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Abstract
Background/Aim—Zeng Sheng Ping (ZSP) is a traditional herbal remedy used to prevent
progression and growth of neoplastic lesions. It has been shown to inhibit Notch2 expression in a
murine lung cancer model, leading us to investigate its therapeutic potential in Notch-dependent
brain tumors.

Materials and Methods—3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium (MTS), apoptosis, and quantitative real-time polymerase chain
reaction (RT-PCR) analyses were performed in glioma and medulloblastoma cell lines, and
morphological analyses in DAOY flank xenografts.

Results—ZSP inhibited brain tumor growth in vitro, in part by apoptotic induction. Down-
regulation of the Notch2 receptor, the pathway target Hairy/Enhancer of Split homolog 1 (Hes1),
and the stem cell markers Nestin and CD133 was also observed. Reductions in tumor mass and
increases in the necrotic fraction of DAOY xenografts in mice treated with oral ZSP were also
observed, but these were not significant.

Conclusion—ZSP can block brain tumor growth and the expression of Notch pathway members
and stem cell markers in vitro.
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Medulloblastoma and glioblastoma are the most common types of malignant cancer arising
in the central nervous systems (CNS) of children and adults, respectively (1). Mortality is
high, and more effective therapeutic agents are urgently needed. Complementary and
alternative treatments are increasingly being used by oncology patients, but the mechanisms
of action and efficacy of such therapies are often poorly understood. In this study, we focus
on the traditional herbal remedy Zeng Sheng Ping (ZSP, also known as ACAPHA and
antitumor B), for which preliminary preclinical (2, 3) and clinical (4) data have been
published for solid tumors arising outside the CNS.
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ZSP is composed of six herbs (Sophora tonkinensis, Polygonum bistorta, Prunella vulgaris,
Sonchus brachyotus, Dictamnus dasycarpus and Dioscorea bulbifera), and was shown in
different Chinese clinical studies to reduce the progression of histopathologically confirmed
pre-cancerous esophageal squamous dysplasia to carcinoma by 48–52% compared to
placebo (5–7). In a phase III study involving 449 patients with esophageal epithelial
hyperplasia, ZSP reduced the progression of disease from 24.8% to 3.3% (4). ZSP has also
been shown to reduce the incidence of bladder cancer in rat models by 91% over 13 months
(2), and the incidence of oral squamous cell carcinoma in two animal models, as well as
reduce oral lesions in human patients with oral leukoplakia (3). Finally, a 2004 study
performed in the United States found that ZSP blocked progression of lung tumors in a
mouse model harboring a dominant-negative p53 mutation and/or loss of one p16 (Ink4a)
allele (8). Oligonucleotide-array analysis of ZSP-treated and untreated lung lesions
identified expression alterations in members of the Notch pathway, including down-
regulation of the Notch2 receptor in treated carcinomas.

Brain tumors have also been shown to have active Notch signaling, with important roles
played by Notch2 and other pathway members in medulloblastoma and glioblastoma, and
suppression of pathway activity inhibiting tumor proliferation and survival (9–15). Current
therapeutic approaches targeting Notch have focused on inhibiting gamma-secretase
activity, but these can be associated with significant toxicity in the gut and other organs (16).
We therefore sought to determine if ZSP might inhibit the growth of malignant brain tumors.

Materials and Methods
Zeng Sheng Ping

Powdered ZSP/ACAPHA was provided by Global Cancer Strategies Ltd (British Columbia,
Canada). The herbal mixture was analyzed using high performance liquid chromatography
(HPLC) in the Medicinal Chemistry Core at the Johns Hopkins Sidney Kimmel
Comprehensive Cancer Center to determine the concentration of matrine, a major alkaloid
previously identified in ZSP (17). Pure matrine for use as an analytical standard was
obtained from Sigma-Aldrich (St. Louis, MO, USA), and the amount of matrine in the ZSP
used was found to be 0.08%. For cell culture studies, ZSP was extracted in 1 ml sterile
phosphate buffered saline (PBS) per 300 mg of powder at room temperature for 1 h. The
mixture was then centrifuged at 13,000 rpm (15,700 g) for 10 min at 4°C, and the resulting
supernatant sterile-filtered through a 0.22 μm filter. A series of dilutions in cell culture
media (1:2000, 1:1000, 1:500, 1:200 and 1:100) was used for subsequent in vitro
experiments.

Cell lines and in vitro assays
The medulloblastoma cell line DAOY, adherent glioblastoma cell line U87, and
glioblastoma-derived neurosphere lines HSR-GBM1 JHH-GBM10 and JHH-GBM14 were
obtained and cultured as previously described (18). For growth assays, approximately 2×103

viable cells were seeded in each well of a 96-well plate, then assayed in different
concentrations of ZSP using CellTiter (MTS) assays according to manufacturer’s
instructions (Promega, Madison, WI, USA). Growth assays for each line were performed
two to three times, and the growth curves and statistical analyses shown include combined
data from all experimental replicates. Apoptosis assays were performed using the Guava
Annexin V assay kit and GUAVA-PCA flow cytometry system (Millipore, Billerica, MA,
USA) according to the manufacturer’s protocol. Each experiment represents a minimum of
2×103 gated events from each of three wells. RNA was extracted with Qiagen’s RNeasy kit
(Valencia, CA, USA) and gene expression was assayed by RT-PCR analysis performed in
triplicate with SYBR Green reagent (Applied Biosystems, Foster City, CA, USA) on an I-
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Cycler IQ real-time detection system (Bio-Rad, Hercules, CA, USA) as previously described
(18, 19).

Xenograft assays
Flank xenografts were established using 2×105 viable DAOY cells mixed 1:1 with Matrigel
(BD Biosciences) in a total volume of 200 μl injected subcutaneously into each flank of 4-
week-old female nude mice (nu/nu). Animal studies were approved by the Johns Hopkins
University Institutional Animal Care and Use Committee. ZSP powder was suspended at 50
mg/ml in fresh chocolate milk to facilitate voluntary ingestion, and sonicated in a bath
sonicator for 5 min each day prior to use. Mice were assigned randomly in groups of four to
receive oral doses of 0, 50 or 100 mg/kg/day. In the early treatment group, mice received
their first dose of ZSP 2 hours before tumor cells were injected, while mice in the late
treatment group received ZSP beginning 10 days after tumor injection. Estimates of volume
were made using the following formula: width2 × length × 0.52 (20). To calculate areas of
necrosis, whole tumor images were joined using the ‘Photomerge’ algorithm in Adobe
Photoshop CS3 (San Jose, CA, USA) and total and necrotic tumor area were measured using
the histogram function. Mitotic counts in ten random ×400 high powered fields were
performed in each tumor by a pathologist (K.D.R.) masked with respect to the treatment
group.

Statistics
All in vitro experiments were performed in triplicate, and repeated at least twice unless
otherwise noted. GraphPad Prism 5 software (San Diego, CA, USA) was used for all
statistical analyses. Values are graphed as the mean ± standard error (SEM) unless otherwise
noted, and statistical differences were determined using Student’s two-tailed t-test. A p-
value of ≤0.05 was considered significant. The in vivo xenograft experiment was performed
once and statistical differences determined with Student’s two-tailed t-tests and two-way
ANOVA. p-values indicated in the results section were obtained from t-tests. One outlier
that had a difference in tumor volume of more than two standard deviations from the mean
in the early treatment group was omitted.

Results
ZSP slows growth of malignant brain tumor cells in culture

Higher concentrations of ZSP inhibited growth of the medulloblastoma cell line DAOY and
the glioblastoma cell line U87 (Figure 1A and B). MTS assays revealed a statistically
significant growth arrest over three and five days, respectively, in DAOY and U87 adherent
cultures treated with aqueous ZSP extract diluted 1:500, and a less pronounced reduction in
DAOY growth using a 1:1000 dilution. ZSP also slowed the growth of NIH-3T3 cells in
vitro (data not shown), suggesting these effects were not specific to cancer cells in culture,
although previous clinical data have shown that it is safe for consumption by humans (6, 7,
21).

It has been suggested that cancer stem cells play an important role in maintaining long- term
tumor growth, and glioblastoma cultures growth as neurospheres in serum-free media are
often used to assess stem cell phenotype (14, 19, 22–25). We therefore also used ZSP extract
to treat several established glioblastoma neurosphere cultures (18, 26), and found that higher
concentrations of ZSP (1:200 or 1:100 dilution) were required to significantly inhibit the
growth of all three lines tested as compared to adherent brain tumor cells (Figure 1C–E).
This may be due to the known resistance of cancer stem cells to chemotherapeutic agents
(27, 28).
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Microscopic examination of treated cultures revealed increased numbers of dead cells
beginning soon after ZSP extract was added. Figure 2A shows that 4 hours following ZSP
treatment, cell shrinkage began to occur at a 1:500 dilution which was even more
pronounced at the more concentrated 1:200 dilution. To quantify the induction of cell death
by ZSP, treated cells were collected after 24 hours and flow cytometric analysis was
performed. There was a significant, dose-dependent increase in apoptosis of the
medulloblastoma cell line DAOY beginning at a 1:1000 dilution (Figure 2B), and of U87
glioblastoma cells at a 1:1000 dilution (Figure 2C). We observed an even greater induction
of cell death as measured with the viable dye 7-Aminoactinomycin D (7-AAD), a
component of the GUAVA annexin V assay kit, which stains cells that could have died from
either apoptosis or necrosis. This suggests that induction of both apoptotic and non-apoptotic
cell death plays a role in the loss of viable cells in these cultures. In the neurosphere lines
HSR- GBM1 (Figure 2D), JHH-GBM10 (Figure 2E) and JHH-GBM14 (Figure 2F) ZSP did
not induce apoptosis, but the percentage of dead cells increased in a dose-dependent manner
following treatment with ZSP at concentrations which had reduced overall growth.

ZSP inhibits Notch signaling and reduces expression of stem cell markers
Zhang and colleagues (8) previously demonstrated chemopreventive ability of ZSP against
lung tumor in an A/J mouse model harboring a dominant-negative p53 and/or Ink4a/Arf
deletion. In their microarray analysis of the murine tumors, Notch2 was one of the genes that
were significantly down-regulated by ZSP. As brain tumors have previously been shown to
have dysregulated Notch2 activity (29, 30), we examined if ZSP also modulated Notch in
brain tumor cells. The brain tumor cell lines DAOY and U87 were treated with different
concentrations of ZSP for 4 hours [a time-point where cell shrinkage starts to occur (Figure
2A)], and transcript levels of Notch receptors (Notch1 and 2) as well as the pathway’s
downstream effector Hes1 were measured using quantitative PCR. While Notch1 mRNA
was not affected (Figure 3A and B), Notch2 was down-regulated in a dose-dependent
manner in DAOY medulloblastoma cells and at the highest ZSP concentration in U87
glioma cells (Figure 3C and D). The Notch pathway target Hes1 was also reduced in these
cell lines at lower concentrations (Figure 3E and F). DAOY cells treated with ZSP at the
1:500 dilution for 2 days also showed a significant reduction in transcripts of the Notch
target, Hes5 (data not shown).

We have previously shown that notch blockade can affect the expression of genes associated
with stem cell phenotype in malignant brain cancer (14, 15). Therefore, we measured levels
of the stem cell markers nestin and CD133 following ZSP treatment. As shown in Figure
3G, there was a reduction of nestin mRNA transcripts in DAOY following ZSP treatment at
the 1:1000 and 1:500 dilutions. For U87 cells, there was a statistical significant reduction at
the 1:500 dilution (Figure 3H). Similarly, CD133 transcripts were reduced at the 1:500
dilution for both DAOY and U87 cell lines (Figure 3I and J).

ZSP treatment of medulloblastoma xenografts
In order to investigate if ZSP prevents medulloblastoma growth in vivo, we used a DAOY
flank xenograft model in athymic (nude) mice. Two therapeutic paradigms were tested: early
treatment beginning the day of tumor cell injection, and late treatment beginning after flank
tumors had formed. The former was designed to model treatment of minimal residual
disease remaining after conventional surgery and radiation therapy, while the latter reflects
the potential efficacy of ZSP against larger tumor masses. In the early treatment trial, the
growth in mean tumor volume over 9 weeks was progressively reduced by 45% and 60%
using 50 and 100 mg/kg/day doses of oral ZSP (Figure 4A), but these reductions were not
statistically significant (p=0.19 and p=0.12, respectively). No reduction in growth was noted
when treatment was initiated in larger tumors over 8 weeks (Figure 4B). All tumors were
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formalin fixed, paraffin embedded and examined microscopically by two pathologists after
animals were sacrificed. The xenografts were primitive, embryonal lesions with extensive
mitotic activity and variably sized regions of necrosis (Figure 4C). Interestingly, in both the
early and late treatment groups, a 34% to 87% increase in the amount of tumor necrosis was
noted. A decrease in the mitotic count per high-powered field of up to 22% was also noted
in animals receiving ZSP (Figure 4D–G). However, neither of these changes was
statistically significant.

Discussion
ZSP is a traditional Chinese herbal medicine. Preliminary preclinical (2, 3) and clinical (4)
studies from China suggest that ZSP may be effective in preventing progression of
precancerous lesions in the upper aerodigestive tract. Through these clinical studies, ZSP
has accumulated a long history of safety in several thousand users over more than 25 years.
A phase II clinical trial by British Columbia Cancer Agency and National Cancer Institute is
currently investigating the ability of ZSP in preventing lung cancer in former smokers with
bronchial intraepithelial neoplasia (ClinicalTrials.gov identifier: NCT00522197). This was
based in part on preclinical work in a murine lung cancer model in which both tumor growth
and Notch2 expression were inhibited by ZSP (8). However, thus far, there has been no
report on the ability of ZSP to prevent progression of malignant brain cancer, which is also
known to grow in response to Notch2 activation (10, 14). In this study, we sought to
investigate if ZSP is effective in glioblastoma and medulloblastoma cell line models in vitro
and in vivo.

We found that ZSP reduced growth of glioblastoma and medulloblastoma cells via induction
of cell death, partly through apoptotic mechanisms. ZSP was also found to reduce the
expression of Notch2 transcripts as well as the Notch target Hes1 in DAOY (Figure 3C and
E) and U87 (Figure 3D and F) cells, indicating that ZSP can modulate Notch activity in
multiple tumor types. Because Notch has been shown to be an important player in
tumorigenesis through induction of cancer cell proliferation and/or survival [reviewed in
(31)], it is also possible that some of the effects of ZSP on tumor pathobiology are mediated
by Notch blockade. There are several reports supporting a role of Notch in stem-like cancer
cells in glioblastoma (14, 32), as well as breast cancer (33, 34). Blocking the Notch pathway
in embryonal brain tumors was also found to deplete stem-like cells and subsequent
engraftment in mice (15). Targeting the cancer stem-like population via Notch blockade
could thus have significant therapeutic implications (35). Other tumors dependent on Notch
activity might therefore also be tested for sensitivity to ZSP.

While ZSP showed promising in vitro effects on tumor survival and growth, and the size of
xenografts was reduced to some extent with early treatment, the in vivo reductions were not
statistically significant. Increases in the percentage of necrotic xenograft tissue were also not
statistically significant. One potential reason for this is the lower dose of ZSP given to the
animals in our study as compared to the prior report on murine lung cancer (8). We chose
these lower doses as they more closely paralleled those used in human trials. More studies
are necessary before we can prove or refute the effectiveness of ZSP in chemoprevention or
treatment of malignant brain tumors.
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Figure 1.
Zeng Sheng Ping (ZSP) inhibits brain tumor cell growth. ZSP treatment reduced tumor cell
mass as measured by MTS assay in the medulloblastoma cell line DAOY (Figure 1A), as
well as the glioblastoma cell lines U87 (B), HSR-GBM1 (C), JHH-GBM10 (D) and JHH-
GBM14 (E). ***p≤ 0.0001 relative to mock-treated control.
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Figure 2.
ZSP induces apoptotic cell death in a subset of brain tumor cell lines. After adherent
medulloblastoma and glioblastoma cell lines DAOY (A and B) and U87 (C) were subjected
to ZSP treatment, a dose-dependent increase in the percentage of apoptosis was observed. In
the glioblastoma neurosphere lines HSR-GBM1 (D), JHH-GBM10 (E), and JHH-GBM14
(F), the percentage of dead cells increased in a dose-dependent fashion. *p≤0.05, **p≤0.001
and ***p≤0.0001 relative to mock-treated control.

Lim et al. Page 9

Anticancer Res. Author manuscript; available in PMC 2013 February 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
ZSP inhibits Notch signaling and cancer stem-like marker expression in DAOY and U87
cells. Transcript levels of the Notch1 receptor remain unchanged (A and B) while those of
Notch2 receptor were down-regulated following ZSP treatment in DAOY (C) and U87 (D)
cells. Hes1, a Notch downstream target, also showed dose-dependent reductions (E and F).
In addition, transcript levels of stem-like cancer markers, Nestin and CD133, also
demonstrated statistical significant reductions at higher concentrations (G–J). HPRT: hypo-
xanthine phosphoribosyltransferase. *p≤0.05, **p≤0.01 and ***p≤0.0001 relative to the
mock-treated control.
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Figure 4.
ZSP and medulloblastoma xenograft growth. In vivo oral ZSP treatment in nude mice with
flank DAOY xenografts led to a reduction in tumor growth in the early treatment model (A)
but the results were not statistically significant. No growth reduction was seen in the late
treatment model (B). Microscopic examination revealed necrotic areas (*) in the xenografts
(C, left six panels, original magnification ×40), which increased in size with treatment, but
again these changes were not significant (D and E). Mitotic figures were also common (C,
right two panels, arrows. original magnification ×400), but blinded counts showed only a
non-significant reduction in this marker of proliferation (F and G). HPF: High power field;
V: vehicle control
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