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Abstract: Leukemia is a global concern as it is affecting the global population. Many 

anticancer drugs have used in the disease, although toxicities can not ignored. The 

important targets for the disease are B cell receptor pathway that is  spleen tyrosine 

kinase, mammalian target of rapamycin (mTOR), phosphoinositide 3’-kinase (PI3K), 

Bruton's tyrosine kinase (BTK) which potentially the disease and can be used as the 

target for targeted delivery of anticancer drugs in disease. The need of the hour is to 

develop the formulation, should be specific and have minimum toxicities. The 

nanoformulations have proved their efficacy in disease targeting and minimization of 

toxicities. In this review paper, we have performed a systematic review of more than 

250 papers and selected those one related to our research work. The findings suggest 

that nanoparticles can be a game changer in the lane of disease management as they 

can be  targeted delivery and minimization of toxicities too. 
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Introduction 

Leukemia is a complex disease that is increasing day by day. Globally the surge of disease is not 

only affectes the patients but their social life too. The disease etiology suggests that the B cell 

receptor pathway plays a critical role in the survival, and proliferation of chronic lymphocytic 

leukemia cells. Nanocarriers have shown therapeutic efficacy and minimization of toxicities of 

these anti-cancer drugs. Nanotechnology is an emerging field for development of new drug 

formulation it provides great applicability in disease management.  

Role of B cell receptor 

The B cell receptor plays an important role in chronic lymphocytic leukemia disease [1]. The 

Activation of BCR results in the generation of spleen tyrosine kinase (SYK) and the SRC kinase 

LYN which causes phosphorylation of immunoreceptor tyrosine-based activation motifs (ITAMs) 

of the accomplice proteins of the BCR complex i.e. CD79a and CD79b. Phosphorylation of these 

complexes generates adaptor proteins and other kinases, such as Bruton’s tyrosine kinase or 

phosphatidylinositol 3-kinase (PI3K). The signaling of these molecules causes downstream 

activation of AKT/mTOR, NF-κB, and ERK. Reported work on CLL cells confirmed that BCR 

signaling associated with the role of the ζ-associated protein of 70 kD (ZAP-70) [2, 3,4] that 

expressed in nearly half of all chronic lymphocytic leukemia diseases. The role of ZAP-70 in B-

cell receptor signaling in chronic lymphocytic leukemia not depends on kinase activity only, but 

somewhat on other kinases like SYK, to the B-cell receptor complex.  

The Stimulation of disease through activation of B-cell receptor signaling can aggravate CLL cell 

appearance by important chemokines CCL3 and CCL4 [5]. The activated CLL cells secrete 

chemokines which exert a pull on leukemia cells that is regulatory T cells [6, 7]. Some reports 

suggest that Activated chronic lymphocytic leukemia cells have high levels of CLL3 and CCL4 

when isolated from lymph nodes [8], explaining that B- Cell Receptor has a prominent role in 

creating a favorable environment which helps in CLL cell expansion and endurance. 

Some reported data suggest that CD38 is an indicator of adverse prognosis and a sign of activation 

and proliferation of CLL cells [9, 10, and 11]. Another work reported by some researchers explains 

that CD31A is a ligand for CD38 expressed by nurselike cells and other accessory cells in the 

leukemia microenvironment [12]. The CD38 Ligation on CLL cells can activate ZAP-70 and 

ERK1/2 signaling pathways to enhance CLL cell proliferation and chemotaxis [13, 14]; interaction 

between CD38 and ZAP-70 may enhance BCR signaling. Recent research data suggest that 

macromolecular complexes of CD38, CD49d, CD44, and matrix metalloproteinase on the CLL 

cells express ZAP-70 [15, 16]. 

Hyaluronic acid also plays role as it acts on the CD44 receptor found in endothelial venules of 

lymphoid tissue in the leukemia microenvironment. The migration and invasion of CLL cells 

depend on interactions between CD38 and CD44, MMP-9, and CD49d, that in turn enhance the 

signaling leading to the growth or survival of CLL cells through  CD38, CD44, MMP-9, CD49d, 

and ZAP-70 complexes which may be responsible for the progression of the disease through  ZAP-

70 and CD38 [17]. 



Page 1527 of 8 
Priyanka pandey / Afr.J.Bio.Sc. 6(Si2) (2024) 

Some researchers reported that CXCR4 chemokine receptor CD184 is highly expressed in CLL 

cells when isolated from blood [18] other reported data suggests that proliferation of Ki-67+ CLL 

cells found in the bone marrow and in lymphatic tissues articulate significantly decreases levels of 

CXCR4 and CXCR5, possibly reflecting chemokine-induced surface receptor downmodulation of 

these chemokine receptors [19].  

TLRs 

These receptors are present on the cell surface and essenial for the innate immune system through 

binding to structural microbial antigens that triggers innate immune responses. Some researchers 

reported that many TLRs are expressed and functional in CLL; stimulation of these TLRs could 

induce surface expression of activation markers such as CD25 and CD80 [20]. 

 

From the above discussion, it is clear that the B cell receptor pathway plays crucial role in the 

endurance, proliferation, and trafficking of chronic lymphocytic leukemia (CLL) cells.  

The drugs which can inhibit kinases in this pathway that is spleen tyrosine kinase (SYK), 

mammalian target of rapamycin (mTOR), phosphoinositide 3’-kinase (PI3K), and Bruton's 

tyrosine kinase (BTK), can be utilized for treatment more ever various pre-clinical models 

established to decrease CLL cell viability both directly and indirectly through modulation of the 

microenvironment. Oral drugs targeting these kinases have implicated through phase-1 studies of 

clinical trials in patients with CLL. BCR pathway adversaries appear as highly active in 

degenerated refractory CLL, independent of high-risk disease makers such as Del (17p). These 

agents have a unique pattern of suggesting early transient lymphocytosis that typically is linked 

with a nodal response.  

Nano particles and nano carriers 

Today nanomedicine is proving their efficacy in many chronic diseases. These are new but 

showing their efficacy in the treatment of diseases. The applicability of nanoscale range is utilized 

to deliver therapeutic agents to specific targeted sites in a controlled manner. Today nanomedicine 

is proving its efficacy in many chronic diseases. These are new but show their applicability in the 

treatment of diseases. The nanoscale range is for delivering the therapeutic agents to specifically 

targeted sites in a controlled manner. Nanotechnology offers multiple benefits in treating chronic 

human diseases by site-specific and target-oriented delivery of precise medicines that can also 

reduce the adverse effects common amongst anticancer drugs.  

Nanomedicine is a promising field employing the use of knowledge through techniques of 

nanoscience in disease prevention and treatments. The utilization of nanoscience is increasing day 

by day nanorobots, and nanosensors in diagnostic kits. The applicability of nanoparticle-based 

methods reported by authors suggests that combined approach in treatment and imaging modalities 

of cancer diagnosis [21]. 

Material and methods: 

In this review paper we have performed systematic review on work already reported through 

nanocarrirers in leukemia and targeted sites.  
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Table: 1 Anticancer Nanocarriers and their targets in Leukemia 

S.No Name of Nano-carriers Targeted  Reference no. 

1.  Iron Oxide Nanoparticles Combined 

with Cytosine Arabinoside  

Regulating Reactive Oxygen Species [22] 

2.  ferumoxytol  iron oxide nanoparticle Regulating Reactive Oxygen Species [23] 

3.  anti-CD20 nanoparticles containing 

hydroxychloroquine and chlorambucil 

 [24] 

4.  Anti-CD123 antibody-modified 

niosomes  of daunorubicin 

DNR-CD123-PEG-NS [25] 

5.  PPI-G4-M3 dendrimers NFκB pathway [26] 

6.  Sphingomyelin/cholesterol liposome 

loaded with vincristine 

Diffuse large B cell lymphoma 

(DLBCL) 

[27] 

7.  liposome co-loaded with daunorubicin 

and cytarabine 

Anthracycline topoisomerase inhibitor, 

Nucleoside metabolic inhibitor 

[28] 

8.  BAT1-liposome Prevent the binding of the chemokine 

CXCL12 to CXCR4 in CLL 

[29] 

9.  Chlorambucil Iron Oxide 

Nanoparticles 

 [30] 

10.  Carboxymethyl Chitosan 

Nanoparticles Containing Covalently 

Entrapped 6-Mercaptopurine  

Folate Receptor and GSH stimulation 

 

[31] 

11.  P-glycoprotein carbon nanotubes  

loaded with doxorubicin 

K562R cells [32] 

12.  Cationic drug-derived nanoparticles of 

mitoxantrone 

Tumor cells [33] 

13.  Epigallocatechin-3-gallate 

encapsulated realgar nanoparticles  

HL-60 cells [34] 

14.  AP9-cd loaded solid lipid 

nanoparticles 

Molt-4 cells [35] 

15.  Glycodendrimer Nanoparticles  brain Tumour and internal organs [36] 

16.  Phosphatidylinositol 3-Kinase 

inhibitor umbralisib gold 

Nanoparticles 

non-Hodgkin's lymphoma [37] 

17.  Maltotriose-modified poly(propylene 

imine) Glycodendrimers 

Tumour [38] 

18.  Glycodendrimer PPI  Apoptosis [39] 

 

Conclusion  

The review work strongly suggests that the nanocarriers of anti-cancer drugs that have an 

inhibitory action on spleen tyrosine kinase, mammalian target of rapamycin, phosphoinositide 3’-
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kinase, and Bruton's tyrosine kinase can be an appropriate therapeutic option for the treatment of 

leukemia. These nanocarriers of anti-cancer drugs can also reduce the well-known toxicities of 

anti-cancer drugs. Much clinical research is also going on that can provide the direction for future 

treatment of disease. We have reviewed the targets and applicability of nanocarriers in leukemia. 

In our future work, we will emphasize the development of anticancer-based nanocarrier 

formulation that can target the kinase pathway. 
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