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Background: Glucocorticoids are important components of a number of chemotherapeutic regimens used to treat pediatric
acute lymphoblastic leukemia (ALL). A primary cause of treatment failure of ALL is acquired resistance to glu-
cocorticoids. Recently, traditional Chinese medicines were effectively used to treat solid tumors. Thus, the aim
of this study was to investigate whether Huai Qi Huang (HQH), a traditional Chinese medicine, increased the
efficacy of glucocorticoids in the treatment of ALL, and if so, to determine the underlying mechanism.

Material/Methods: Various concentrations of HQH were used to treat Jurkat and Nalm-6 cells for 24 to 72 hours. Subsequently, cells
were co-treated with HQH and the glucocorticoid receptor agonist, dexamethasone (DEX), or a MEK inhibitor
(PD98059) to verify the synergistic effects on apoptosis in Jurkat and Nalm-6 cells for 24 hours. Cell Counting
Kit-8 assay and flow cytometry were used to measure cell viability and apoptosis, respectively. Protein and
mRNA expression levels were assessed using western blotting and quantitative polymerase chain reaction.
Results: The results revealed that cell survival was reduced and apoptosis was increased as the HQH concentration was
increased, and this was accompanied with increases in the levels of BAX, cleaved-caspase-3 and glucocorti-
coid receptor o (GRa) and decreases in the levels of Bcl-2 and phospho-ERK (pERK). Glucocorticoid receptor
(GRB) and total ERK (t-ERK) had no significant changes. Combined treatment with HQH and DEX or PD98059 in-
creased apoptosis in Jurkat and Nalm-6 cells, and concurrently increased BAX, cleaved-caspase-3, GILZ, NFKBIA,
and GRa and decreased Bcl-2 and pERK.

Conclusions: HQH enhanced the sensitivity of ALL cells to glucocorticoids by increasing the expression of GRa and inhibit-

ing the MEK/ERK pathway, thus providing a rational foundation for the treatment of ALL with HQH.

MeSH Keywords: Apoptosis ¢ MAP Kinase Kinase Kinases ¢ MAP Kinase Signaling System e
Medicine, Chinese Traditional ¢ Precursor Cell Lymphoblastic Leukemia-Lymphoma e

Receptors, Glucocorticoid

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/921649

%3093 Eﬂl MEIS %60

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e921649-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




LAB/IN VITRO RESEARCH

Background

Precursor B- or T-cell acute lymphoblastic leukemia (B-ALL or
T-ALL) is a malignant hematopoietic disease that has differ-
ent outcomes and prognosis. T-ALL accounts for 12% to 15%
of new ALL cases in children and has a poorer prognosis than
B-ALL [1]. The survival rates of pediatric patients with ALL has
significantly improved in recent years, with advances in che-
motherapy. However, overall, cancer causes the main death
in children in the United States due to a relatively high rate
of relapse (~20%) and a poor prognosis following relapse [2].
Glucocorticoids are important for successfully treating ALL be-
cause of their ability to promote differentiation and apopto-
sis [3]. Glucocorticoids rapidly reduce the burden on ALL tumor
without suppressing the bone marrow. [4]. However, certain
patients with ALL develop resistance to glucocorticoid ago-
nists [5-7]. Therefore, there is an urgent requirement to de-
velop novel drugs to reverse resistance or improve sensitivity
to chemotherapy [8-10]. Plants are likely to be a source of anti-
cancer drugs [11]. Different components in botanicals may not
only have synergistic activities, but also buffer the toxic ef-
fects of therapeutics with a single constituent [12]. China has
a rich history regarding the use of traditional Chinese med-
icines (TCMs) for various diseases and there are an increas-
ing number of studies demonstrating their efficacy for treat-
ing patients with cancer. Huaier is the primary ingredient of
Huang Qi Huai (HQH), which includes Trametes robiniophila Murr
(Huaier), polygonatum, and Chinese wolfberry fruit. Huaier has
been used in TCM for ~1600 years [13]. Studies have shown
that Huaier extract exhibits anti-tumor effects in a number of
solid tumors [14-22], and according to recent reports, HQH in-
duces apoptosis in ALL cells [23]. However, whether HQH ex-
hibits a synergistic effect with glucocorticoids when used to
treat ALL remains unknown. Therefore, this study aimed to
explore the effects of HQH as a potential treatment for ALL,
whether HQH could accentuate the effects of glucocorticoids
and determine the underlying mechanism.

Material and Methods

Cell lines and reagents

Jurkat and Nalm-6 cells were purchased from ATCC. HQH
electuary was a kind gift from Qidong Gaitianli Medicine Co.,
Ltd. To prepare HQH for use, 1 g electuary ointment was dis-
solved in 1 mL 0.9% sodium chloride solution. The solution
was filter sterilized with a 0.22 um filter and stored at —20°C.
Dexamethasone (DEX) was purchased from TCI Shanghai
Development Co., Ltd. and PD98059 (cat. no. A1663) was ob-
tained from APEXBIO Technology LLC., and dissolved in ethanol
or dimethyl sulfoxide (DMSO), respectively. Cell Counting Kit-8
(CCK-8) (Dojindo Molecular Technologies, Inc.) and Annexin
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V-fluorescein isothiocyanate (FITC)/propidium iodide (Pl) apop-
tosis detection kit (BD Biosciences) were obtained to detect cell
proliferation and apoptosis, respectively. To perform reverse
transcription-quantitative polymerase chain reaction (RT-qPCR),
RNAiso Plus, PrimeScript RT Master mix and TB Green Premix
Ex Taqg were purchased from Takara Bio Inc. Antibodies against
ERK (cat. no. 4695T), phosphor-ERK (pERK; cat. no. 4370T),
Bax (cat. no. 5023T), Bcl-2 (cat. no. 4223T), cleaved-caspase-3
(cleaved at Asp175; cat. no. 9579T), B-Actin (cat. no. 4970T),
histone H3 (cat. no. 4499T) and horseradish peroxidase (HRP)-
conjugated sheep anti-rabbit secondary antibody (cat. no.
7074P2) were all purchased from Cell Signaling Technology,
Inc. Antibodies against GRa. (cat. no. ab3580) and GRp (cat.
no. ab3581) were obtained from Abcam. Concentrated normal
goat serum (Boster, AR1009) and goat anti-rabbit fluorescein
(Cy3) conjugated secondary antibody (Boster, BA1032) were
purchased from Wuhan, China. Triton X-100 (Beyotime, ST795)
and 4,6-diamidino-2-phenylindole (DAPI) (Beyotime, C1002)
were purchased from Shanghai, China. Enhanced chemilumi-
nescence (ECL) Plus substrate was purchased from Beyotime
Institute of Biotechnology.

Cell culture

RPMI-1640 medium was mixed with 10% fetal bovine se-
rum (FBS), 100 U/mL penicillin and 100 pg/mL streptomy-
cin (Hangzhou). Then both Nalm-6 and Jurkat cells were cul-
tured with the mixed medium at 37°Cin a 5% CO, humidified
atmosphere.

Cell viability assay

A CCK-8 assay was used to assess the effects of HQH on the
proliferation of Jurkat and Nalm-6 leukemia cells. Briefly, cells
in the exponential growth phase were seeded in a 96-well
plate at 100 pL/well (3x10* to 5x10* cells/mL) and 3 wells
were used per group. After incubation for 4 hours, cells were
cultured with various concentrations of HQH (1, 5, 10, and
20 mg/mL) for 24, 48, or 72 hours or different concentrations
(1, 10, 100, 500, and 1000 umol/L) of DEX for 24 hours. A to-
tal of 10 pL of CCK-8 solution was added to each well follow-
ing treatment with HQH and cells were incubated for a further
4 hours. The WST-8(2-(2- methoxy-4- nitrophenyl)-3-(4- nitro-
phenyl)-5-(2,4- disulfonyl benzene)-2 h-tetrazolium monoso-
dium salt) formazan product was detected by the microplate
reader (Tecan Group, Ltd.) at 490 nm. The following formula
was used to calculate the viability ratio of ALL cells. Viability
ratio=[(absorbance of experimental group—absorbance of blank
group)/(absorbance of untreated group—absorbance of blank
group)]x100% [23]. Each experiment was repeated for 3 times.
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Table 1. Primer sequences.

H-GRa

"""" Forward  CTATGCATGAAGTGGTTGAAMA
"""" Reverse  TTTCAGCTAACATCTCGGG
CHGAPDH
"""" Forward  GAAGCTTGTCATCAATGGAAAT
"""" Reverse  TGATGACCCTTTTGGCTCCC
WGz
"""" Forward  CAGTGAGCAACTTTCGGCAG
"""" Reverse  CATGGTCTGGTCGATGTTGC
CMNEKBIA
"""" Forward  CCACTCCATCCTGAAGGCTAC
"""" Reverse  CCTGAGCATTGACATCAGCAC
Apoptosis

1x10° cells in the logarithmic growth phase were seeded in
a well in a 6-well plate and treated with HQH (0, 1, 5, 10, or
20 mg/mL). The cells were collected after 24 hours of treat-
ment, washed twice with cold phosphate-buffered saline (PBS)
and resuspended with binding buffer to form a final concentra-
tion of 1x10° cells/100 pL containing 5 ug/mL FITC Annexin V
and 5 pg/mL PI. Cells were cultured without light at room tem-
perature. 15 minutes later, each reaction tube was added with
400 pL of binding buffer. Apoptosis of cells was analyzed with
a FACScan™ flow cytometer (BD Biosciences).

RT-qPCR

After treatment with DEX, HQH or a combination of DEX and
HQH for 24 hours, total RNA was extracted from Nalm-6 and
Jurkat cells using RNAiso Plus, according to the manufactur-
er’s protocol. Total RNA samples were reversely transcribed to
cDNA using PrimeScript RT Master mix. gPCR was performed
on a StepOnePlus Real-Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.) using TB Green Premix Ex Tag. PCR
products were analyzed using StepOne Software version 2.3.
Specific primers were purchased from HyCell Biotechnology
and the sequences are listed in Table 1. Relative gene expres-
sion differences were calculated using the 2722 method and
normalized to GAPDH.

Western blot analysis

Cells in the logarithmic growth phase were seeded into 6-well
plates with DEX, HQH or a co-treatment of DEX and HQH for
24 hours. Following treatment, cells were harvested, washed
with PBS and lysed in lysis buffer (Beyotime Institute of
Biotechnology). Bicinchoninic acid assay kit (Biosharp) was used
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to determine protein concentration following the manufacturer’s
protocol. Samples were boiled for 10 minutes at 95°C and then al-
lowed to cool to room temperature. The same amount of protein
(30-50 pg/lane) was loaded on a 10% SDS-PAGE gel (Beyotime
Institute of Biotechnology) and subsequently transferred to a
PVDF membrane (EMD Millipore). Membranes were blocked in
5% nonfat milk and incubated at 4°C overnight with a primary
antibody against GRa, GRp, pERK, total ERK, BAX, Bcl-2, cleaved-
caspase-3, B-actin or histone H3 (all used at 1: 1000 dilution), and
subsequently incubated with the appropriate HRP-conjugated
secondary antibody (1: 5000). Immunoreactive bands were vi-
sualized using ECL and imaged using a UVP Biospectrum 600
(UVP LLC). The loading control was B-actin.

Immunofluorescence

After co-culture for 24 hours with 4.3 mg/mL HQH for Jurkat
cells and 1.5 mg/mL HQH for Nalm-6 cells, cells were centri-
fuged, removed from the medium, and then fixed with 4%
paraformaldehyde. ALL cells were washed for 3 times, smeared
and permeated with 0.5% Triton x-100 for 20 minutes at room
temperature. ALL cells were blocked with normal goat serum
at room temperature for 30 minutes, and then incubated
with 1: 100 GRa overnight at 4°C. ALL cells were washed for
3 times and incubated with fluorescein conjugated goat anti-
rabbit IgG (1: 100) in the dark at 37°C for 1 hour followed by
incubation with DAPI out of light for 5 minutes. A fluorescent
microscope (Olympus, BX53) was used to view the results.

Statistical analysis

Data was expressed as the meantstandard deviation, and ex-
periments were repeated for 3 times. Statistical comparisons
were performed in GraphPad Prism version 7.0 (GraphPad
Software, Inc.). Differences in the drug response were ana-
lyzed using a Student’s t-test and a one-way ANOVA. P<0.05
was statistically significant.

Results

HQH accentuated the inhibitory effects of DEX on cell
proliferation in ALL cells

To determine the potential of HQH to decrease the viability of
ALL cells, human T-ALL cell line (i.e., Jurkat) and human B-ALL
cell line (i.e., Nalm 6) [24] were cultured with various concen-
trations of HQH ointment (1, 5, 10, and 20 mg/mL) for 24, 48,
and 72 hours to determine the most appropriate treatment
concentration and time, and a CCK-8 assay was used to de-
termine cell viability. As shown in Figure 1, 24 hours was the
most suitable time for HQH to inhibit the cell proliferation of
both Jurkat (Figure 1A) and Nalm-6 (Figure 1B) cells, and the
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Figure 1. HQH enhances the effects of DEX-induced decrease in cell viability. Increasing concentrations of HQH decreased cell
viability of Jurkat (A) and Nalm-6 (B) cells. Cell viability of Jurkat (C) and Nalm-6 (D) cells was shown treated with
different concentrations of DEX for 24 hours. Jurkat (E) and Nalm-6 cells (F) were co-cultured with 100 pmol/L DEX and
4.3 mg/mL HQH for Jurkat cells and 1.5 mg/mL HQH for Nalm-6 cells for 24 hours. *** P<0.001. HQH — Huai Qi Huang;

DEX - dexamethasone.

IC50 was 4.3 mg/mL and 1.5 mg/mL for Jurkat and Nalm-6
cells, respectively. To determine the effects of DEX on the vi-
ability of ALL cells, different concentrations (1, 10, 100, 500,
and 1000 pmol/L) of DEX were used to treat Jurkat (Figure 1C)
and Nalm-6 (Figure 1D) cells for 24 hours. A minimum concen-
tration of 100 pmol/L DEX significantly inhibited cell growth
in both cells. However, further increasing DEX concentration

did not notably decrease viability further compared with
100 umol/L. To determine the effects of combination of HQH
and DEX on cell viability, cells were treated with 100 pmol/L
DEX and 4.3 mg/mL HQH for Jurkat cells and 1.5 mg/mL HQH
for Nalm-6 cells for 24 hours. The results showed that HQH
accentuated the effects of DEX on both Jurkat (Figure 1E) and
Nalm-6 cells (Figure 1F). (P<0.001).
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Figure 2. HQH enhances DEX-induced apoptosis in Jurkat and Nalm-6 cells. Flow cytometry dot-plots were shown for Jurkat (A) and

Nalm-6 (B) cells cultured with various concentrations of HQH for 24 hours. Bar graphs were shown for quantification of
apoptosis for Jurkat (C) and Nalm-6 (D) cells cultured with various concentrations of HQH for 24 hours. A co-treatment
of 100 pmol/L DEX and 4.3 mg/mL HQH for Jurkat cells (E) and 1.5 mg/mL HQH for Nalm-6 cells (F) was performed,

and the apoptosis bar graphs were right adjacent to the dot-plots. ** P<0.01, *** P<0.001. HQH — Huai Qi Huang;

DEX — dexamethasone; FITC — fluorescein isothiocyanate; Pl — propidium iodide.
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Figure 3. HQH promotes apoptosis of ALL cells by upregulating GRo. and downregulating pERK. BAX and cleaved-caspase-3 were
upregulated and Bcl-2 was downregulated in both Jurkat (A) and Nalm-6 (B) cells. Additionally, HQH increased apoptosis by
upregulating GRo. and downregulating pERK levels in Jurkat (C) and Nalm-6 (D) cells. The loading control was B-actin.

HQH — Huai Qi Huang; ALL — acute lymphoblastic leukemia; pERK — phospho-ERK; GR — glucocorticoid receptor; t-ERK — total ERK.

HQH induced apoptosis in ALL cells

Jurkat and Nalm-6 cells were stained using Annexin V-FITC
and PI. Then apoptosis of ALL was detected by flow cytometry.
Jurkat (Figure 2A) and Nalm-6 (Figure 2B) cells were cultured
with different doses (1, 5, 10, and 20 mg/mL) of HQH for 24
hours. As shown in Figure 2, the increase of apoptotic rate of
ALL cells was dose-dependent in both Jurkat (Figure 2C) and
Nalm cells (Figure 2D).To demonstrate the synergistic pro-apop-
totic effect of HQH and DEX, we performed a co-treatment of
100 pmol/L DEX and 4.3 mg/mL HQH for Jurkat cells (Figure 2E)
and 1.5 mg/mL HQH for Nalm-6 cells (Figure 2F), and the re-
sults showed that combination therapy was more effective
in promoting apoptosis than DEX alone (P<0.01 or P<0.001).

HQH promoted cell death in ALL cells through upregulation
of GRa and downregulation of pERK

To further evaluate HQH-induced apoptosis on ALL cells, vari-
ous concentrations of HQH (1, 5, and 10 mg/mL) were used to
treat cells for 24 hours, and BAX, Bcl-2, and cleaved-caspase-3
were determined by western blotting. The results demonstrat-
ed that BAX and cleaved-caspase-3 were upregulated along
with downregulation of Bcl-2. The results were dose-depen-
dent in Jurkat and Nalm-6 cells (Figure 3A, 3B, respectively).

In order to explore the mechanism of HQH promoting apop-
tosis of ALL cells, we detected changes of GRa, GRp, total ERK
(t-ERK) and pERK using western blotting. HQH increased the
expression of GRa, but not GRp, and the results were dose-
dependent in both Jurkat and Nalm-6 cells (Figure 3C, 3D,
respectively). Meanwhile, pERK expression decreased, where-
as t-ERK expression levels did not change significantly.

HQH increased the sensitivity of ALL cells to DEX

Jurkat and Nalm-6 cells were cultured with 100 pmol/L DEX
alone or combined with 4.3 mg/mL HQH for Jurkat cells and
1.5 mg/mL HQH for Nalm-6 cells for 24 hours. Changes of BAX,
cleaved-caspase-3, Bcl-2, GILZ, NFKBIA, total ERK (t-ERK), pERK
and GRo. were measured using western blotting and RT-qPCR.
As shown in Figures 4 and 5, DEX combined with HQH was more
effective than DEX alone in increasing apoptosis in Jurkat and
Nalm-6 cells as determined by upregulation of BAX, cleaved-
caspase-3 and GRa, and downregulation of Bcl-2 and pERK
(Figures 4A-4D, 5A-5D), although total ERK did not change sig-
nificantly at protein levels (Figure 4C, 4D). These results sug-
gest that HQH significantly augmented the DEX-induced apop-
tosis by upregulation of GRo and downregulation of pERK in
Jurkat and Nalm-6 cells. HQH combined with 100 nM DEX also
increased the lethality of DEX against ALL with upregulation
of BAX, cleaved-caspase-3, Gilz, NFKBIA and GRa, and down-
regulation of Bcl-2 and pERK (Figures 4E, 4F, 5E-5)).
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Figure 4. Co-treatment of cells with DEX and HQH enhances BAX and cleaved-caspase-3 expression and reduces Bcl-2 and pERK
expression. Cells were cultured with 100 pmol/L DEX alone or DEX combined with 4.3 mg/mL HQH for Jurkat cells and
1.5 mg/mL HQH for Nalm-6 cells for 24 hours. We used western blotting to detect protein expression levels of BAX, cleaved-
caspase-3, Bcl-2, t-ERK and pERK in Jurkat (A, €) and Nalm-6 (B, D) cells. 100 nmol/L DEX and the same dose of HQH as
above were used to treat ALL cells for 24 hours, and western blotting was used to detect protein expression levels of BAX,
cleaved-caspase-3, Bcl-2, t-ERK and pERK in Jurkat (E) and Nalm-6 (F) cells. The loading control was B-actin.
DEX — dexamethasone; HQH — Huai Qi Huang; pERK — phospho-ERK; t-ERK — total ERK.

HQH and PD98059 exhibited synergistic effects in
promoting cell death

To determine whether HQH induced apoptosis through the
MEK/ERK pathway, Jurkat and Nalm-6 cells were cultured with
50 umol/L of MEK inhibitor (PD98059) alone or with a co-
treatment of 50 umol/L of PD98059 and 4.3 mg/mL HQH for
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Jurkat cells and 1.5 mg/mL HQH for Nalm-6 cells. Protein ex-
pression levels were determined after treatment for 24 hours.
As shown in Figure 6, co-treatment of PD98059 and HQH en-
hanced the inhibition of MEK/ERK and promoted apoptosis in
Jurkat and Nalm-6 cells compared with PD98059 alone, and
this was accompanied with upregulation in the levels of BAX
and cleaved-caspase-3 and downregulation of Bcl-2 and pERK
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Figure 5. Combined treatment with DEX and HQH is more effective in upregulating GRa. compared with DEX alone. Jurkat (A, C) and
Nalm-6 (B, D) cells were cultured using 100 ymol/L DEX, 4.3 mg/mL HQH for Jurkat cells and 1.5 mg/mL HQH for Nalm-6
cells or DEX combined with HQH for 24 hours. GRo expression at mRNA level (A, B) and protein level (C, D) was measured.
100 nmol/L DEX and the same dose of HQH as above were used to treat Jurkat (E, G, I) and Nalm-6 (F, H, J) cells for 24
hours. The mRNA level of GRa (E, F), NFKBIA and GILZ (1, J) was measured by RT-qPCR and the protein level of GRa (G, H)
was measured by western blotting. f-actin and GAPDH were used as the internal control for western blotting and reverse
transcription-quantitative PCR, respectively. * P<0.05, ** P<0.01, *** P<0.001. HQH - Huai Qi Huang; DEX — dexamethasone;
GR - glucocorticoid receptor; RT-qPCR — reverse transcription-quantitative PCR.
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Figure 6. HQH inhibits ERK phosphorylation through inhibition of MEK in Jurkat and Nalm-6 cells. ALL cells were cultured with
50 pumol/L of the MEK inhibitor PD98059 alone, or combination of 4.3 mg/mL HQH for Jurkat cells and 1.5 mg/mL HQH
for Nalm-6 cells and PD98059 for 24 hours. We used western blotting to detect the proteins of cleaved-caspase 3, BAX
Bcl-2, t-ERK and pERK in Jurkat (A, C) and Nalm-6 (B, D) cells. B-actin was used as the internal control for western blotting.
PD — PD98059; ALL — acute lymphoblastic leukemia; HQH — Huai Qi Huang; pERK — phospho-ERK; t-ERK — total ERK.
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Figure 7. Inhibition of the MEK/ERK pathway enhances GRa expression. ALL cells were cultured with either 50 pmol/L PD98059,
4.3 mg/mL HQH for Jurkat cells and 1.5 mg/mL HQH for Nalm-6 cells or PD98059 combined with HQH. RT-qPCR and western
blotting were used to explore the mRNA and protein expression levels of GRa after treatment for 24 hours, respectively,
in Jurkat (A, C) and Nalm-6 (B, D) cells. B-actin was used as the loading control for western blotting and GAPDH was used
as the internal control for RT-gPCR. * P<0.05, ** P<0.01, *** P<0.001. PD — PD98059; ALL — acute lymphoblastic leukemia;
HQH - Huai Qi Huang; RT-qPCR — reverse transcription-quantitative PCR; GR — glucocorticoid receptor.
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Figure 8. HQH promotes translocation of GRa. Immunofluorescence showed GRa expression in Jurkat cells (A) treated with 4.3 mg/mL
HQH and Nalm-6 cells (C) treated with 1.5 mg/mL HQH and control groups. HQH increased the expression of GRa in the
nucleus and decreased the expression of GRa in the cytoplasm in Jurkat (B) and Nalm-6 cells (D). Western blotting was
used to test the protein expression levels. B-actin and histone H3 were used as the internal control for cytosolic protein and
nuclear protein, respectively. HQH — Huai Qi Huang; DEX — dexamethasone; GR — glucocorticoid receptor.

levels. However, there were no significant changes for total
ERK in protein levels. Pre-treatment of cells with PD98059 pri-
or to treatment with HQH increased GRa expression on mRNA
and protein levels (Figure 7). These results suggest that HQH
promoted apoptosis through downregulation of the MEK/ERK
pathway and upregulation of GRo expression in Jurkat and
Nalm-6 cells.

HQH promoted translocation of glucocorticoid receptor o
in ALL cells

To demonstrate that HQH can promote the transfer of GRa. from
cytoplasm to nucleus, ALL cells were treated with 4.3 mg/mL

HQH for Jurkat cells and 1.5 mg/mL HQH for Nalm-6 cells for
24 hours. Immunofluorescence was used to show the subcel-
lular localization of GRa. Western blotting was used to explore
the GRa of cytoplasm and nucleus. As shown in Figure 8, HQH
promoted the transfer of GRa from the cytoplasm to the nu-
cleus, increased the expression of nuclear GRo and decreased
the expression of cytoplasmic GRo in Jurkat (Figure 8A, 8B)
and Nalm-6 cells (Figure 8C, 8D).
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Discussion

Because of drug resistance, side effects, and the high cost of
traditional western treatments [25], medicinal plants or herbs
have been used as alternative anti-cancer drugs and have at-
tracted attention due to their relatively low toxicity and cost,
and enhanced efficacy in recent years [26-28]. Recently, there
has been increasing evidence demonstrating the anti-cancer ef-
fects of Huaier, such as the anti-proliferative effects, induction
of apoptosis and anti-metastatic effects [13,29-33]. The results
of the present study showed that HQH inhibited the prolifera-
tion and promoted the apoptosis of the Jurkat and Nalm-6 cells.

Apoptosis is the result of interactions between pro-apoptotic
factors and anti-apoptotic factors. When BAX, a pro-apop-
totic protein, is dominant, apoptosis is induced. Otherwise,
Bcl-2 inhibits apoptosis, allowing the cell to continue sur-
viving. Mitochondrial dysfunction and caspase activation are
downstream events during apoptosis of a cell [34]. The final
part of the signaling pathway in an apoptosing cell is the ac-
tivation of caspases. As an effector and executioner caspase,
caspase-3 is activated by caspase-8, and subsequently cleaves
different substrates [35,36]. Zhang et al. [29], Yan et al. [30],
and Zhang et al. [31] showed that Huaier extract promoted
apoptosis, as demonstrated by upregulating BAX and cas-
pase-3 and downregulating Bcl-2. The Bcl-2 expression was
suppressed, and the expression of BAX was upregulated in
MCF-7 cells treated with 4 mg/mL and 8 mg/mL Huaier aque-
ous extract for 48 hours and 72 hours [31]. The results of the
present study showed that HQH also increased apoptosis as
BAX and cleaved-caspase-3 levels were upregulated and Bcl-2
levels were downregulated.

As a widely distributed steroid hormone, glucocorticoids bind
to GRs, which are ubiquitously expressed. GR, which is bound
to and activated by steroid ligands, activates or inhibits glu-
cocorticoid-mediated gene transcription [37,38]. There are 5
known GR isoforms: GRo, GRB, GRy, GRp, and GRA [7]. DEX,
a widely used glucocorticoid agonist, binds to GRa, and regu-
lates cellular functions. GRp, which exists as a negative inhibi-
tor of GRa activity, does not bind glucocorticoids [39]. Several
studies have revealed that increasing GR expression enhanced
the sensitivity of glucocorticoid-resistant ALL cells to glucocor-
ticoids [40-45]. The results of present study showed that HQH
enhanced the expression of GRo, but not GRp in Jurkat and
Nalm-6 cells. The combination of HQH and DEX exhibited syn-
ergistic effects on the upregulation of GRo. compared with DEX
alone and up-regulated Gilz and NFKBIA. Nicholson et al. [46]
reported that upregulation of GILZ and NFKBIA (IxBo gene) in-
creased glucocorticoid sensitivity and inhibited cell prolifera-
tion. Upregulation of NFKBIA induced apoptosis in both LN229
and U87MG cells [47]. Although Riml et al. [48] believed that
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glucocorticoid resistance was caused by GR auto-induction
absence rather than the decrease in basal GR levels in Jurkat
cells, Ledderose et al. [49] and Li et al. [50] reported that sen-
sitivity to glucocorticoids could be promoted by increasing GR,
which was consistent with our opinion.

Glucocorticoid resistance is complex, and there are other mech-
anisms besides the decrease of GR. Poulard et al. [51,52] re-
ported that inhibiting Aurora kinase B (AURKB) or increasing
G9a auto-methylation could enhance sensitivity of glucocor-
ticoid-resistant B-ALL to glucocorticoids therapy. Shi et al. [53]
reported that the NUP98-HOXD13 fusion oncogene could pro-
mote T-ALL.

In ALL and acute myelogenous leukemia (AML), the MEK/ERK
pathway is frequently activated, resulting in proliferation.
Downregulation of ERK activity by MEK/ERK inhibitors induces
apoptosis and inhibits proliferation of ALL cells and primary
AML blasts [54,55]. PD98059, a MEK inhibitor [56], induced a
decrease in blast cell proliferation and an increase in apop-
tosis by reducing the levels of ERK1/2 activity [54,57,58].
Rambal et al. demonstrated that 50 pM PD98059 significantly
inhibited the phosphorylation of ERK, resulting in a decrease
in pERK levels in CEM lymphoblast cells [55]. In the present
study, phosphorylation of ERK was significantly decreased in
cells treated with HQH. Co-treatment of cells with HQH and
PD98059 reduced pERK levels, enhanced GRa levels and ex-
hibited synergistic effects. Except the MEK/ERK pathway, oth-
er pathways have been involved in the apoptosis of leukemia
cells. Bortolozzi et al. [59] revealed that AMPK-mTOR path-
way played an important role in T-ALL cell death. Lv et al. [60]
reported that c-Myc-CDK4/CDK6 axis was important in B-ALL
and T-ALL cell apoptosis.

Conclusions

In summary, the present study is the first study to demonstrate
that combined treatment of HQH with DEX significantly pro-
moted apoptosis of lymphoblastic leukemia cells by upregu-
lating expression of GRa and inhibiting the MEK/ERK pathway
in vitro, to the best of our knowledge. Therefore, HQH may be
used as an adjuvant therapy in patients with ALL.
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