treatment outcomes.[21] Overexpression of MSI proteins is linked 

with limited residual disease and relapse in CML patients. According to studies, MSI 

inhibitors can improve the efficacy of TKIs in CML treatment. [11] MSI1 promotes the 

translation of oncogenic mRNAs involved in cell cycle control and apoptosis resistance. 

Targeting MSI1 in ALL models offers the potential to reverse drug resistance. [22] Musashi 

proteins are prognostic biomarkers and therapeutic targets in leukemia and stem cells. MSI-

targeted drugs are being studied as a possible method for enhancing patient outcomes[23] 

MSI proteins regulate the stability of key mRNAs involved in LSC self-renewal and 

differentiation. The rise in MSI expression helps accelerate leukemia development.[24] 

 

Leukemic Stem Cell Maintenance and MSI 

 MSI2 acts as stabilizing the HOXA9 mRNA, enhances expression, and promotes self-

renewal and proliferation of LSCs. [25]  MSI2 enhances MYC mRNA stability, thereby 

increasing MYC expression, which is instrumental in the maintenance of the LSC and their 

proliferation. [26] Targeting MSI2 may block LSC self-renewal and enhance therapeutic 

efficacy in hematologic malignancies. [27] MSI2 prevents LSCs from undergoing 

therapeutic-induced stress by upregulating the expression of certain oncogenic 

transcription factors like HOXA9 and MYC. [11] 

 

Musashi-Mediated Leukemia Signaling Pathways  

Notch and Wnt Signaling  

MSI2 post-transcriptionally controls β-catenin mRNA, thereby emboldening Wnt/β-

catenin signaling within the AML patients. This stimulation encourages LSC self-renew 1 
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which leads to disease progression. The inhibition of MSI2 decreases the β-catenin activity 

and suppresses AML growth.[28] MSI1 affects the Notch1 and β-catenin pathways in 

leukemia, promoting LSC survival and self-renewal. Its dual action renders it an important 

regulatory molecule of the disease.[29]Inactivation of MSI2 subsequently results in 

attenuation of β-catenin activity, raising the likelihood of sensitivity to treatment and 

indicating its promising potential as a therapeutic target. [26] MSI1/MSI2 therefore play a 

role in the control of the Notch1 and β-catenin pathways in LSCs within parameters of 

leukemia evolution and therapy resistance.[30, 31] 

 

JAK/STAT and mTOR Pathways  

MSI2 may enhance STAT3 activity by stabilizing its mRNA and encouraging self-renewal 

and leukemogenesis in LSCs. That is why MSI2 is an attractive target for therapy: when 

MSI2 is inhibited, STAT3 activity decreases, and the disease is slowed down.[32] Because 

MSI2 post-transcriptionally regulates STAT3, increasing its activity, the MSI2-STAT3 axis 

is critical for AML progression.[33] MSI2 regulates the expression of mTOR basically by 

stabilizing mTOR pathway components that increase metabolic activity and LSC survival. 

Such an approach could target MSI2, affecting down-mTOR signaling and inhibiting LSC 

proliferation. [34] MSI2 increases glycolysis and oxidative phosphorylation, which directs 

metabolic pathways in LSCs and affords LSCs a survival and resistance advantage. [35, 36] 

The MSI2-mTOR axis promotes resistance to treatment in AML through enhanced 

metabolic activity and LSC survival. The inhibition of MSI2 blocks mTOR signaling and 

restores sensitivity to therapeutic agents under consideration. [37, 38] 

 

Targeting Musashi Proteins Therapeutically in Leukemia  

Preclinical and Clinical Research on MSI Inhibitors: 

A small molecule inhibitor of the MSI2-RNA interface, RO-08-2750, prevents 

leukemogenesis and LSC self-renewal. [39] By efficient down-regulation of LSC MSI1 with 

ASOs, self-renewal is inhibited, and responses to chemotherapeutic agents improve.[40] 

The small molecule inhibitor CMLD010509 specifically targets MSI2, a decrease in RNA-

binding activity leads to inhibition of proliferation in LSCs.[39] Targeting MSI2, the 

application of siRNAs in LSCs down-regulates its expression, abrogates self-renewal, and 
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enhances chemosensitivity; this RNA-based MOA represents a new mechanism of 

targeting chemo-resistant leukemia.[41] The small-molecule MSI1/RNA interaction 

inhibitor RK-33 reduces cancer stem cell (CSCs) like features in solid tumors.[42] [43]The 

CRISPR-Cas9 system mediates the knock-down of MSI2, which impairs LSC self-renewal 

and causes AML to undergo reverse chemotherapy resistance.[43]  

 

Potential of Combination Therapy with MSI Knockdown  

DNA-damaging effects are dependent on the mechanistic studies done on MSI, while MSI 

inhibition plus chemotherapy may yield better results for overcoming the resistance 

mechanisms.[44] By increasing the mutational load and enhancing the immunogenicity of 

leukemia cells, MSI inhibition acts to improve the effectiveness of immunotherapy.[45] 

Inhibition of MSI might counteract chemoresistance when switched off and allow drug-

resistant leukemia cells to accumulate DNA damage.[46] MSI inhibition might handle 

resistance to chemotherapy by promoting the buildup of DNA damage in resistant 

leukemia cells. [47, 48] [49] 

 

Conclusion 

MSI proteins, including MSI1 and MSI2, are promising therapeutic targets because they 

play significant roles in LSC self-renewal, survival, and resistance to therapy. Several RNA-

based approaches, small-molecule inhibitors, and CRISPR-Cas9 technologies have been 

reported to inhibit MSI proteins, which may block LSC maintenance while improving 

chemotherapy efficacy. Future studies should focus on the development of new MSI 

inhibitors to tackle resistance mechanisms and investigate combination therapy approaches. 

Such developments may offer great hope for the prognosis of leukemia patients since they 

aim to address the root cause of disease progression and relapse. [8, 26, 39, 50-57] 

 

Future Directions in MSI-Targeted Therapies: 

• Make targeted small molecules or RNA-based therapeutics for MSI1 and MSI2 for 

safety enhancement and off-target effect reduction. 

• Use the MSI inhibitors with existing leukemia therapies to augment efficacy to 

circumvent resistance.  
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• Developing new MSI inhibitors with little adverse effects. 

• To combat the resistance of MSI inhibitors used in combination with 

chemotherapy, tyrosine kinase inhibitors (TKIs), or immunotherapy. 

• Biomarker development for patient stratification, resulting in more tailored 

treatments. 
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