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CLL, the most frequent type of leukemia in Western European countries, still remains 

as an incurable disease occurring more commonly in men and adult population, with median 

age over 50 years. Number of research have shown that CLL displays very diverse clinical 

courses and different sensitivity to treatments. Thus, in all newly diagnosed CLL cases, 

prognostic factors, clinical stage of disease and individualized treatment goals should be 

specifically defined. 

Along with the development of molecular biology and new diagnostic techniques, 

significant improvement in the treatment of proliferative diseases of the lymphatic and 

hematopoietic systems have been noticed. Newly investigated specific prognostic markers have 

allowed to more accurate stratification of patients and more specific direction of the therapy. It 

has been confirmed that malignant cells in CLL display resistance to apoptosis, which may be 

associated with mutations in the TP53 gene, high expression of the BCL2 and MCL1 genes or 

other genetic abnormalities, and consequently may lead to the ineffectiveness of chemotherapy. 

Furthermore, standard cytostatics have become to be replaced by the drugs with more selective 

mechanism of action, affecting the microenvironment of the cancer cells and their 

vascularization, as well as acting on the cell life processes, subcellular structures, surface 

antigens or signaling from inside and outside the cell. Additionally, a long list of conducted 

preclinical and clinical studies have highly extended the possibilities of available therapeutic 

schemes for anticancer treatment, including the CLL therapy.  

HDIs have become a novel group of potent anticancer drugs involved in the epigenetic 

regulation of gene expression. HDIs, through the changes in histone acetylation, affects the 

chromatin condensation and, in result leads to changes in gene expression of different genes 

responsible for cell cycle and differentiation. Moreover, the anticancer activity has been 

confirmed for over 15 different HDIs, and a few of them, mostly in combination with 

radiotherapy or cytostatics, have been approved by FDA and European Medicines Agency. 

Nowadays, various HDIs are estimating in preclinical and clinical studies to confirm its 

effectiveness in monotherapy or new combinations. 

Results from various preclinical studies have shown that a well-known anticonvulsant 

drug, VPA, by modulating multiple signaling pathways, causes significant inhibition of cancer 

cell proliferation. It has been confirmed that VPA affects the acetylation of histones and non-



histone proteins, which may inhibit proliferation and increase the apoptosis in cancer cells. 

Additionally, it has been shown that VPA has an ability to regulate Notch signaling and the 

expression of particular GPCRs related to numerous signaling pathways linked with cancer. 

Therefore, various preclinical and clinical studies are still carrying out to estimate the anticancer 

effectiveness of VPA, both in monotherapy and in different combinations. 

The aim of the study was to assess the effect of CLB and VPA used separately and in 

combination on the viability and apoptosis of CLL cells in vitro, as well as, the development of 

the method of quantitative determination of the compilation of both drugs in plasma. 

The peripheral blood mononuclear cells were obtained from 17 untreated CLL patients, 

hospitalized at the Department of Hematooncology and Bone Marrow Transplantation of 

Medical University of Lublin, Poland. Lymphocytes were isolated by gradient density 

centrifugation on Ficoll and analyzed after 24 and 48 hours of incubation with CLB (17,5 µM) 

and VPA (0,5 mM) used alone and in combination. CLL cells were also cultured with no drugs 

(media alone) to determine the negative control of apoptosis. Cell viability was measured with 

a trypan blue exclusion assay according to producers’ instructions. Evaluation of apoptosis was 

achieved with the use of Annexin V-Cy3TM Apoptosis Detection Kit according to producers’ 

instructions. Gene expression profiling of two TP53 target genes, p21 and HDM2, and two 

genes from Bcl-2 family, BCL2 and MCL1, was performed using qPCR technique. Assessment 

of cytogenetic prognostic factors, as trisomy 12, del13q, del17p and del11q was completed by 

FISH method. 

In the second part of the study, the HPLC-UV method for the determination of CLB in 

plasma and the GC-MS method for the determination of VPA in plasma were developed and 

validated. CLB was extracted from plasma with methanol, using simple protein precipitation 

and filtration. Chromatography was performed on a LiChrospher 100 RP-18 end-capped 

column with the use of a mobile phase consisting of water, acetonitrile and formic acid, and 

detection set at 258 nm. For quantitation of VPA, a sensitive GC-MS method was developed 

including simple pre-column esterification with methanol and extraction with hexane. 

Chromatography was performed on an HP-5MS UI 30 m × 0,25 mm, 0,25 µm column and 

monitored by MS with an electron impact ionization and selective ion monitoring mode. 

In the presented experiments, an increased number of apoptotic cells was observed in 

cell cultures with drugs, both single substances and in their combination, compared to controls. 

Moreover, increased expression of p21 and HDM2 genes in cell cultures with CLB compared 



to the control, as well as increased expression of p21 gene in cell cultures with the combination 

of CLB and VPA compared to cultures with CLB was shown. At the same time, the cultures 

with CLB showed a visibly higher expression of BCL2 gene than the cultures with VPA alone.  

The sensitivity of the HPLC-UV method for the determination of CLB in plasma, 

defined as LLOQ, was achieved at the level of 0,075 μg/ml, displaying sufficient sensitivity in 

respect to therapeutic concentrations of CLB in CLL patients’ plasma. The accuracy was 

between 94,13% and 101,12%, while the intra- and inter-batch precision was ≤9,46%. For the 

GC-MS method for the determination of VPA in plasma, the LLOQ was found to be 0,075 

μg/ml, and the accuracy was between 94,96% and 109,12%, while the intra- and inter-batch 

precision was ≤6,69%. 

In conclusion, the present study showed that the combination of CLB with VPA could 

increase the cytotoxic activity of CLB in cancer cells, leading to an increased proapoptotic 

effect in CLL cells. Therefore, the proposed combination could lead to a reduction of the CLB 

dose in CLL patients and, consequently, to reduce the toxicity of the therapy. Additionally, 

obtained results strongly suggest further examinations of the CLB and VPA combination in 

CLL treatment, along with different combinations of CLB and other agents with HDIs’ activity. 

On the other hand, both presented methods fulfilled the requirements of FDA guidelines 

for the determination of drugs in biological materials and allowed the determination of CLB 

and VPA in the same plasma samples with no mutual interference. As far as the required 

selectivity, sensitivity, linearity, precision and accuracy, recovery, low matrix effect, carry over 

and stability were concerned, presented HPLC-UV and GC-MS methods could be good 

alternatives to previously described LC-MS or HPLC methods, as well as, could be used to 

determination of low concentrations of CLB and VPA in biological material. 


