
Abstract 

Chronic myeloid leukaemia (CML) is a cancer in adults with a peak in incidence during the 

5th to 6th decade of life. The underlying pathogenesis of CML is the translocation of the long 

arms of chromosomes 9 and 22 and the formation of the Philadelphia chromosome (altered 

chromosome 22). This process results in the fusion of the ABL1 gene on chromosome 9 with 

the BCR gene on chromosome 22. Expression of the BCR-ABL1 fusion gene results in an 

oncoprotein of the same name. The BCR-ABL1 protein is a tyrosine kinase, that promotes the 

growth and replication of hematopoietic neoplastic cells via downstream signalling pathways 

such as RAS, RAF, JUN kinase, MYC, or STAT. 

Diagnosis of the disease is based on the finding of persistent leukocytosis with the presence 

of myeloid lineage cells in the peripheral blood smear at all stages of maturation. Cytogenetic 

and molecular tests, including BCR-ABL transcript evaluation by RT-PCR, are used to confirm 

the diagnosis. Molecular studies are also used to monitor the effectiveness of CML treatment. 

The basis for treatment of CML is now tyrosine kinase inhibitors (TKIs). The molecule, that 

was first introduced for the treatment of CML was imatinib. 

The slow progression of CML is often asymptomatic. A gradual increase in the number of 

cells of the myeloid lineage can potentially be stimulated by infection and translate into disease 

progression. Antigenic stimulation is a proposed etiological mechanism for many 

haematological malignancies. Current literature suggests a possible association of chronic 

myeloid leukaemia with pre-existing infections in the form of bronchitis, pneumonia, sinusitis, 

and dermatitis. The mechanisms for the increased risk of myeloid malignancies in patients with 

pre-existing infections are not clear and may involve immune dysfunction predisposing to both 

infection and malignancy. Alternatively, infections themselves, or the host response to infection 

may promote de novo genetic abnormalities, which may underlie neoplastic transformation. In 

the context of immune dysfunction in CML patients, the type of therapy used is also not without 

significance. Imatinib and other TKIs, apart from inhibiting the activity of BCR-ABL kinase, 

have different effects on the function of a number of other transmitter proteins important for 

the efficient functioning of immune cells. 

Since Streptococcus pneumoniae may be a potential etiologic agent of many types of 

infections, this study analysed the efficacy of vaccination with the 13-valent PCV-13 

conjugated vaccine in CML patients treated with TKI. Immunization also allowed the 

assessment of the efficiency of selected elements of the immune system in this group of patients. 



Assessment of the vaccination efficacy was performed by measuring the percentage of IgD-

negative plasmoblasts of the class-switching type before and 7 days after vaccination. The 

obtained results confirmed the effectiveness of immunization in 100% of the tested patients 

with CML, and the degree of increase in the percentage of plasmoblasts was not statistically 

different from the healthy control group. 

Assessment of lymphocyte subpopulations and expression of early and late markers of T and 

B lymphocyte activation (CD25, CD69, HLA-DR) was performed using flow cytometry to 

assess immune status. The study was performed before and 4 weeks after vaccination. The 

analyses showed a weaker activation response to immunization in the population of patients 

with CML, which was reflected in the difference in the percentage of T lymphocytes 

(CD3+CD8+) with activation marker CD69+ four weeks after vaccination. In the healthy 

population, significantly higher results were achieved, than in the study group. Similar 

observations were made for proliferative signals in the CML patient population, in which the 

number of lymphocytes after vaccination was statistically significantly lower, than before 

vaccination. Such relationships were not observed in the healthy control group. 

Since Streptococcus pneumoniae triggers an immune response through toll-like receptor-

dependent signalling, the aim of this study was to determine the expression of known TLRs in 

response to vaccine polysaccharides. TLR2, TLR4, and TLR9 were analysed on myeloid 

lineage cells (CD15+) and on B lymphocytes (CD19+), showing no statistically significant 

difference in the expression of these receptors after vaccination compared to the pre-vaccination 

study. However, there was a significant difference in the baseline expression of TLR9 on both 

tested cell lines between the test group and the control group. However, a higher expression 

was found in the CML group. In contrast, TLR4 expression on CD15+ cells was significantly 

higher in the control group. 

In the present study, statistically significant differences were also observed between the 

study group and the control group with regard to the percentage of granulocytes that 

phagocytosed E.Coli bacteria 4 weeks after vaccination (Phagotest). In the study group, lower 

results were achieved compared to the control group, which indicates impaired phagocytosis. 

In the study group, there were also statistically significant differences between the percentage 

of monocytes that phagocytosed E.Coli bacteria 4 weeks after vaccination in comparison to the 

pre-vaccination test. After vaccination, the percentage of monocytes that phagocytosed E.Coli 

bacteria was significantly lower, than before vaccination, which further confirms the defect of 

phagocytosis in the group of CML patients treated with TKIs. 



Additional studies did not show any influence of EBV infection on the course and efficacy 

of PCV13 vaccination in either the study or control group. 

The measurable effect of the study was to document the efficacy and safety of vaccination 

with 13-valent pneumococcal conjugate vaccine in CML patients on TKI therapy. 


