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values lower than −8.5 kcal mol−1. Compound 9 formed 
strong complexes with NF-κB/p52/RelB/DNA complex (PDB 
ID: 3DO7), with dissociation constant of 0.0056 μM. 
 Besides hydrogen bonds (H-bonds), other types of 
bonds such as hydrophobic, π-π and cation-π bonds were 
observed upon binding of derivatives to the target proteins. 
Figure 3 represents binding modes of compounds 9, 10 and 
14 with unphosphorylated protein kinase B (PDB ID: 1GZO), 
NF-κB/p52/RelB/DNA complex (PDB ID: 3DO7), and PI3K 
p110 delta (PDB ID: 5NGB) assessed by molecular docking 
study. 

Compounds’ Effects on DLBCL Cell 
Metabolic Activity 

Using WST-8 assay, we evaluated the effect of xanthene 
derivatives on metabolic activity of ABC (HBL-1) and GCB 
(DHL-4) DLBCL cells. Derivatives have shown either mild or 
no inhibitory activity (Figure 4 and 5). Mild inhibitory activ-
ity was denoted where percentage of viable cells ranged 
between 60−80 % at 50 μM concentration of compound, 
otherwise the compounds were denoted to have no inhibi-
tory activity (cell viability remained above 80 % at the same 
concentration). Importantly, the cytotoxic effects of certain 
compounds varied between the two DLBCL subtypes, sug-
gesting different mechanisms of action. In ABC DLBCL HBL-
1 cells, compounds 1, 2, 3, 4, 5, 6, 7, 8, and 15 exhibited 
mild inhibitory activity. Treatment with compounds 9, 10, 
11, 12, 13, 14, 16, 17 and 18 showed no inhibitory activity 
in HBL-1 cell line (Figure 4a, b). In contrast to HBL-1 cell line, 
compounds 1, 2, 3, 4, 6, 7, and 8 showed no inhibitory 

activity in DHL-4 cells, whose inhibitory effect on HBL-1 cells 
was mild. DHL-4 cells showed mild inhibitory response to 
the treatment with compounds 10, 11, 12, 14, 16, and 17, 
while ABC DLBCL cells showed no significant sensitivity to 
the treatment with mentioned compounds. Compounds 5 
and 15 had mild inhibitory activity in both cell lines. 
Compounds 9, 13, and 18 did not have inhibitory activity in 
both, DHL-4 and HBL-1 cell lines (Figure 4 and 5). 
 Our data suggest different responses of HBL-1 and 
DHL-4 cells toward treatment with xanthene derivatives. 
The treatment with the compounds characterized with mild 
inhibitory activity induced significant decrease of cell viabil-
ity (p < 0.0001) in both cell lines at the highest treatment 
concentration (50 μM). The inhibitory concentration 50 
(IC50) was > 50.00 μM for all compounds in both cell lines.  
 Xanthene derivatives with central oxygen-containing 
heterocyclic structure fused to two more cyclic structures 
possess wide range of biological activities. The structure-
activity relationship (SAR) of xanthenes suggests that these 
derivatives induce anti-proliferative properties in cancer 
models in respect to distinct moieties.[36,37] In one study, 
antitumor activity and SAR of several N-substituted 14-aryl-
14H dibenzo[a,j]xanthene-3,11-dicarboxamides was evalu-
ated in acute promyelocytic leukemia and hepatoma can-
cer cells. SAR analysis revealed that numerous parameters 
affect the compounds’ activity, including side chain posi-
tions, substituent size and other. Accordingly, carboxamide 
substituent at C-3 and C-11 positions induced stronger in-
hibitory activity, while the small size of the positioned 
group on nitrogen atom of the carboxamide side chain 

 

 

 

 

Figure 3. Binding modes of compounds 9, 10 and 14 at the active site of (a−c) unphosphorylated protein kinase B (PDB ID: 
1GZO), (d−f) NF-κB/p52/RelB/DNA complex (PDB ID: 3DO7), and (g−i) PI3K p110 delta (PDB ID: 5NGB) assessed by molecular 
docking study. 
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resulted in greater cytotoxicity rates of the compounds. 
Addition of halogen substituents at the para position of the 
14-phenyl ring resulted in lower IC50 values and increased 
inhibitory activity in comparison to other substituents posi-
tioned differently.[37,38] Moreover, position of chlorine 
group in other synthesized derivatives, such as benzyloxy-
phenylmethylaminophenol also have an important role in 
induction of inhibitory activities. In HepG2 hepatocellular 
carcinoma cells, compound with chloro group positioned at 
C-3 in the ring showed very strong cytotoxicity in cancer 
cells (IC50 = 1.38 μM), while the compound with chlorine at 
position C-5 induced less inhibitory activity (IC50 = 26.68 μM), 
with reduced inhibitory activity toward STAT3 expression.[39]  
 In our study, xanthene derivatives mainly showed 
opposing effects in DLBCL cells belonging to two distinct 
subtypes, possibly as a result of different intracellular 
mechanisms of action. However, our results showed that 
compound 5 (4-chlorophenyl) induced mild inhibitory activ-
ity in both DLBCL models. This can be linked to the position 
of the chlorine substituent at C-4 position as compounds 3 
and 4 with chlorine atom at C-2 and C-3, respectively, 
induced no inhibitory activity in DHL-4 cells. In addition, our 
data suggest that HBL-1 cells were more sensitive to the 
treatment with xanthene derivatives bearing methoxy 

(OCH3) and fluorine substituent. This could possibly be 
linked to the expression of distinct molecular signaling 
pathways in ABC DLBCL cells where the mentioned 
compounds bind to specific targets inside of the cell. 

Evaluation of Compounds’ Protein 
Targets in HBL-1 and DHL-4 Cell Lines 

Based on the in silico analysis results, we studied the effects 
of compounds 9, 10 and 14 on the expression of different 
protein targets that regulate cell survival, proliferation and 
differentiation of DLBCL cells. The cells were treated with 
two concentrations of compounds (25 and 50 μM) for 48 
hours (Figure 6). 
 The expression levels of phosphorylated NF-κB 
protein, as one of the major drivers of ABC DLBCL 
pathogenesis leading to uncontrolled cell differentiation 
and proliferation, were increased in HBL-1 cells following 
treatment with compounds 9, 10, and 14. 
 The most prominent effect was observed after the 
treatment with 50 μM concentration of compound 14, 
where the expression of p-NF-κB increased in average for 
two-fold in comparison to the control group. In the same 
cells, the expression levels of PI3Kδ p110 protein that is 
involved in cell growth and division also increased after the 

 
 

 

Figure 4. Effect of compounds on cell viability after 48 hour 
incubation in HBL-1 cell line showing (a) mild and (b) no 
inhibitory activity. Graphs represent the average of 
triplicates from three independent experiments with 
standard deviations indicated for each concentration. Cell 
viability is represented as a percentage compared to 0.05 % 
DMSO control. p<0.05 was considered as level of statistical 
significance with the next levels: *p < 0.05, **p < 0.01,  
***p < 0.001, ****p < 0.0001. 

 

 
 

 

Figure 5. Effect of compounds on cell viability after 48 hour 
incubation in DHL-4 cell line showing (a) mild and (b) no 
inhibitory activity. Graphs represent the average of 
triplicates from three independent experiments with 
standard deviations indicated for each concentration. Cell 
viability is represented as a percentage compared to 0.05% 
DMSO control. p<0.05 was considered as level of statistical 
significance with the next levels presented:*p < 0.05,  
**p < 0.01, ***p < 0.001, ****p < 0.0001. 
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treatment with selected compounds. The expression of 
PI3Kδ protein was the strongest after treatment with 
compound 14. Treatment of HBL-1 cell line with compound 
9 resulted in similar expression of activated Akt as a major 
player of PI3K/Akt/mTOR signaling compared to the 
control. However, compounds 10 and 14 stimulated the 
expression of p-Akt protein in HBL-1 cells, with greater 
effect on its expression after the treatment with 50 μM 
concentration of compound 10 (Figure 6).  
 In DHL-4 cells, we observed increased expression of 
p-NF-κB following treatment with compounds 9 and 10, 
where the expression of target protein increased more than 
two-fold compared to the control. However, compound 14 
resulted in similar expression of p-NF-κB at 50 µM treatment 
concentration compared to control. Compounds 9, 10 and 14 
induced overexpression of PI3Kδ protein, with the greatest 
stimulatory effect after compound 10 treatment where we 
observed 10-fold higher expression of the target protein. 
Compounds 9 and 10 also induced expression of p-Akt, 
whereas compound 14 reduced its expression levels for 57 % 
in average compared to the untreated DHL-4 cells.  
 Interestingly, our results indicate opposing effects of 
compound 14 among ABC and GCB DLBCL cells on expression 
of two main targets, p-NF-κB and p-Akt. Treatment of DHL-4 
cells with compound 14 showed reduction of p-Akt levels, 

while in HBL-1 cells we observed increased expression of the 
target protein in average for 87 % compared to the control 
group. Compound 9 decreased expression of p-Akt in more 
aggressive DLBCL HBL-1 cells, while in DHL-4 cells we 
observed stimulated expression. Compound 10 elevated the 
expression of p-NF-κB and p-Akt in both cell lines (Figure 6), 
suggesting its stimulatory characteristics regarding the two 
key players in DLBCL tumorigenesis. 
 Constitutive activity of PI3K/Akt signaling as a core 
regulatory mechanism in many cancers is an important 
strategy for therapeutic approaches. However, cancer cells 
are characterized with an ability to adapt to drug-response 
signaling processes that lead to therapeutic resistance.[40,41] 
This is achieved through cell-to-cell cross-talk, feedback 
regulation, functional redundancies and many other mech-
anisms.[42] The activation of compensatory pathways is rec-
ognized as one of the limitations for therapeutic 
effectiveness. Serra et al have reported enhanced activity 
of ERK signaling after PI3K pathway inhibition in HER2-pos-
itive breast cancer.[43] In non-small cell lung cancer models, 
inhibition of PI3K signaling axis lead to enhanced activation 
of MET/STAT3 signaling pathway promoting cancer pro-
gression, metastasis and drug resistance.[44] 
 Although Akt activation promotes cell survival, differ-
ent chemotherapeutic drugs stimulate Akt phosphorylation. 
This mechanism is commonly linked to chemoresistance of 
cancer cells. However, several reports suggest that activation 
of Akt by certain chemotherapies results in overall cellular 
therapeutic sensitivity.[45] In theory, each molecular target 
can be inhibited to improve the outcomes of conventional 
treatment. Therefore, multimodality treatment approach 
suggests the use of Akt inhibitors, such as MK-2206, perifo-
sine and other inhibitors of PI3K/Akt signaling that induce 
sensitization of cancer cells to the therapy in in vitro and in 
vivo models.[46] Doxorubicin, paclitaxel, gemcitabine and 5-
fluorouracil are chemotherapeutic drugs known to activate 
Akt phosphorylation in cancer models. This event potentially 
arises as a result of activation of cell defense mechanisms un-
der certain stress or extracellular stimuli.[45,47] Several reports 
suggest that Akt activation is a main event linked with re-
sistance to platinum-based therapy. Liu et al showed that in-
duced expression of Akt1 is sufficient for induction of cell 
resistance to cisplatin therapy, while inhibition of Akt1 in-
duced cisplatin sensitivity of lung cancer cells. In the same 
study, activation of Akt was highly correlated to cisplatin 
chemosensitivity in human tumor tissues obtained from lung 
cancer patients, suggesting Akt activation as a mechanism of 
drug resistance that could represent therapeutic target to 
avoid therapy resistance.[48] Accordingly, Akt inhibitor MK-
2206 showed synergistic effect in combination with cisplatin 
in distinct tumors, such as lung, nasopharyngeal, gastric 
cancer and others, underlining the pivotal role of Akt activa-
tion in resistance to platinum drugs.[46] 

 
 

 

Figure 6. Evaluation of protein expression after treatment 
with compounds 9, 10 and 14 for 48 hours in HBL-1 and 
DHL-4 cells. Numbers below the bands represent a net 
image fold difference in the band intensity compared to the 
control and normalization against β-actin. 
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 Combinatorial treatments offer a promising approach 
in treatment of malignant models resistant to conventional 
therapy. Glamočlija et al (2022) recently reported synergistic 
effect of metformin and thymoquinone on decrease of cell 
viability and proliferation in imatinib-sensitive and imatinib-
resistant leukemia cells, where the stronger effects of com-
binatorial treatment were observed in resistant compared to 
imatinib-sensitive cell models.[49] Therefore, implication of 
combinatorial therapy targeting diverse cellular mechanisms 
in cancer cells could offer a promising approach for cancer 
treatment in the future. Taking into consideration our find-
ings and literature data, we can understand that proper com-
binatorial treatments with Akt inhibitors and conventional 
therapies could improve patient clinical benefits. 
 

CONCLUSION 
In our study, compounds 9, 10 and 14 influenced 
expression of PI3Kδ, p-NF-κB and p-Akt in HBL-1 and DHL-4 
cells, where mainly stimulatory activities were observed. 
ABC DLBCL cells showed greater sensitivity toward 
compound 9 in terms of p-Akt expression decrease, while 
GCB DLBCL cells exploited a greater sensitivity toward the 
treatment with compound 14. Even though our results 
provide only an insight into activation of compensatory 
mechanism in DLBCL models upon treatment with 
xanthene derivatives, still it is important to underline that 
these data corroborate former findings and approaches for 
using dual inhibitors in cancer treatment for greater 
therapeutic effectiveness and therapeutic resistance 
escape.[44] We assume that the treatment would possibly 
result in even greater antitumor effectiveness if applied in 
combination with Akt inhibitors. This effect remains to be 
evaluated in the future. 
 
Supplementary Information. Supporting information to the 
paper is attached to the electronic version of the article at: 
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