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Background: This study investigated the dual control mechanism of the Shuanghuang
Shengbai granule in modulating the cell cycle in Lewis-bearing mice with cyclophosphamide
induced myelosuppression.

Methods: Thirty Lewis-bearing mice were randomly grouped into an untreated group, control
group, and treated group. Both treated and untreated groups were intraperitoneally injected with
cyclophosphamide to produce a myelosuppression model. Mice in the treated group were fed
with the Shuanghuang Shengbai granule (40 g/day) for 6 consecutive days. Standard blood tests
and the count of bone marrow nuclear cells were performed, and the cell reproductive cycles of
bone marrow and tumors were measured in these mice. In addition, the western blot approach
was used to measure the upstream activating signals of CyclinD-CDK4/6 such as c-Myc and
CDC25A, the upstream suppression signals such as pl 6INK4a, and the expression of downstream
activated signals such as Rb, pRB, and E2F. All of the tested results were validated by reverse
transcription quantitative real-time polymerase chain reaction.

Results: The results showed that the Shuanghuang Shengbai granule could elevate the count
of leukocyte and bone marrow nuclear cells of Lewis-bearing mice with cyclophosphamide
induced myelosuppression. It could also stimulate bone marrow cells to move from G0/G1
phases to S phase, accelerating the progress of the cell reproductive cycle and increasing the
cell proliferation index. Simultaneously, the Shuanghuang Shengbai granule could also suppress
cancer cells moving from G0/G1 phase to S phase, reducing the proliferation index. The tumor
weight of Lewis-bearing mice in the treated group was much less than those of the control group.
Expression levels of c-Myc, CDC25A, Rb, pRb, and E2F of bone marrow in Shuanghuang
Shengbai granule-treated mice was higher compared to the control group, whereas they were
lower in the cancer cells.

Conclusion: The experimental results demonstrate that the Shuanghuang Shengbai granule
has dual control on the cell reproductive cycles in cancer cells and bone marrow nuclear cells
in Lewis-bearing mice.

Keywords: Shuanghuang Shengbai granule, CyclinD-CDK4/6, c-Myc, Rb, pRb, E2F

Introduction

Chemotherapy is one of the primary approaches for cancer treatment. Chemotherapy
destroys cancer cells anywhere in the body, and they kill cells that are extremely active.
Cancer cells are extremely active. However, the fast-dividing cells of the body, such
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as blood cells and the cells lining the mouth, stomach, hair,
and intestines, also account for chemotherapy’s destructive
side effects.! The destruction of normal cells, especially the
hematopoietic stem cells, deteriorate the human immune
system and significantly suppresses bone marrow function,
leading to leucopenia.'

During the chemotherapy-induced myelosuppression
period, the proliferation of bone marrow cells will help
patients recover, and in contrast the proliferation of cancer
cells will accelerate cancer growth and aggravate the
sickness. Currently, the main drug for chemotherapy-induced
myelosuppression is the recombinant human granulocyte
colony-stimulating factor injection (thG-CSF). The thG-CSF
can effectively prevent chemotherapy-induced neutropenia,
and enhances the function of mature neutrophils, which is
vital for the human body’s reactive defense system.!

However, recent studies have shown that rhG-CSF also
accelerates the growth of cancer cells along with the stimulation
of bone marrow to generate blood cells.>* Therefore, many
clinicians have now raised concern about the safety of
rhG-CSF injection. It has become important to develop a
new drug that can promote the proliferation of hematopoietic
stem cells, while simultaneously suppressing the proliferation
of cancer cells. Herbal medicine has been shown to restore
chemotherapy or irradiation-induced myelosuppression
through the stimulation of granulocyte colony-stimulating
factor (G-CSF) secretion. Lycium barbarum polysaccharide
was shown to promote the peripheral blood recovery of
irradiation or chemotherapy-induced myelosuppressive mice,
and the effect was attributed to the result of the stimulation
of peripheral blood mononuclear cells to produce G-CSE*
In addition, Guo et al®* showed that the promotion of Epo and
G-CSF gene expressions in bone marrow could potentially
be one of the mechanisms underlying the blood enriching
function of the Chinese herb, Siwu Tang.

The cell reproductive cycle is a chronological process
that starts from the end of a cell’s last mitosis to the end
of a cell’s current mitosis. A standard cell reproductive
cycle is composed of four consecutive phases: the G1 phase
(Gap 1 phase), S phase (deoxyribonucleic acid (DNA)
synthesis phase); G2 phase (Gap 2 phase); and M phase
(mitosis phase). G1 phase, S phase, and G2 phase together
are also defined as interphase. By going through the
interphase and mitosis phase, a parental cell can complete
the whole proliferation process, generating two offspring
cells with the same genetic material.*®

The key controlling point of the cell reproductive cycle
where proliferation starts is between the G1 and S phases.

The controlling point in mammalian cells is called the
“restriction point,” which decides whether the cells can
go through the G1 phase to the S phase, so as to start
the cell reproductive cycle.” Sub-G1 phase DNA content
is suggestive of apoptosis, which is generally detected
by flow cytometry analysis. Chemotherapeutic agents
like suberoylanilide hydroxamic acid has been shown to
significantly inhibit cell cycle progression (sub-G1 arrest)
and to induce apoptosis in colon cancer cells.!® The whole
control process is strictly regulated by internal/external
signals of the cells. Cell reproduction signals, such as
growth factors, initiate the transaction of multiple genes by
variable signal transaction approaches, driving cells to start
the reproductive cycle.

The classical approach to relate the signals and the cell
restriction point is the signal pathway whose core is CyclinD-
CDK4/6. When growth signal and early response gene
signal reaches the restriction point, the CyclinD expression
increases, and then CyclinD and CDK 4/6 together form
a complex of CyclinD-CDK 4/6, which has an activated
protein kinase, driving the cell cycle to start. In this whole
process, upstream signal c-Myc and CDC25A activate
the CyclinD-CDK4/6, whereas pl6INK4a and p15INKb
suppress CyclinD-CDK 4/6. The integration and separation
of downstream signal Rb and E2F relies on the activated
status of CyclinD-CDK4/6. Therefore, all the molecules on
the signal chain act on each other mutually to decide if the
cell reproductive cycle can pass the G1 phase and move to
next phase (Figure 1).

Professor Zhen-ye Xu from Longhua Hospital, which is
affiliated with Shanghai University of Traditional Chinese
Medicine, developed the Shuanghuang Shengbai granule
by leveraging the yin-yang balance to treat cancer. The new
granule has been applied in clinical treatment and has been
achieving the objectives in cancer patients. From preclinical
trials,!'1 it has been established that the Shuanghuang
Shengbai granule can diminish chemotherapy-induced
myelosuppression and help in the recovery of normal
leukocyte count. The clinical effectiveness has proved to be
reliable and durable. The Shuanghuang Shengbai granule
can stimulate the proliferation of bone marrow cells and it
can act positively on the expression of CyclinD-CDK4/6 in
the bone marrow.

This study was developed based on the results of
previous research, and from the approach of controlling the
CyclinD-CDK4/6 signal pathway. We have previously shown
that the expressions of CDK4, CDK6, and Cyclin D1 in
bone marrow and tumor tissues in the untreated group were
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Figure | Gl to S phase cell cycle transition regulators.
Abbreviations: S, synthesis; GI, Gap .

higher when compared to the control group.'* Compared to
the untreated group and the control group, the expressions
of CDK4, CDK6, and Cyclin D1 were higher in the bone
marrow of the treated group; however, the expressions of
CDK4, CDKG6, and Cyclin D1 in tumor tissues were lower
when compared to the untreated and control groups.'
The current study aimed to further investigate the impact
of the Shuanghuang Shengbai granule on extenuating
chemotherapy-induced myelosuppression, and to argue the
nature of Chinese medicine theory to treat bone marrow
suppression by enhancing kidney function.

Materials and methods

Experimental drug

The Shuanghuang Shengbai granule consists of Astragalus,
Polygonatum, Drynaria, Ligustrum lucidum, Radices
trichosanthis, and Herba epimedii. The drug was manufactured
by Shanglian Pharmaceutical Company (Shanghai Shanglian
Pharmaceutical Co, Ltd, Shanghai, People’s Republic of
China; after being authorized by Professor Xu Zhen-ye) with
a unit weight of 15 g/bag. Cyclophosphamide (CTX) injec-
tion was supplied by Jiangsu Hengrui Medicine Company
(Jiangsu Hengrui Medicine Co, Ltd, Jiangsu, People’s Repub-
lic of China). The drug dosage was based on the previous
research on the Shuanghuang Shen baigranule.''!

Reagents and antibodies

Goat antimouse secondary antibody (c-Myc), goat antirabbit
secondary antibody N-myc, L-myc, pl 6INK4a, Rb, E2F, and
rabbit antigoat secondary antibody (CDC25A, p15INK4b,
and p-Rb) were purchased from Sigma Chemicals (Sigma
Chemicals, Perth, Australia).

Animal model and experimental groups
The setup of the previous experiment used 30 specific pathogen
free C57BL/6J inbred male mice, weighing 18~21 g each,
license number 2009-0003.5 All the mice were purchased
from the Shanghai Experimental Animal Co, Ltd (Shanghai,
People’s Republic of China), and they were raised in the
specific pathogen free-class breeding room in the Shanghai
University of Traditional Chinese Medicine. The Lewis lung
cancer mice were donated from the Shanghai Chest Hospital
(Shanghai, People’s Republic of China).

Lewis carcinoma of lung oncocyte of mice cancer cells were
used for inoculation. These were solid tumor cells with tumor
growth characteristics. According to the standard experimental
process, after 14 days of passaging, the Lewis lung cancer mice
were killed by breaking their necks and they were disinfected
by 75% alcohol. The tumor was peeled off under sterile
conditions. The mice were operated on ice, the necrotic part
was removed, and the tumor tissue was cut into little pieces by
disinfected scissors. A total of 4 mL of saline was added into
a burnisher, and the tumor tissue was ground and filtered. The
number of cells was counted by the cell counting chamber under
microscope; the tumor cells were adjusted to 1 x 107 cells/L,
inoculated into the left armpit of C57BL/6 J mice by a | mL
syringe, at a dose of 0.2 mL per mouse.

When the tumor in the mouse became palpable, mice with
similar tumor sizes were selected and randomly segmented
into either an untreated group, a control group, or a treated
group with ten mice in each group. Each group, kept in
separate cages, was medicated separately, and drug dose was
decided as per previous research and methods.'®

The control group and treated groups were injected with
intraperitoneal CTX (2 mL per mouse). These two groups
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represented the myelosuppression model. The untreated
group was intraperitoneally injected with normal saline
(2 mL per mouse, once a day for 3 consecutive days). Mice
in the treated group were fed with the Shuanghuang Shengbai
granule (0.4 mL/day, which equals to 40 g of the raw drug)
immediately after intraperitoneal injection. For evaluation,
mice in the untreated group and control group were fed with
normal saline (0.4 mL/day, once a day for 6 consecutive days).
After administration of the medication, blood samples were
collected through the tail vein of the mice on days 1, 4, and
6 from all three groups. On the last day, and 2 hours after
feeding, the eyeball of every mouse in all three groups was
taken to collect blood samples, and all the mice were killed
by breaking their necks. After killing, the bilateral femur
and tibia of each mouse was quickly collected under sterile
conditions for further study.

The bone marrow suppression model of Lewis-bearing
mice is as follows: Lewis-bearing mice similar in weight and
tumor size were selected after 14 days of tumor passaging,
and they were intraperitoneally injected with 0.01 g/L of
CTX, or 0.2 mL/day, which was equal to 100 mg/kg/day,
The mice were injected for 3 consecutive days to prepare
the model.

Leukocyte and bone marrow

nucleated cel counting

The leukocyte and bone marrow nuclear cell (BMNC)
counts were done by the automatic blood cell analyzer and
microscopic cell counting plate, respectively.

Measurement of cell reproductive

cycle progress and the cell proliferation
index (PI)

Tumor and bone marrow was collected and made into a
single cell suspension separately, then the cell number was
adjusted to 1 x 10%/L fixed by 95% ethanol. Propidium iodide
staining was used to dye the cells. The process of the cell
reproductive cycle was monitored by flow cytometry cases,
and the recorded data was used to calculate the proportion
of cells at GO/G1 phase and PI. PI was calculated using the
formula:

PI = (S+G2M)/(GO/G1+S+G2M) x 100% (1)

Total ribonucleic acid was isolated from the cells by acid
guanidiniumthiocyanate—phenol—chloroform extraction.
Reverse transcription was carried out on 1 ug of total
ribonucleic acid for 1 hour at 42°C using oligo-dT primers

and Moloney Murine Leukemia Virus reverse transcriptase,
according to the vendor’s instruction (Shanghai Biotech
Company, Shanghai, People’s Republic of China). Polymerase
chainreaction (PCR) with Taqg DNA polymerase was performed
for 29 cycles for c-Myc, 30 cycles for CDC25A, 28 cycles
for pl16INK4a, 29 cycles for Rb, 31 cycles for pRb, and
28 cycles for E2F using the following protocol: 95°C for
60 seconds, 95°C for 10 seconds, and 60°C for 30 seconds.
The PCRs were carried out using primers for c-Myc (sense
primer: 5-TCTCCATCCTATGTTGCGGTC-3’; antisense
primer: 5-TCCAAGTAACTCGGTCATCATCT-3"), for
the CDC25A (sense primer: 5-CCGATTCAGGTTTCT
GTCTAG-3’; antisense primer: 5'-GAGGTGAAAGGT
GTCGTGGT-3’), for the pl6INK4a (sense primer:
5’-CATCTGGAGCAGCATGGAGTC-3’; antisense primer:
5’-CGTTGCCCATCATCATCACCT-3"), for the Rb (sense
primer: 5-ACAACCCAGCAGTGCGTTATC-3’; antisense
primer: 5’-ACCAGGTCATCTTCCATCTGT-3"), for the
pRb (sense primer: 5-TCACCCAGGACACCACCATG-3;
antisense primer: 5-TCCCTGAGAACCTCCCTGTG-3),
or for the E2F (sense primer: 5-CTCGACTCCTCG
CAGATCG-3’; antisense primer: 5-GATCCAGCCTC
CGTTTCACC-3).

All PCR products (c-Myc-369 bp; CDC25A-413 bp;
pl16INK4a-217 bp; Rb-371 bp; pRb-511 bp; E2F-217 bp)
were analyzed by electrophoresis in 2% agarose gels. Real
time quantitative PCR (RT-qPCR) was performed in a
StepOnePlus™ Real-Time PCR Systems (Life Technologies,
Carlsbad, CA, USA) in a mixture containing SYBR® Green
PCR Master Mix (SYBR® Green gPCR Kit, Sigma-Aldrich,
St Louis, MO, USA); PCR Core System was obtained from
Applied Biosystems Co (Life Technologies).

Western blotting

Cells were lysed in icecold lysis buffer (phosphate buffered
saline with 1% Triton™ (Sigma-Aldrich Company, St Louis,
MO, USA), 10 pg/mLof phenylmethanesulfonylfluoride,
10 wg/mL of leupeptin, and 10 pg/mL of aprotinin). Samples
were centrifuged for 20 minutes at 8000 g at 4°C and clear
supernatants were collected. A total of 30 pg of protein were
loaded on 12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis followed by overnight electro transfer to
nitrocellulose membrane Protran™ (PerkinElmer, Waltham,
MA, USA). After blocking in 5% nonfat milk for 1 hour at
room temperature, membranes were probed with polyclonal
antibodies against c-Myc, CDC25A, p16INK4a, Rb, pRb,
E2F (Santa Cruz) overnight at 4°C followed by horseradish
peroxidase-linked secondary antibodies (Santa Cruz) for

submit your manuscript

202

Dove

OncoTargets and Therapy 2013:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Shuanghuang Shengbai granule

Table | The count of leukocytes (mean + standard error)

Group First day Fourth day Sixth day
Treated 6.76 £ 1.77 3.40 +0.88*° 3.28+0.73*
Control 6.48 + 1.05 2.86 +0.57° 2.02 +0.70°
Untreated 729 +1.06 6.31 +1.70 587 %137

Notes: *Compared with the control group, P < 0.05; "compared with the untreated
group, P < 0.05.

45 minutes at room temperature. Antibodies were diluted
in Tris-buffered saline with 5% bovine serum albumin.
Visualization was performed using SuperSignal West Pico
Chemiluminescent Substrate according to the vendor’s
protocol (Thermo Fisher Scientific, Waltham, MA, USA).

Statistical analysis

All data were represented by the mean =+ standard error of
at least three independent experiments. Statistical analysis
was performed by one-way analysis of variance, and further
post hoc testing was performed using the statistical software
SPSS 17.0 (IBM Corporation, Armonk, NY, USA); a P-value
of <0.05 was considered to be statistically significant.

Results
Leukocyte and BMNC count

As presented in Table 1, the leukocyte count in each group
on day 1 was similar; however, the leukocyte count in the
treated group on days 4 and 6 was higher than those in the
control group, especially on day 6 (P < 0.05). The results
showed the elevation of the leukocyte count of Lewis-
bearing mice with CTX-induced myelosuppression in the
Shuanghuang Shengbai granule group.

Bone marrow is the primary blood-forming organ; the
count of BMNC is an important indicator of the response of
hematopoietic function of bone marrow cells. The count of
BMNC of Lewis-bearing mice with CTX is much less than
those of the untreated group (P < 0.01) (Table 2), which
explains the likelihood of killing the bone marrow cells by
CTX. The count of BMNC of Lewis-bearing mice with CTX
is much less than those of the untreated group (P < 0.01),

Table 2 The count of BMNC (mean * standard error)

Group Number BMNC (x107 per
of tests femur)

Treated 10 0.80 + 0.08*

Control 10 0.56 £ 0.07°

Untreated 10 12808

Notes: :Compared with the control group, P < 0.01; ‘compared with the untreated
group, P < 0.01.
Abbreviation: BMNC, bone marrow nuclear cells.

Table 3 Cell cycle distribution and the Pl of bone marrow cells
(mean = standard error)

Group  GO/GI (%) G2IM(%) S (%) PI(x10")
Treated  53.59+2.18% [523+7.22 31.18+665 4.64+02[
Untreated 61.06+3.57° 1255+372 2639+3.62 3.90 +0.30°
Control  69.83+253 451 +273 2567 +447 3.01 £0.25

Notes: *Compared with the control group, P < 0.05; *compared with the untreated
group, P < 0.05.

Abbreviations: Pl, proliferation index; GO, Gap 0 phase; G|, Gap | phase; G2, Gap
2 phase; M, mitosis phase; S, synthesis phase.

indicating the promotion and proliferation of bone marrow
cells with the Shuanghuang Shengbai granule (Table 2).

Distribution of cells in different phases

of the cell cycle
The cell reproductive cycle is a process of a cell that completes
in one mitosis division. In the G1 phase, the cells are ready to
divide, and this is the critical point in deciding whether a cell
can move to the division phase. The percentage of cells at the
G1 phase is an important indicator for measuring the activity
of cell proliferation; the lower the percentage of cells in the G1
phase compared to other phases in the cell cycle implies active
cell proliferation. The GO/G1 percentage in the treated group
(53.59%) in bone marrow cells was significantly lower than
that of control group (69.83%); PI was found to be significantly
higher—4.64 x 107! in contrast to 3.01 x 107! in the control group
(Table 3). The main hypothesis surrounding this result is that the
bone marrow cells have undergone reactive hyperplasia once
they were seriously damaged by the CTX application.
Uncontrolled proliferation is the core characteristic of
cancer cells. Chemotherapy kills cancer cells mainly by
damaging cell division and proliferation in order to shrink
the tumor. The percentage of cancer cells at the G0/G1
phase in the treated group (51.62%) where chemotherapy
drugs were stopped, but the Shuanghuang Shengbai granule
that was continuously used, was higher than in both the
untreated group (37.13%) and the control group (44.74%)
(Table 4). PI was lowest as well, which indicates that the
proliferation of cancer cells was suppressed in the treated

Table 4 Cell cycle distribution and Pl of cancer cells (mean £
standard error)

Group  GO/GI (%) G2M(%) S (%) PI (x107")
Treated  51.62+3.65% 220+4.64 4253+935 462+ 049
Untreated 37.13+3.72° 531+930 50.11+ 1026 592+ 0.76
Control ~ 4474+240 1.15+363 5164578 5324030

Notes: *Compared with the control group, *P < 0.05; *compared with the untreated
group, P < 0.05.

Abbreviations: Pl proliferation index; GO, Gap 0 phase; G|, Gap | phase; G2, Gap
2 phase; M, mitosis phase; S, synthesis phase.
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Table 5 The effect of the Shuanghuang Shengbai granule on
tumor weight (mean * standard error)

Group Sample (N) Weight of tumor
Treated 10 1.28 £ 0.12*
Control 10 1.30 £ 0.20*
Untreated 10 1.98 £ 0.35

Note: Compared with the control group, P < 0.05.

group (P < 0.05). The percentage of cancer cells at the GO/
G1 phase in the control group was lower than in the untreated
group, whereas PI was increased. The result demonstrates that
the proliferation of cancer cells accelerated after withdrawing
the chemotherapy drug (Table 4).

Tumor weight reduction

This research observed the weight of the tumors in all three
groups. Tumor weight reduction is one of the main indicators
for the success of cancer treatment; the larger the tumor, the
worse the prognosis. The results showed that the treated group
had significantly lower mean tumor weight compared to the
control group (P < 0.05) (Table 5). The results indicated that
the Shuanghuang Shengbai granule had definite suppression
effects on tumor growth.

Expression of upstream
and downstream modulators
of the CyclinD-CDK4/6 signaling pathway

c-Myc and CDC25A are the upstream activating signals of
CyclinD-CDK4/6. The expression of c-Myc and CDC25A in
bone marrow was significantly increased in the treated group
and control group, when compared to the untreated group
(P < 0.05). The expression levels of c-Myc and CDC25A in
bone marrow were also higher in the treated group compared
to the control group (P < 0.05). Expression in cancer cells in
the control group significantly increased, whereas it decreased
in the treatment group (P < 0.05) (Table 6). Western blot
analysis showed similar results (Figures 2 and 3).
pl6INK4a and p15INK4b are the upstream suppression
signals of CyclinD-CDK4/6. RT-qPCR analytical results
showed no statistically significant differences between the

B-actin

c-Myc

CDC25A

Treated Control Untreated

Figure 2 Western blot analysis of c-Myc and CDC25A expression in bone marrow
cells.

Note: Western blot analysis showing the expression of c-Myc and CDC25A in
bone marrow cells for all three experimental groups.

relative expression of pl6INK4a and pl15INK4b among
the three groups, both in the bone marrow and cancer cells
(P < 0.05). Western blot analysis showed similar results
(Table 7; Figures 4 and 5).

Rb, pRb, and E2F are the downstream signals activated by
CyclinD-CDK4/6. The integration and separation usually relies
on the activated status of CyclinD-CDK4/6. From the RT-qPCR
analytical results, the expression of Rb, pRb, and E2F in bone
marrow was significantly higher in the treatment group and
control group compared to the untreated group (P < 0.05).
Also, compared to the control group, the expression in the
treatment group was significantly higher (P < 0.05). In contrast,
the expression of Rb, pRb, and E2F in cancer cells among all
the groups was similar, and there were no statistically significant
differences (P > 0.05). Western blot analysis showed similar
results (Tables 8 and 9; Figures 6 and 7).

Discussion

The present study sheds light on the potential effects of the
Shuanghuang Shengbai granule on the recovery of cancer
patients from myelosuppression, by stimulating the bone
marrow cell reproductive cycle, and by inhibiting the cancer
cell reproductive cycle.

The current Lewis-bearing mice experimental approach
established the dual control ability of the Shuanghuang
Shengbai granule and its effect on CyclinD-CDK4/6’s
upstream (c-Myc, CDC25A) and downstream signals (Rb,
pRb, E2F). The experimental results revealed the increased

Table 6 Relative expression of c-Myc and CD25A in bone marrow and cancer cells (mean + standard error)

Group c-Myc CDC25A

Bone marrow cells Cancer cells Bone marrow cells Cancer cells
Treated 0.359 £ 0.012* 0.174 £ 0.033* 0.544 + 0.046** 0.129 £ 0.031**
Control 0.252 £ 0.01%° 0.367 + 0.0209° 0.372 £ 0.037° 0.375 + 0.045°
Untreated 0.127 £0.012 0.253 £ 0.022 0.289 £ 0.022 0.246 £ 0.028

Notes: *Compared with the control group, P < 0.05; "compared with the untreated group, P < 0.05.
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Figure 3 Western blot analysis of c-Myc and CDC25A expression in cancer cells.
Note: Western blot analysis showing expression of c-Myc and CDC25A in cancer
cells for all three experimental groups.

expression of c-Myc, CDC25A, Rb, pRB, and E2F of the
bone marrow in the Shuanghuang Shengbei granule-treated
mice group, and decreased expression of these proteins in the
cancer cells, explaining the effectiveness of the Shuanghuang
Shengbei granule in controlling myelosuppression. The
cancer growth and myelosuppression indicates an imbalance
in the cell reproductive cycle. Cancer growth represents
an over activated cell cycle, whereas myelosuppression
represents an under activated cell cycle.

The mechanism of the cell reproductive cycle is controlled
by CDK/cyclin, which is composed of the catalytic subunit,
CDK and the regulatory subunit, cyclin. The gene coding for
CDKs are highly conserved from yeasts to human beings.
Mammalian CyclinD1/CDK4 complexes can also stimulate
the growth of the Drosophila cell.'?

CDC25A, a dual-specificity protein phosphatase, is
a member of the CDC25 family of phosphatases. It is
required for the progression of phases from the G1 to the
S phase of the cell cycle. CDC25A removes the inhibitory
phosphorylation incyclin-dependent kinases, such as CDK?2,
CDK4, and CDK®6, and positively regulates the activities of
CDKSs that lead to cell cycle progression. CDC25A also acts
as an apoptosis regulator. The over expression of CDC25A
promotes tumorigenesis, and is frequently observed in
various types of cancer.'®

The proto-oncogene c-Myc encodes a transcription
factor, which plays a critical role in the regulation of cellular
proliferation, differentiation, and apoptosis. It has also
been found to be deregulated in several forms of human

B-actin

p16INK4a

p15INK4b

Treated

Control Untreated

Figure 4 Western blot analysis of pl6INK4a and p15INK4b expression in bone
marrow cells.

Note: Western blot analysis showing the expression of p16INK4a and p | 5INK4b in
bone marrow cells for all three experimental groups.

and experimental tumors. Miliani et al showed that CDK4
is one of the critical downstream genes involved in c-Myc
carcinogenesis. Their results showed that CDK4 inhibition in
K5-Myc transgenic mice resulted in the complete inhibition
of tumor development, suggesting that CDK4 is a critical
mediator of tumor formation induced by deregulated Myc."
Mateyak et al® revealed that c-Myc regulates CyclinD/
CDK4 and CDKS6 activity, but affects cell cycle progression
at multiple independent points. c-Myc-/- cells showed a
12-fold reduction in the activity of CyclinD1/CDK4 and
CDK6 complexes during the GO to S transition.

In 2001, three scientists won the Nobel Prize by
discovering this core control mechanism of the cell
reproductive cycle.?! The integration of CDK4, CDK6, and
CyclinD is necessary to initiate the G1 phase. The expression
of CDK increases with the spilt of hematopoietic cells;
however, the increase of CDK expression has a negative
correlation with the growth of cancer cells.?

Scientists have already observed the over expression of
CyclinD in cancers such as breast cancer and esophageal
cancer, with the expression having a negative correlation with
prognosis.??* In a Lewis mice experiment, mice harboring
defective CyclinD mutant cells were less prone to develop
breast cancer when compared to normal mice. When the
CyclinD defective mice mated with cancer-sensitive mice,
their offspring still had a reduced chance of developing
cancers.” In 2004, the Dana-Farber Cancer Institute (Boston,
MA, USA) tested the mice lacking CyclinDI, D2, and

Table 7 Relative expression of pl6INK4a and pI5INK4b in bone marrow and cancer cells (mean + standard error)

Group pl6INK4a pl5INK4b

Bone marrow cells Cancer cells Bone marrow cells Cancer cells
Treated 0.297 £0.053 0.393£0.017 0.331 £0.026 0.356 £ 0.005
Control 0.375 £ 0.029 0.327 £ 0.052 0.349 £ 0.023 0.264 £ 0.035
Untreated 0.379 £ 0.041 0.351 £0.038 0.287 £ 0.083 0.331 £ 0.057
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Table 9 Relative expression of Rb, pRb, and E2F in tumor cells
B-actin _ (mean * standard error)
Group Rb pRb E2F
p16INK4a _ Treated 0.304 £ 0.053 0.248 £ 0.051 0.257 £ 0.055
Control 0.355 +£0.028 0.295 £ 0.008 0.331 £0.055
015INKdb _ Untreated 0.265 +0.039 0.245 + 0.050 0.253 +0.022

Treated Control Untreated

Figure 5 Western blot analysis of pl6INK4a and pI5INK4b expression in cancer
cells.

Note: Western blot analysis showing the expression of p|6INK4a and p15INK4b in
cancer cells for all three experimental groups.

D3 genes.? The test results showed the formation of normal
embryo cells even after introducing oncogenes to embryo
cells of mice without CyclinD." In contrast, normal mice with
the CyclinD gene were found to be more prone to developing
cancer if their embryo cells were inserted with oncogenes.?® In
addition, with the decrease of cancer susceptibility, all mice
embryos showed abnormal insufficiency of hematopoietic
cells, causing them to be pale, anemic, and finally leading
to death.

According to recent cell cycle research, over activated
CDK/Cyclin causes the growth and development of cancer;
chemotherapy drugs not only suppress the cancer cell’s
reproductive cycle, but also suppress the split and growth
of marrow hematopoietic cells, which finally cause insuf-
ficient expression of CDK/Cyclin in marrow cells and blood
disorders.?” Therefore, it is ideal that a drug used to treat
myelosuppression is required to be able to decrease the
expression of CDK/Cyclin in cancer cells and increase the
expression of CDK/Cyclin in marrow cells.

CyclinD-CDK4/6, and its upstream and downstream
signals, generate a complex network that work together to
control the cell reproductive process. The phosphorylation
of ribosomes release a lot of rested transcription factors,
particularly E2F, and theses transcription factors can
regulate the expression of multiple genes, which in turn
translate into multiple types of proteins required for driving
the cell reproductive cycle.?® The expression of signals in
the signal network whose core is CyclinD-CDK4/6 is the

Table 8 Relative expression of Rb, pRb, and E2F in bone marrow
cells (mean = standard error)

Group Rb pRb E2F

Treated 0.443 £ 0.023** 0.341 +£0.009** 0.359 £ 0.012**
Control 0.368 + 0.009° 0.263 + 0.029° 0.252 £ 0.019°
Untreated 0.249 £ 0.020 0.134 £ 0.031 0.127£0.012

Notes: *Compared with the control group, P < 0.05; *compared with the untreated
group, P < 0.05.

critical adjustment factor of the cell reproductive cycle,”
and of the proliferation and differentiation of bone marrow
hematopoietic cells.?’

Over the past 10 years, many researchers investigated the
application of Chinese medicine to treat myelosuppression
and many “strengthening—body-resistance -purpose”
medicines have been developed.*? A meta-analysis showed
the positive impact of Chinese medicine over Western
medicine.** Chinese medicine not only increases leukocyte
count, but it also helps patients improve their overall quality
of life after chemotherapy. This supports Chinese medicine’s
ability to stimulate bone marrow and induce hematopoiesis,
improving quality of life. Chinese medicine, in addition to
a strengthening body resistance purpose, also helps marrow
stem cells/progenitor cells (or stromal cells) to grow and
initiate blood generation.** >’ These medicines have the ability
to enhance the expression of Cyclin in marrow cells.”’ Earlier
research supports Chinese medicine in treating cancers,
suppressing the growth of cancer cells,’” *! and in decreasing
the expression of CDK/Cyclin in cancer cells.*

All of these investigations signify the dual control nature
of Chinese medicine on cell growth, stimulating different
types of cells to grow in different ways, but at the same time.
On a positive note, Chinese medicine could initiate the growth
of marrow hematopoietic cells, while also suppressing the
growth of cancer cells. The research results are fully aligned

B-actin

Rb

pRb

E2F

Untreated

Control

Treated

Figure 6 Western blot analysis of Rb, pRb, and E2F expression in bone marrow
cells.

Note: Western blot analysis showing the expression of Rb, pRb, and E2F in bone
marrow cells for all three experimental groups.
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Figure 7 Western blot analysis of Rb, pRb, and E2F expression in cancer cells.
Note: Western blot analysis showing the expression of Rb, pRb, and E2F in cancer
cells for all three experimental groups.

with the Chinese medicine theory, which applies an overall
approach to treat disease while focusing on the recovery
balance from Yin and Yang, as well as Qi.*3

According to traditional Chinese medicine, sickness is
caused by the imbalance of Yin and Yang, Qi, and blood in the
human body. The purpose of medication is to restore the bal-
ance by “reducing the surplus and supply of the weakness.”*
Myelosuppression caused by chemotherapy usually has both
“surplus” and a supply of “weakness”-excessive proliferation
of cancer cells and insufficient proliferation of bone marrow
cells. Bone marrow is defined as “marrow” in traditional
Chinese medicine.

Based on the concept of the Yin-Yang balance, the new
granule has been applied in clinical treatment and has
been achieving positive responses in cancer. The function
of the Shuanghuang Shengbai granule focuses on sup-
plying kidney-Qi and generating marrow. Astragalus is
sweet and warm, and it supports the supply of kidney-Qi,
while Polygonatum is mild so as to replenish the kidney-
essence. Furthermore, Ligustrum lucidum can nourish
Yin and blood, while Drynaria can strengthen the bone
and marrow.* These two drugs can facilitate Astragalus
and Polygonatum to enhance their medical impact; there-
fore, these two drugs are called minister drugs.** The four
drugs work mutually to realize the function of supplying
kidney-Qi, replenishing kidney essence, and producing
the marrow.

Traditionally, Chinese herbal medicines in oncology are
based on the principles of strengthening body resistance,
suppressing the proliferation of tumor cells, and promoting
tumor cell apoptosis. Published literature suggests that the
Shuanghuang Shengbai granule significantly increases the
white blood cell count, BMNC, and colony forming unit-spleen
of model mice. The Shuanghuang Shengbai granule helped the

granulocyte and erythrocyte index to recover to a normal level,
and it also helped enhance the proliferation of hematopoietic
cells, while protecting the bone marrow hematopoietic micro
environment from the harm of radiation. In addition, it appears
to have an apparent leukogenic function.** It has also been
shown to offer obvious protecting and treating effects on
chemotherapy-induced bone marrow suppression in patients
with tumors.*’

The Shuanghuang Shengbaigranule could be potentially
administered to cancer patients whose leukocyte count has
been reduced due to chemotherapy, with a dosage of one bag
(15 g) once or twice a day. Potential side effects may include
diarrhea. The Shuanghuang Shengbai granule accelerates
leukocyte production and improves the function of medullary
hematopoiesis, reduces tumor size, suppresses the growth
of tumors, and it has a dual control effect. Further research
in cancer patients is necessary to establish the safety and
efficacy of this immensely potent Chinese herb.
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