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Abstract

Background: The incidence of B-chronic lymphocytic leukemia (B-CLL) resulting from the clonal accumulation of apoptosis-
resistant malignant B lymphocytes is growing in the adult population of Iran. Inhibitors of apoptosis proteins (IAPs) are consid-
ered as factors that can delay the onset of CLL cell apoptosis. Berberine is an isoquinoline alkaloid isolated from Cotridis rhizoma
that exhibits anti-tumor activities through various mechanisms.
Objectives: In this study, we investigated the impact of berberine on the level of Apollon expression in peripheral blood mononu-
clear cells (PBMCs) of 12 cases newly diagnosed with CLL and 6 healthy donors.
Methods: At first, the level of Apollon expression was assessed in PBMCs of CLL patients compared to the healthy donors. Peripheral
blood mononuclear cells were cultured in RPMI-1640 medium with 5% fetal bovine serum (FBS) and 1% penicillin/streptomycin for
48 hours, and the effect of berberine (25 µM) on the level of Apollon expression in CLL patients was assessed and compared to that
of healthy donors.
Results: We found that the expression level of Apollon was not significantly different between CLL patients and healthy donors (P =
0.640). Moreover, berberine induced no significant differences in Apollon expression as compared to the untreated (control) group
(P = 0.545 and P = 0.267 in CLL patients and healthy donors, respectively).
Conclusions: Overall, our results suggest that berberine has no direct effect on the expression of Apollon gene in CLL patients, and
pro-apoptotic impacts of berberine may be exerted through other mechanisms.
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1. Background

B-chronic lymphocytic leukemia (B-CLL) is character-
ized by the abnormal accumulation of B lymphocytes in
the peripheral blood, bone marrow, and lymphoid tissues.
Chronic lymphocytic leukemia is the most prevalent adult
leukemia in Western countries and accounts for 11 - 15% of
total hematopoietic cancers in Iran (1). The incidence rate
of this condition increases in adults with median age of
72 years. Moreover, males are more affected than females
(1.7: 1) (2). Morphologically, CLL cells are considered as
long-lived, small, mature, and resting lymphocytes with
the CD5+, CD19+, and CD23+ phenotypes (3).

However, alteration in the capacity of cell apoptosis
that leads to resistance to anti-tumor immune response
is a principal feature of CLL (4). There is strong consen-
sus that defect in apoptosis regulation leads to the accu-
mulation of malignant B cells. Apoptosis as programmed
cell death is executed through the activity of caspase fam-

ily and controlled by several checkpoints (5). One of the
apoptosis regulation checkpoints is the control of caspase
activation through the inhibitor of apoptosis protein (IAP)
family, including XIAP, cIAP1, cIAP2, ILP-2, NAIP, survivin,
and BRUCE/Apollon. The Inhibitors of apoptosis protein
consist of at least one baculovirus IAP repeat (BIR) domain,
C-terminal RING zinc-finger domain, and caspase recruit-
ment domain (CARD) (6). Moreover, IAPs play a central role
in the cell cycle and signal transduction.

It is demonstrated that IAPs are tightly associated with
RE1-silencing transcription factor (REST) expression, as a
master regulator in tumor development, progression, and
metastasis (7). Therefore, it seems that the dysregulation
of IAPs may lead to tumorigenesis. In this context, Apol-
lon/BIRC6 (BIR-containing protein 6) has been identified as
a 530kDa protein that its encoding gene is located on the
chromosome band 2p22. It is demonstrated that Apollon
exerts its anti-apoptotic activity through promoting ubiq-
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uitination, and subsequently, the degradation of the pro-
apoptotic protein Smac/DIABLO. It is also able to bind to
pro-caspase-9 and inhibit its activation (8). Accordingly,
the overexpression of BIRC6 has been demonstrated in
hematological malignancies, including childhood acute
myeloid leukemia (AML), acute lymphoblastic leukemia
(ALL), and CLL, and it has been associated with poor prog-
nosis and chemoresistance (9, 10).

In addition to the reported beneficial effects in vari-
ous diseases, herbal medicines have long been accepted
as adjunct therapeutics in cancer treatment. The growing
body of evidence reveals that berberine-BBR (chemical for-
mula: C20H18NO4, slowly soluble in water), as an isoquino-
line alkaloid found in numerous types of medicinal plants
such as Coptidis rhizoma, Phellodendron chinense schneid,
and Phellodendron amurense, is able to promote apoptosis
in several types of tumors through the inhibition of IAPs
family and the activation of caspase-9 and mitochondrial-
mediated pathways (11, 12). Berberine may downregulate
the expression of X-linked inhibitor of apoptotic proteins
(XIAP), leading to the induction of apoptosis in leukocyte-
depleted p53 genes. Moreover, berberine hydrochloride
plays a focal role in reactive oxygen species generation,
mitochondrial function, DNA topoisomerase inhibition,
DNA or RNA binding, matrix metalloproteinase regulation,
p53 activation, and NF-kappa B signal activation. Recently,
the anti-metastatic and anti-cancer features of berberine
against several cancers, including lung, prostate, breast,
and gastric cancer, have been reported. In particular, the
anti-proliferative and pro-apoptotic impacts of berberine
have been demonstrated on leukemic cells derived from
CLL patients (13, 14).

2. Objectives

Although studies have focused on the apoptotic role
of berberine on CLL cells through mitochondrial pathway
and the suppression of anti-apoptotic Bcl-2 gene expres-
sion, its impact on Apollon remains largely unknown. This
study aimed to investigate the impact of berberine on
the levels of Apollon gene expression in CLL patients and
healthy donors.

3. Methods

3.1. Subjects

Totally, 12 patients newly-diagnosed with CLL and 6
healthy age-matched subjects who had no leukemia or
other hematologic malignancies were enrolled in this
study. The inclusion criteria for the diagnosis of CLL were

according to the International Workshop on Chronic Lym-
phocytic Leukemia guidelines (15). The main demographic
features of the patients are summarized in Table 1. A
total volume of 10 mL peripheral whole blood was ob-
tained from the participants after written informed con-
sent was obtained from them. The study was approved by
the Ethics Committee of Semnan University of Medical Sci-
ences (IR.SEMUMS.REC.1394.174).

Table 1. Demographic and Clinical Features of Chronic Lymphocytic Leukemia Pa-
tients

Patient No. Gender Age WBC count/µL

1 M 65 59 × 103

2 M 71 84 × 103

3 M 74 65 × 103

4 F 52 62 × 103

5 F 68 48 × 103

6 M 42 53 × 103

7 M 50 43 × 103

8 F 64 84 × 103

9 F 69 85 × 103

10 M 64 62 × 103

11 F 66 73 × 103

12 M 72 71 × 103

Abbreviations: M, male; F, female.

3.2. Peripheral Blood Mononuclear Cell Isolation and Cell Cul-
ture

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from fresh heparinized samples by Ficoll-Hypaque
density gradient (Amersham Pharmacia Biotech, Sweden).
Briefly, peripheral blood samples were layered over the
Ficoll-Hypaque gradient. The tubes were centrifuged for
20 min at 490 × g, and isolated PBMCs were distributed
at approximately 2 × 106 cells/well in 6-well plate in RPMI-
1640 medium with 5% fetal bovine serum (FBS) and 1% peni-
cillin/streptomycin (Gibco, USA) at 37°C in a humidified in-
cubator with 5% CO2 for 48 h in the two groups of treated
with berberine (CAS number: 633-65-8; Sigma-Aldrich, USA)
at 25µM concentration (according to the previous studies)
(16, 17) and untreated (as control group).

3.3. RNA Extraction, cDNA Synthesis, and qRT-PCR

Treated and untreated PBMCs were lysed in TRIzol (In-
vitrogen, USA) for total RNA extraction according to the
manufacturer’s instruction. The quality and quantity of
the extracted RNA were assessed by gel electrophoresis
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and Nano-Drop instrument (Thermo Scientific, USA), re-
spectively. Ten micrograms of total RNA were reverse tran-
scribed to cDNA using the high capacity cDNA reverse kit
(Thermo Scientific, USA). Real time q-PCR amplification
was performed using the SYBR Green Master Mix (Ampil-
icon, Denmark) using the real-time PCR detection system
(Applied Biosystems, USA). Moreover, GAPDH was used as
the housekeeping internal control gene. Primer sequences
are listed in Table 2.

Table 2. The Primer Sequences of Apollo and GAPDH Genes

Gene Sequences

Apollon

Forward 5’-AGTGCAACGATGTGCCAT -3’

Reverse 5’-GCTAACCAACAGAGAGTA-3’

GAPDH

Forward 5′ -CCGTCTAGAAAAACCTGCC-3′

Reverse 5′ -AGCCAAATTCGTTGTCATACC-3′

3.4. Statistical Analysis

All the statistical calculations were conducted with
Prism version 7.03 (GraphPad Software). After assessment
of normality, un-paired and paired t-test was performed
to detect the significant differences between CLL patients
and healthy donors and between berberine-treated and
untreated groups, respectively.

4. Results

4.1. Classification of the Patients and Their Characteristics

A total of 12 patients and 6 age-matched healthy donors
were enrolled in the study. The mean age of the patients
was 63.8 years (range: 42 - 74 years). Moreover, all the pa-
tients are classified as stage 0 (only lymphocytosis) accord-
ing to the Rai classification of CLL (18).

4.2. The Expression Levels of Apollon in CLL

The expression levels of Apollon gene were assessed in
PBMCs of CLL patients and compared with that of adult
healthy donors using qRT-PCR. No significant difference
was identified in the Apollon expression level of CLL pa-
tients compared with the healthy donors (P = 0.640; Figure
1).

4.3. The Impact of Berberine on the Level of Apollon Expression
in CLL

To assess the effects of berberine on the level of Apol-
lon expression in PBMCs of CLL patients, the mean mRNA
expression levels of Apollon was compared to that in the
control groups by qRT-PCR. Comparative analysis revealed
no significant differences between the berberine-treated
group compared with the untreated group, both in CLL pa-
tients (P = 0.545; Figure 2A) and healthy donors (P = 0.267;
Figure 2B), respectively.

5. Discussion

In this study, we addressed the in vitro effects of berber-
ine on the levels of Apollon gene expression in PBMCs of
CLL patients. Although our results revealed that the ex-
pression level of Apollon was not significantly different in
CLL patients as compared to healthy donors, its tendency
to decrease was clear in CLL patients. Indeed, Apollon is
one of the eight members of IAP family that is heavily in-
volved in the cell cycle regulation and DNA damage re-
pair. The evasion of apoptosis through the dysregulation
of IAPs has been reported to contribute to poor progres-
sion (10). The overexpression of Apollon has been observed
in melanoma, prostate cancer, non-small cell lung cancer,
and colorectal cancer (19).

Chomik et al. have shown that the up-regulation of
Apollon gene expression is seen in advanced stages of CLL
and is related to chemoresistance (20), whereas, in the cur-
rent study, all the CLL patients were stratified in the stage 0
of Rai system. Therefore, it seems that the downregulated
expression of Apollon in CLL patients is related to their dis-
ease stage. However, both upregulation and downregula-
tion of Apollon gene expression were observed in different
tumor types.

Despite the low expression of Apollon in childhood
AML, which was confirmed by Schläfli et al. (21), its upreg-
ulation is associated with unfavorable clinical outcomes
and the high-proliferative feature of leukemic blasts (9).
Breberine, as an isoquinoline quaternary alkaloid, exerts
its anti-tumor activity in various human cancers mainly
through interference with DNA replication, induction of
the G1 phase cell cycle arrest, activation of autophagy, in-
hibition of tumor metastasis, and angiogenesis (22). This
herbal derivative appears to be able to promote apoptosis
through the inhibition of IAPs. In this context, Pandey et
al. demonstrated that berberine can target survivin and
STAT3 in gastric cancer cells (23). In this study, we assessed
the effect of berberine on the level of Apollon expression in
CLL patients and healthy donors. We found no significant
differences between berberine-treated cells and untreated
cells, both in CLL patients and healthy donors.

Trends in Med Sci. 2021; 1(2):e115983. 3
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Figure 1. The expression level of Apollon in CLL patients and healthy donors. The Apollon levels of peripheral blood mononuclear cells of chronic lymphocytic leukemia (CLL)
patients and healthy donors were measured using qRT-PCR. No significant difference was identified in the Apollon expression levels of CLL patients compared with the healthy
donors (P = 0.640). Data are presented as mean ± SEM (ns = no significant).

One of the hallmarks of CLL is the overexpression of
anti-apoptotic Bcl-2 protein (24). However, berberine may
trigger the intrinsic pathway of apoptosis through the
downregulation of Bcl-2 by releasing cytochrome c in the
mitochondrial membrane, and subsequently, the activa-
tion of caspase-9 besides activating caspases-8 and caspase-
9 (25, 26). Moreover, based on the previous studies, berber-
ine is able to significantly decrease Bcl-2/Bax ratio and up-
regulate Fas/Fas ligand and p53 in tumor cells (27). This
suggests that the ability of berberine to induce apoptosis
in CLL is primarily dependent on the reduction of Bcl-2 ex-
pression, not Apollon.

5.1. Conclusion

In sum, our findings revealed that berberine has no sig-
nificant impact on the expression of Apollon gene in CLL
patients compared with healthy donors. However, further
investigations are warranted to assess the exact effect of
berberine on other IAPs.
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Figure 2. Apollon gene expression upon treatment with berberine in chronic lymphocytic leukemia patients and healthy donors peripheral blood mononuclear cells were
cultured by 25µM berberine treatment for 48 hours compared with the untreated (control) groups. Subsequently, the Apollon levels were measured using qRT-PCR. Compar-
ative analysis revealed no significant differences between berberine-treated groups and untreated groups, both in chronic lymphocytic leukemia patients (P = 0.545, Figure
2A) and healthy donors (P = 0.267; Figure 2B), respectively. Data are presented as mean ± SEM (ns= no significant).

Footnotes

Authors’ Contribution: Study concept and design, P.K;
Acquisition of data, H. J and M.P; Analysis and interpreta-
tion of data, N.G and M. H; Drafting of the manuscript, N.G
and M. H; Critical revision of the manuscript for important
intellectual content, P.K; Statistical analysis, N.G and M. H;
Administrative, technical, and material support, P.K; Study
supervision, P.K.

Conflict of Interests: None to declare.

Ethical Approval: The study was approved by the
Ethics Committee of Semnan University of Medical Sci-
ences (IR.SEMUMS.REC.1394.174).

Funding/Support: This work was supported by a grant
from Semnan University of Medical Sciences (no.967).

Informed Consent: Written informed consent was ob-
tained.

References

1. Koohi F, Salehiniya H, Shamlou R, Eslami S, Ghojogh ZM, Kor Y, et
al. Leukemia in Iran: Epidemiology and morphology trends. Asian
Pac J Cancer Prev. 2015;16(17):7759–63. doi: 10.7314/apjcp.2015.16.17.7759.
[PubMed: 26625794].

2. Hallek M. Chronic lymphocytic leukemia: 2020 update on diagnosis,
risk stratification and treatment. Am J Hematol. 2019;94(11):1266–87.
doi: 10.1002/ajh.25595. [PubMed: 31364186].

3. Andreeff M, Darzynkiewicz Z, Sharpless TK, Clarkson BD, Melamed
MR. Discrimination of human leukemia subtypes by flow cytometric
analysis of cellular DNA and RNA. Blood. 1980;55(2):282–93. [PubMed:
6928106].

4. Jewell AP. Role of apoptosis in the pathogenesis of B-cell chronic
lymphocytic leukaemia. Br J Biomed Sci. 2002;59(4):235–8. doi:
10.1080/09674845.2002.11783667. [PubMed: 12572960].

5. Grzybowska-Izydorczyk O, Cebula B, Robak T, Smolewski P. Expres-
sion and prognostic significance of the inhibitor of apoptosis protein
(IAP) family and its antagonists in chronic lymphocytic leukaemia.
Eur J Cancer. 2010;46(4):800–10. doi: 10.1016/j.ejca.2009.11.023.
[PubMed: 20045309].

6. Schwarzenbach H, da Silva AM, Calin G, Pantel K. Data normalization
strategies for microRNA quantification. Clin Chem. 2015;61(11):1333–
42. doi: 10.1373/clinchem.2015.239459. [PubMed: 26408530]. [PubMed
Central: PMC4890630].

7. Liang J, Meng Q, Zhao W, Tong P, Li P, Zhao Y, et al. An expression
based REST signature predicts patient survival and therapeu-
tic response for glioblastoma multiforme. Sci Rep. 2016;6:34556.
doi: 10.1038/srep34556. [PubMed: 27698411]. [PubMed Central:
PMC5048293].

8. Qiu XB, Goldberg AL. The membrane-associated inhibitor of apopto-
sis protein, BRUCE/Apollon, antagonizes both the precursor and ma-
ture forms of Smac and caspase-9. J Biol Chem. 2005;280(1):174–82. doi:
10.1074/jbc.M411430200. [PubMed: 15507451].

9. Ismail EA, Mahmoud HM, Tawfik LM, Habashy DM, Adly AA, El-
Sherif NH, et al. BIRC6/Apollon gene expression in childhood acute
leukemia: Impact on therapeutic response and prognosis. Eur
J Haematol. 2012;88(2):118–27. doi: 10.1111/j.1600-0609.2011.01734.x.
[PubMed: 22085301].

10. Liang J, Zhao W, Tong P, Li P, Zhao Y, Li H, et al. Comprehensive
molecular characterization of inhibitors of apoptosis proteins (IAPs)
for therapeutic targeting in cancer. BMC Med Genomics. 2020;13(1):7.

Trends in Med Sci. 2021; 1(2):e115983. 5

http://dx.doi.org/10.7314/apjcp.2015.16.17.7759
http://www.ncbi.nlm.nih.gov/pubmed/26625794
http://dx.doi.org/10.1002/ajh.25595
http://www.ncbi.nlm.nih.gov/pubmed/31364186
http://www.ncbi.nlm.nih.gov/pubmed/6928106
http://dx.doi.org/10.1080/09674845.2002.11783667
http://www.ncbi.nlm.nih.gov/pubmed/12572960
http://dx.doi.org/10.1016/j.ejca.2009.11.023
http://www.ncbi.nlm.nih.gov/pubmed/20045309
http://dx.doi.org/10.1373/clinchem.2015.239459
http://www.ncbi.nlm.nih.gov/pubmed/26408530
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4890630
http://dx.doi.org/10.1038/srep34556
http://www.ncbi.nlm.nih.gov/pubmed/27698411
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5048293
http://dx.doi.org/10.1074/jbc.M411430200
http://www.ncbi.nlm.nih.gov/pubmed/15507451
http://dx.doi.org/10.1111/j.1600-0609.2011.01734.x
http://www.ncbi.nlm.nih.gov/pubmed/22085301


Uncorrected Proof

Ghanizade N et al.

doi: 10.1186/s12920-020-0661-x. [PubMed: 31964418]. [PubMed Central:
PMC6975060].

11. Zhao Y, Jing Z, Lv J, Zhang Z, Lin J, Cao X, et al. Berberine acti-
vates caspase-9/cytochrome c-mediated apoptosis to suppress triple-
negative breast cancer cells in vitro and in vivo. Biomed Pharmacother.
2017;95:18–24. doi: 10.1016/j.biopha.2017.08.045. [PubMed: 28826092].

12. Yip NK, Ho WS. Berberine induces apoptosis via the mitochon-
drial pathway in liver cancer cells. Oncol Rep. 2013;30(3):1107–12. doi:
10.3892/or.2013.2543. [PubMed: 23784371].

13. Gugiatti E, Ravera S, Ciccone E, Darzynkiewicz Z, Fais F, Bruno
S. Berberine downturns B-cell chronic lymphocytic leukaemia
metabolism and cell cycle progression. Ital J Anat Embryol. 2018:115.

14. Ravera S, Ghiotto F, Tenca C, Gugiatti E, Santamaria S, Ledda B,
et al. Berberine affects mitochondrial activity and cell growth
of leukemic cells from chronic lymphocytic leukemia patients.
Sci Rep. 2020;10(1):16519. doi: 10.1038/s41598-020-73594-z. [PubMed:
33020573]. [PubMed Central: PMC7536443].

15. Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F, Dighiero G,
Dohner H, et al. Guidelines for the diagnosis and treatment of chronic
lymphocytic leukemia: A report from the International Workshop
on Chronic Lymphocytic Leukemia updating the National Cancer
Institute-Working group 1996 guidelines. Blood. 2008;111(12):5446–
56. doi: 10.1182/blood-2007-06-093906. [PubMed: 18216293]. [PubMed
Central: PMC2972576].

16. Barzegar E, Fouladdel S, Movahhed TK, Atashpour S, Ghahremani
MH, Ostad SN, et al. Effects of berberine on proliferation, cell cycle
distribution and apoptosis of human breast cancer T47D and MCF7
cell lines. Iran J Basic Med Sci. 2015;18(4):334–42. [PubMed: 26019795].
[PubMed Central: PMC4439447].

17. Mohammadlou M, Abdollahi M, Hemati M, Baharlou R, Doulabi EM,
Pashaei M, et al. Apoptotic effect of berberine via Bcl-2, ROR1, and
mir-21 in patients with B-chronic lymphocytic leukemia. Phytother Res.
2021;35(4):2025–33. doi: 10.1002/ptr.6945. [PubMed: 33174291].

18. Rai KR, Gupta N. Staging of chronic lymphocytic leukemia. In: Faguet
GB, editor. Chronic lymphocytic leukemia: Molecular genetics, biology, di-
agnosis, and management. New Jersey, USA: Humana Press; 2004. p.
193–9.

19. Makuch-Kocka A, Kocki J, Brzozowska A, Bogucki J, Kolodziej P,
Plachno BJ, et al. The BIRC family genes expression in patients
with triple negative breast cancer. Int J Mol Sci. 2021;22(4). doi:

10.3390/ijms22041820. [PubMed: 33673050]. [PubMed Central:
PMC7918547].

20. Chomik P, Gil-Kulik P, Filas M, Wojcieszek A, Wilinski M, Karwat
J, et al. The expression BIRC6 gene in patients with chronic lym-
phocytic leukemia – A preliminary study. Curr Issues Pharm Med Sci.
2014;27(3):179–82. doi: 10.1515/cipms-2015-0011.

21. Schlafli AM, Torbett BE, Fey MF, Tschan MP. BIRC6 (APOLLON) is
down-regulated in acute myeloid leukemia and its knockdown at-
tenuates neutrophil differentiation. Exp Hematol Oncol. 2012;1(1):25.
doi: 10.1186/2162-3619-1-25. [PubMed: 23211188]. [PubMed Central:
PMC3514096].

22. Wang Y, Liu Y, Du X, Ma H, Yao J. The anti-cancer mechanisms
of berberine: A review. Cancer Manag Res. 2020;12:695–702. doi:
10.2147/CMAR.S242329. [PubMed: 32099466]. [PubMed Central:
PMC6996556].

23. Pandey A, Vishnoi K, Mahata S, Tripathi SC, Misra SP, Misra V, et
al. Berberine and curcumin target survivin and STAT3 in gas-
tric cancer cells and synergize actions of standard chemother-
apeutic 5-fluorouracil. Nutr Cancer. 2015;67(8):1293–304. doi:
10.1080/01635581.2015.1085581. [PubMed: 26492225].

24. Majid A, Tsoulakis O, Walewska R, Gesk S, Siebert R, Kennedy DB, et al.
BCL2 expression in chronic lymphocytic leukemia: lack of association
with the BCL2 938A>C promoter single nucleotide polymorphism.
Blood. 2008;111(2):874–7. doi: 10.1182/blood-2007-07-098681. [PubMed:
17959858].

25. Okubo S, Uto T, Goto A, Tanaka H, Nishioku T, Yamada K, et al.
Berberine induces apoptotic cell death via activation of caspase-3
and -8 in HL-60 human leukemia cells: Nuclear localization and
structure-activity relationships. Am J Chin Med. 2017;45(7):1497–511.
doi: 10.1142/S0192415X17500811. [PubMed: 29025293].

26. Kim R, Tanabe K, Uchida Y, Emi M, Inoue H, Toge T. Current status
of the molecular mechanisms of anticancer drug-induced apoptosis.
The contribution of molecular-level analysis to cancer chemotherapy.
Cancer Chemother Pharmacol. 2002;50(5):343–52. doi: 10.1007/s00280-
002-0522-7. [PubMed: 12439591].

27. Wang HY, Yu HZ, Huang SM, Zheng YL. p53, Bcl-2 and cox-2 are involved
in berberine hydrochloride-induced apoptosis of HeLa229 cells. Mol
Med Rep. 2016;14(4):3855–61. doi: 10.3892/mmr.2016.5696. [PubMed:
27601129].

6 Trends in Med Sci. 2021; 1(2):e115983.

http://dx.doi.org/10.1186/s12920-020-0661-x
http://www.ncbi.nlm.nih.gov/pubmed/31964418
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6975060
http://dx.doi.org/10.1016/j.biopha.2017.08.045
http://www.ncbi.nlm.nih.gov/pubmed/28826092
http://dx.doi.org/10.3892/or.2013.2543
http://www.ncbi.nlm.nih.gov/pubmed/23784371
http://dx.doi.org/10.1038/s41598-020-73594-z
http://www.ncbi.nlm.nih.gov/pubmed/33020573
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7536443
http://dx.doi.org/10.1182/blood-2007-06-093906
http://www.ncbi.nlm.nih.gov/pubmed/18216293
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2972576
http://www.ncbi.nlm.nih.gov/pubmed/26019795
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4439447
http://dx.doi.org/10.1002/ptr.6945
http://www.ncbi.nlm.nih.gov/pubmed/33174291
http://dx.doi.org/10.3390/ijms22041820
http://www.ncbi.nlm.nih.gov/pubmed/33673050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7918547
http://dx.doi.org/10.1515/cipms-2015-0011
http://dx.doi.org/10.1186/2162-3619-1-25
http://www.ncbi.nlm.nih.gov/pubmed/23211188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514096
http://dx.doi.org/10.2147/CMAR.S242329
http://www.ncbi.nlm.nih.gov/pubmed/32099466
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6996556
http://dx.doi.org/10.1080/01635581.2015.1085581
http://www.ncbi.nlm.nih.gov/pubmed/26492225
http://dx.doi.org/10.1182/blood-2007-07-098681
http://www.ncbi.nlm.nih.gov/pubmed/17959858
http://dx.doi.org/10.1142/S0192415X17500811
http://www.ncbi.nlm.nih.gov/pubmed/29025293
http://dx.doi.org/10.1007/s00280-002-0522-7
http://dx.doi.org/10.1007/s00280-002-0522-7
http://www.ncbi.nlm.nih.gov/pubmed/12439591
http://dx.doi.org/10.3892/mmr.2016.5696
http://www.ncbi.nlm.nih.gov/pubmed/27601129

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Subjects
	Table 1

	3.2. Peripheral Blood Mononuclear Cell Isolation and Cell Culture
	3.3. RNA Extraction, cDNA Synthesis, and qRT-PCR
	Table 2

	3.4. Statistical Analysis

	4. Results
	4.1. Classification of the Patients and Their Characteristics
	4.2. The Expression Levels of Apollon in CLL
	Figure 1

	4.3. The Impact of Berberine on the Level of Apollon Expression in CLL
	Figure 2


	5. Discussion
	5.1. Conclusion

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

