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BACKGROUND /AIMS

Humic acid (HA) formed by the decomposition of organic matter is a high-molecular-weight polymer. Humic-derived substances are
potential drugs for human health, and their role in the prevention and treatment of diseases, like diabetes, antiviral, UV-B protective
effect, cancer, and cardiovascular disease, is emphasized in various studies. It has antiulcerogenic, antitumor. Yang et al. demonstrated
that HA exerts an antiproliferative effect and growth inhibition on HL-60 cells through the induction of apoptosis. A study showed that
the antiulcer effect of Shilajit (HAs extracted from Shilajit) samples may be due to antimicrobial, anti-inflammatory, antianxiety, antioxi-
dant, healing, and regenerative effects. The present study aimed to investigate the effects of HA on cultures of the chronic myeloid leu-
kemia cell line in vitro.

MATERIAL and METHODS

We determined the apoptotic effect of HA in K562 cells by using various molecular methods. For cell viability, HA was tested in vitro
against K562 cell lines using the MTT colorimetric process. Bax, bcl-2, casp-3, and casp-? expressions were quantified by Western blot.
Apoptosis analysis has been made with the Annexin-V/ /Pl method.

RESULTS
The ICs values of HA were determined 100 ng mL~" for the K562 cell line. HA has been shown to inhibit cell proliferation. As the bcl-2/
bax ratio decreased and increasing the levels of caspase-3 and caspase-9, the cells underwent apoptosis.

CONCLUSION

As a result, HA showed the anticancer effect on leukemia cells. In the future, HA can be used as a chemopreventive agent in leukemia
treatments.
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INTRODUCTION

Humic acid (HA) formed by the decomposition of organic matter is a high-molecular-weight polymer.”” HA, which has
cation exchange capacity, makes the soil fertile by increasing the mineral forming capacity of the plants. In the literature,
studies are reporting that polyphenol, quinone, and polycarboxylic groups in the structure of humic substances impart
antiulcerogenic, antitumor, and anti-inflammatory effects to the substance.>™ Humic substances are used in traditional
Chinese medicine because of their many pharmacological properties.® The presence of studies emphasizing the role of
humic substances in the prevention and treatment of wound healing, antiviral, cardiovascular diseases, osteoarthritis,
cancer, and inflammation can be regarded as evidence emphasizing that humic substances are potential drugs for
human health.”"'© HA, therefore, has the potential for medical use in cancer treatment.

Chronic myeloid leukemia (CML), a myeloproliferative disease identified by the increased and unregulated increase of
myeloid cells in the bone marrow and accumulation of these cells in the blood. Although white cells work close to
normal in CML patients, their numbers are higher than normal. As this numerical height continues fo increase, leukemia
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begins fo develop in parallel with this increase. Although there
is a lack of data on the global incidence of CML, which seems
to have no relationship with race or ethnicity, which accounts
for 15% of all leukemias worldwide, it is evident that more than
10,000 patients will be affected by CML each year, and this will
cause significant global health burden." In addition to chemo-
therapy, some natural antitumor drugs, such as paclitaxel and
camptothecin, are used in the treatment of CML, which is a dif-
ficult malignant hematological disease to treat’ Due to the
side effects and drug resistance of the drugs used, there is a
continuing need to develop effective natural antitumor drugs
for the treatment of CML.

Recent research has shown that a wide variety of chemothera-
peutic agents provide the initiation of apoptosis. Bcl-2 (inhibi-
tor) and bax (activator) proteins from the family of the bcl-2
associated X members of proteins have a crucial apoptosis
function. The levels of protein inhibitors and activators play a
key role in the apoptotic cycle. The improvement in the
inhibitor-activator-protein ratio is informative regarding apo-
ptosis regulation.* Most anticancer drugs used by apoptosis to
destroy some forms of tumor cells suggest that apoptosis often
plays a function in the death of cancer cells caused by drugs.

Our objective in this research was to examine HA's anticancer
activity in the K562 cell line and to identify possible cell death
pathways that are impaired in vitro. Here, we demonstrate
that HA keeps from proliferation and cause apoptosis in
the human CML cell line K562 at approximately 100 pM
concentrations.

MATERIAL and METHODS

Purification of HA

HA (Sigma-Aldrich Co, Darmstadt, Germany) was acidified with
a pH < 2.0 HCl solution after dissolution in pH > 10 NaOH solution.
After half an hour of centrifugation at 3,000 x g as described by
Schnitzer's,” the procedure was repeated three fimes to obtain
the purest form of HA dissolved in NaOH solution. Prior to the
preparation of stock solutions at 5, 10, 20, 50, and 100 HA pg mL™"
the powdered HA was dissolved with PBS (pH = 7.4).

Cell Culture

The K562 cells (ATCC: CCL-243) were cultured in RPMI 1640
medium (Biochrom, FGI2I5, Berlin, Germany), supplemented
with 0% inactivated fetal bovine serum, |% L-glutamine, and 1%
penicillin-streptomycin  (supplied from Capricorn Scientific,
FBS-IIB, Ebsdorfergrund, Germany; EMD Millipore, K0282, Darm-
stadt, Germany; Biochrom, A22I3; respectively). The cell culture
experiments were performed at 37°C, physiological pH, and in
a 5% CO; humidified atmosphere. Our study was conducted
according to the Helsinki Declaration.

Main Points

o Humic acid (HA) has anticancer activity on chronic mye-
loid leukemia cell line.

o HA helped decrease the bcl-2/bax ratio in K562 cell lines.
e HA helped increase the level of casp-9 in K562 cells.
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Cell Viability Assay

Following 24 hours of incubation, proliferation and viability
measurement of K562 cells against HA at a concentration of
5-100 pg mL™" was evaluated by the cell proliferation kit |
(MTT) (Roche 11465007001). 96-well culture dishes were seeded
with K562 cells containing about 5 x 10° cells well and cultured
in RPMI medium that contains 5, 10, 20, 50, and 100 pg mL~" con-
centrations of active ingredient for 24 hours. Then, | mg mL™
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) solution was used to incubation for 4 hours, at 37°C in 5%
CO; humidified incubator. Experiments were studied in three
replicates. Finally, the formazan absorbance was immediately
measured at 540 nm using UV-spectrophotometer (Synergy H|,
BioTek Instruments, Inc, Vermont, USA).

Apoptosis Assay

Before the cells were assayed Tali image-based cytometer,
cells were stained with Annexin V. Annexin-V /Pl cells were
realized as apoptotic cells (Propidium lodide, Molecular Probes
Al0788, and Tali® Apoptosis Kit-Annexin V Alexa Fluor® 488,
respectively). Apoptosis analysis that determined percentages
of the life, death, and apoptotic cells was performed as
described by Mega-Tiber et al'® and using the Tali Image-
Based Cytometer.'®

Mitochondrial Membrane Potential Assay

Moreover, apoptosis was also investigated by examining prob-
able changes in the mitochondrial membrane. This assay dete-
rioration in the initial stage of apoptosis was assessed by the
change in the permeability of the membrane. To determine
probable changes in the mitochondrial membrane using the
JC-I (ablI3850) probe, cells were washed with PBS, and JC
solution was added, finally analyzed using a fluorescent micro-
plate reader filter. The ratio of green fluorescence from low
AYM to red fluorescence apoptotic cells from healthy cells with
high AyM was calculated using multimode microplate readers
with correct filters.

Western Blot Assay

Cells (5.0 x 10° cells mL™") were composed with | x radio-
immune-precipitation assay buffer containing protease inhibi-
tor cocktail (Cat no: 11873580001; Sigma-Aldrich). According to
established in the literature, the cells were prepared, loaded on
the gel, and transferred onto nitrocellulose-membranes.®” The
membranes were blocked with bovine serum albumin, incu-
bated primary antibodies [caspase-3 (casp-3, 1:200), casp-9
(1:2200), bcl-2 (1:2200), bax (1:100), and p-actin (1:200); Santa Cruz,
CA, USA] for | hour and incubated with secondary anfibody for
12 hours. Beta-actin was used as a housekeeping standard.
Finally, the membranes were analyzed using a free software
program (Bio-Rad Molecular Analyst, reached from www.to-
tallab.com). Molecular weights were for f-actin (was used for
standardization in all membranes), casp-3, casp-9, bcl-2, and
bax; 43, 20, 46, 26, and 23 kDq, respectively.

Data Analysis

For statistical analysis, GraphPad software (Prism 3.0; Graph-
Pad Software, San Diego, CA, USA) was used. All data
were expressed means * standard error. The groups of data
were analyzed by one-way analysis of variance followed by
Bonferroni multiple comparison post hoc tests. P values less
than .05 were considered as a statistically significant
difference.
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Figure I. The evaluation of the antiproliferative effects of humic acid

using the MTT assay at 24 hours in K562 cells (n = 3, triplicate)
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Figure 2. Apoptotic cells were evaluated using the Tali apoptosis kit

in K562 cell lines (n = 3)

RESULTS

The Cytotoxic Effect of HA on K562 Cells

Cell proliferation and decreased viability are inhibited by 24-
hour treatment of K562 cells with HA. MTT assay was used to
determine the cytotoxic effect. Also, cell viabilities were
handled after trypan blue staining using a TALI image-based
cytometer. After 24 hours of incubation, the treatment of K562
cells with HA was determined by the MTT method, in which
the viability of the cells was dose-dependent and the cell pro-
liferation was suppressed (Figure ). Cell proliferation was
inhibited by treatment of K562 cells with HA for 24 hours, in
particular, it was found that cell proliferation 25% decreased in
100 pg mL~" of HA (Figure 2).

The Evaluation of Apoptosis and Membrane Potential Assay
When quantifying annexin V /Pl staining, the number of apo-
ptotic cells at 100 ug mL™" a dosage of HA was found to be 10%
of the total cell population. It was reached to 15% at the max
concentration of HA (100 ug mL™"). When analyzed with JC-I
assay, the obtained apoptotic cell values are the same with a
16% decrease in cell proliferation (Figure 3).
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Figure 4. Representative images of western blotting experiments
used fo determine bcl-2 (=26 kDa), bax (= 23 kDa), casp-3 (=~ 20
kDa), casp-9 (= 46 kDa), and B-actin (= 43 kDa) expressions' levels
(n = 3, duplicate)

Immunoblotting Assay

The bax/bcl-2 ratio is a clear calculation of the permanent
apoptosis. Representative images of western blotting experi-
ments used to determine bcl-2/bax ratio and casp-3 and casp-
9 expression levels are shown in Figure 4. As the amount of HA
added increased, there was a minor upregulation in the bax/
bcl-2 ratio, but this was only evident at 50 and 100 ug mL™' (P <
.05, and P < .00l for bcl-2; P < .0l, and P < .00l for bax, Table I).
At high concentration (50 and 100 ug mL™") of HA, casp-9 level
increased significantly (P < .00l for both concentration),
whereas at low concentrations such as 10 pg mL™" and 20 ug
mL™", casp-9 level decreased (Table I). Regardless of the low
concentration of HA, it was determined that casp-3 was
increased only in the highest concentration of HA (100 pg mL™")
(P < .05, Table I).

DISCUSSION

Although there is information in the literature on the pharmaco-
logical properties of HA and the inhibition of the growth of cer-
tain types of cancer cells, such as A549 and human acute
promyelocytic leukemia cell line (HL-60), its effect on the
growth of different tumor cells, such as K562, and the underly-
ing mechanisms are not fully elucidated. We examined the
effect of HA against the K562 cell line and showed that HA
inhibited the increase of K562 cells at concentrations greater
than 20 pg mL™". After 24 hours of treatment, 100 pg mL™" a
dosage of HA to K562 cells was 2| ug mL™". This result shows
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TABLE I. The Expression Levels of bcl-2, bax, casp-3, and casp-9 after HA Treatment in K562 Cells. For Each Group n = 3 and the Analyses were

Performed as Duplicate

Relative density of Control 5pgmL™ 10 pg mL™ 20 pgmL™' 50 pg mL™" 100 pg mL™'
Bcl-2 0.66 = 0.02 0.64 = 0.04 0.6l = 0.04 052 = 0.09 0.48 + 0.04* 0.41 = 0.04*
Bax 0.42 = 0.03 0.43 = 00! 0.48 = 0.03 0.55 + 0.04 0.77 = 0.12%* 0.8l = 0.02%*
Bax/bcl2 0.64 0.67 0.79 1.06 1.60 1.98
Casp-3 0.22 + 0.05 023 + 0.02 026 = 0.03 029 * 0.02 0.34 = 0.03 0.38 = 0.01*
Casp-9 028 = 0.0l 029 + 0.02 0.33 = 0.06 035+ 0.03 0.48 £ 0.07%* 0.56 = 0.03***

*P < .05,

**P < 0l and

***P < .00l, represents comparison with control group.

Casp-3 and casp-9: caspase-3 and caspase-?; HA: humic acid.

that HA significantly inhibits the proliferation of K562 cells in a
dose-dependent manner. Moreover, our study showed that 100
ng mL~" HA induces apoptosis in K562 cells by increasing the
expressions of proapoptotic proteins at 24 hours. Apoptosis
research is important both in explaining cancer development
and in developing anticancer therapies. The data obtained
from this study suggest that the inhibitory effect of HA on the
K562 cell line may be due to the induction of apoptosis.

The molecular structure of HA with the current study was mea-
sured apoptosis-related proprotein and antiapoptotic expres-
sion levels in HA-freated K562 cells. We determined the
expression levels of bax/bcl-2 ratio after HA treatment in K562
cells. Bax/bcl-2 ratios were found 0.64 (control), 0.67 (5 pg
mL™"), 0.79 (10 pg mL™"), 1.06 (20 pg mL™"), 1.60 (50 ug mL™", 1.98
(100 ug mL™"), respectively (Table ). BCL-2 gene family proteins
play a role in the regulation of apoptosis.® BCL-2 proteins can
make cancer cells resistant to some chemotherapeutic agents.
Therefore, BCL-2 related antiapoptotic proteins are important
targets in the development of new anticancer agents.” BAX is
proapoptotic protein. BAX protein enables the release of apop-
togenic factors such as cytochrome ¢ activation of the caspase
cascade.”

Bax protein’s role in apoptosis is the opposite, while bcl-2 pro-
tein levels play a role in apoptosis suppression. Our objective
in evaluating the bcl-2/bax ratio and casp-3 and casp-9 levels
was to assess whether the apoptotic effect of HA was induc-
ing or inhibiting in various concentrations on the K562 cell line.
In our results, it was determined that at the 50 and 100 ug mL™'
concentrations, the bcl-2 expression level decreased and the
increase in the bax expression at the same high concentrations
caused a increase in the bax/bcl-2 ratio. Moreover, the results
of our study showed that both casp-3 and casp-9 expressions
increased in the treatment of 100 ug mL~" HA. Raisova et al?
evaluated the change in bcl-2 and bax ratio and emphasized
that the decrease in bcl-2/bax ratio is important for apoptosis.
There are a large number of studies showing that a wide diver-
sity of chemotherapeutic agents cause apoptosis, an active cell
death p(:d‘fem.2 Although there are many in vitro or in vivo stud-
ies of HA related to different cancer cells in the literature, its
relation with cancer remains unclear. HL-60 cell line treatment
using diverse chemotherapeutics is reported to be accompa-
nied by increased cytosolic translocation of cytochrome-c and
activation of casp-3. Incubation of HL-60 cells with HA signifi-
cantly increased bax protein levels. However, the level of bcl-2
is not changed. This result suggests that reducing the level of
bcl-2/bax may cause apoptosis. HA (100 ug mL™")) induction

info HL-60 cells resulted in an increase in casp-3 activity from 4
hours to 24 hours.? Similar to the results in the literature, our
results suggest that HA has an apoptotic effect on K562 cell
lines. Additionally, we investigated the activity of caspase-9;
HA concentrations of 50 and 100 pug mL~" important increases
were analyzed.

The in vitro study results of A549 (adenocarcinoma human
alveolar basal epithelial cells) and SiHA cells (human cervical
cancer cells) are showed that low-dose HA increases the pro-
gression of the lung cancer cells*** Another high-dose HA
research was documented to induce apoptosis via death
receptor activation, mitochondrial and endoplasmic reticulum
stress signaling cascades.** Also, HA has been shown fo pro-
duce reactive oxygen species and leads to the depletion of
glutathione.

In the literature, HA has been reported to induce oxidative
damage, growth retardation, and cell death in human primary
fibroblasts. The administration of a single dose of HA 100 mg
kg™ bw by gastric intubations to mice has been reported to
result in abnormalities in the structure of induction in intestinal
cells. It is reported that HA induces apoptosis in HL-60 and
post-initiated mouse epidermal cells*® Similarly, our study
results showed that a high concentration of HA contributed to
apoptosis of the K562 cells via decreased bcl-2/bax ratio and
increased casp-3 and casp-9 levels.

These findings showed that HA effectively inhibited the prolif-
eration of the K562 cell line and indicated that apoptosis could
be induced by a decrease of the bcl-2/bax ratio and upregula-
tion of casp-3 and casp-9. The results of this study indicate that
in the prevention and treatment of CML, HA may be a potential
for future drug development.

Including the use of humic substances as homeopathic or nutri-
tional supplements, the use as an anticancer agent can be ben-
eficial in the treatment of patients with leukemia.
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