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Abstract

Baicalein is a natural flavone that exhibits anticancer properties. Using microarrays we found that
DDIT4 was the highest transcript induced by baicalein in cancer cells. We confirmed in multiple
cancer cell lines large, dose-related expression of DDIT4 by quantitative RT-PCR and
immunoblot, which correlates with growth inhibition. Time course experiments demonstrate that
DDIT4 is rapidly inducible, with high expression maintained for several days /n vitro. Induction of
DDIT4 expression is p53 independent based on evaluation of p53 knockout cells. Since DDIT4 is
known to inhibit mMTORCL activity we confirmed that baicalein suppresses phosphorylation of
mTORCIL targets. Using RNA interference we demonstrate that mTORC1 activity and growth
inhibition by baicalein is attenuated by knockdown of DDIT4. We furthermore demonstrate
suppression of established tumors by baicalein in a mouse model of breast cancer with increased
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DDIT4 expression in the tumors. Finally, we demonstrate that baicalein upregulates DDIT4 and
causes mTORCL and growth inhibition in platinum resistant cancer cells in marked contrast to
platinum chemotherapy treatment. These studies demonstrate that baicalein inhibits mMTORC1
through DDIT4 expression, and may be useful in cancer chemotherapy and chemoprevention.
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1. Introduction

Baicalein is a flavonoid which is an active component of the Traditional Asian Medicine
(TAM) extract Huang Qin, which comes from the root of Scutellaria baicalensis. In TAM,
Huang Qin is used to reduce fever, protect the liver, and treat cancer [1,2]. Interestingly,
baicalein is present in the common herb thyme, and is the active component in the killing of
MRSA bacteria by thyme extract [3]. As a component of Huang Qin, baicalein is found in
many herbal concoctions, including Sho-saiko-to [4], and a drug based on TAM extracts,
PHY906 [5], both of which have been evaluated in clinical trials. Baicalein causes tumor
suppression of cancer cells /n vitroand in vivo. Baicalein has numerous biological effects,
such as the inhibition of 12-lipoxygenase [6-8], anti-oxidant effects [9], cell-cycle inhibition
[10], apoptosis of cancer cells [6,7], and inhibition of invasion and metastases [11].

DNA-Damage-Inducible Transcript 4 (DDIT4), also known as REDD1 and RTP801, is a
cytoplasmic protein originally identified to be transcriptionally upregulated in the setting of
DNA damage [12], but has since been found to be upregulated by multiple forms of cellular
stress, including oxidative stress [12], endoplasmic reticulum stress [13], hypoxia [14], and
starvation [15]. DDIT4 is known to inhibit mTORC1 activity through activation of the
TSC1/2 complex [15], although the precise mechanism for this has not been completely
delineated. Inhibition of mMTORC1 decreases activation of downstream targets by
phosphorylation, including the ribosomal S6 protein kinases (S6K1 and S6K2) which
phosphorylates ribosomal S6, which is believed to be involved in regulating translation and
cell proliferation [15].

We originally identified baicalein as an activator of Interferon Regulatory Factor 1 (IRF1)
using a cell-based screening assay, which is able to cause growth inhibition and tumor
suppression in cancer cells /n vitroand /n vivo [16]. In this current study, we performed
microarray analysis of baicalein-treated cancer cells to identify potential transcriptional
targets for baicalein. We found that only one gene, DD/T4, was expressed over 2-fold at 12h,
and DDIT4 was by far the top transcript at 24h. We further confirmed the marked induction
of DDIT4 transcript and protein in multiple cancer cell lines. We then demonstrated that
DDIT4 expression leads to inhibition of mMTORCL1 activity as seen by decreases in the
phosphorylation of the mTORC1 targets S6K1 and S6, using RNA interference to further
confirm the role of DDIT4 in baicalein-mediated mTOR and growth inhibition. We then
demonstrated that baicalein is able to suppress tumor growth in a xenogeneic model of
breast cancer with marked increase in DDIT4 protein in tumors by immunohistochemistry.
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Finally, we found that baicalein is able to inhibit growth of chemotherapy resistant cancer
cells in correlation with DDIT4 induction and mTOR inhibition.

2. Material and Methods

For microarray analysis, quantitative RT-PCR (QRT-PCR), overexpression of DDIT4, and
knockdown of DDIT4 expression using RNA interference, see Supplementary Methods.

Mice
SCID-Beige mice were from Charles River and maintained in accordance with the
Institutional Animal Care and Use Committee at City of Hope. Tumors were generated as
previously described [17] with further details including treatment and
immunohistochemistry provided in Supplementary Methods.

Cell lines and culture

The human cancer cell lines OVCARS, BT549, Hs578T, AGS, MDA468, and SKBR3 were
from ATCC. HCT116 wild type and HCT116 p53 —/- were provided by L. Zhang with the
permission of B. Vogelstein [18,19]. A2780 and A2780R (isogenic platinum resistant, 20)
were provided by Dr. R. Jove. All cell lines were cultured as described in Supplementary
Methods.

Chemicals and reagents

Baicalein was from Cayman Chemical (Ann Arbor, MI). Baicalin, genistein, cisplatin, and
carboplatin were from Sigma. Antibodies anti-pS6K1, anti-S6K1, anti-pS6, and anti-S6
were from Cell Signaling; anti-DDIT4 was from Protein Technology; and anti-B-actin from
Millipore. FITC—conjugated goat anti-mouse and anti-rabbit 1gG were from Pierce
Biotechnology. The enhanced chemiluminescence substrates were from Thermo Scientific.
Dimethyl sulfoxide (DMSO) was from ATCC.

Western blotting

Cells were treated, lysed, cleared by centrifugation, and immunoblotted as previously
described [16,18].

Cell proliferation assay

Cell proliferation was measured by MTT assay as previously described. MTT conversion to
formazan dye correlates with the number of living cells [16,18].

Statistical analyses

Experiments were carried out in triplicate or more, with /n vitro data presented as mean+SD
and /n vivo data presented as mean+SEM. Statistical comparison of values were made using
2-tailed Student's t test, and statistical significance was considered to be present when
p<0.05.
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3. Results

Microarray analysis demonstrates significant upregulation of DDIT4 transcript in AGS cells

Considering our original studies were performed in the STAT1-deficient cell line AGS [16],
we used the same cell line to perform microarray gene expression profiling to identify the
candidate genes induced by baicalein treatment. We treated AGS cells with baicalein or
carrier control at 20uM in triplicate for 12 or 24h. Total RNA was extracted from each
sample, and mRNA gene expression profiling was performed using the Affymetrix Human
Genome U133 Plus 2.0 array. Microarray data analysis was carried out using Partek
Genomics Suite. The significant differential expressed genes (DEGs, 2-fold plus p<0.05) at
12 and 24h are shown in Table I. DDIT4 is the top transcript at 24h, and is the only gene
with greater than 2-fold expression at 12h.

Confirmation of DDIT4 expression in AGS cells by quantitative RT-PCR and Western
blotting

We then confirmed that baicalein increases DDIT4 mRNA and protein in AGS cells in a
dose related fashion using quantitative RT-PCR (qRT-PCR) and immunoblotting. We first
confirmed that baicalein can eliminate AGS cells in a dose-related fashion using MTT assay
(Figure 1A). By 72h at 80uM the cells are essentially eliminated. We then showed that
baicalein can increase DDIT4 expression as high as 20-fold at 80uM, while the isoflavone
genistein, which has the same molecular formula as baicalein, but a different structure,
shows minimal increase in DDIT4 mRNA expression (Figure 1B). This was also seen by
immunoblotting (Figure 1C).

Baicalein induces DDIT4 expression in breast cancer cell lines

We then evaluated a range of cell lines to include breast cancer cells, including the more
aggressive triple negative and HER2 overexpressing cancers. As seen in Figure 2, baicalein
starts to induce expression of DDIT4 as low as 10uM or lower. The growth inhibitory dose
response of baicalein on MDA468 and SKBR3 have already been published [16], and show
that growth inhibition can be seen with doses of baicalein as low as 1uM over 72h. At 24h,
MDAA468 (Figure 2A) and SKBR3 (Figure 2B) clearly increase DDIT4 expression at 10pM
and higher in a dose related fashion, with genistein, the isomeric control, showing no activity
at all even at the 80uM. We further confirmed the increase in DDIT4 expression in another
triple negative breast cancer cell line Hs578T (Figure 2C), for which the glucuronidated
control of baicalein, baicalin, shows no increased expression of DDIT4 by immunoblot and
no inhibition of growth, while once again baicalein shows marked increase in DDIT4 mRNA
and protein expression that correlates with the growth suppression. The triple negative breast
cancer cell line BT549 showed DDIT4 expression and growth suppression by baicalein in
the single digit uM range (Figure 2D).

Baicalein induces DDIT4 as early as two hours which is sustained for over two days in
vitro

We then performed a time course evaluation of DDIT4 mRNA and protein expression in
MDAA468. As seen in Figure 3A, baicalein induced DDIT4 expression as early as 2h after
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treatment which appeared to be sustained over control for over 2d. As time passed during the
growth of the cells in culture it appears that DDIT4 expression also increased over time, but
clearly baicalein treatment was markedly increased despite this. This was clearly seen both
by gRT-PCR and immunoblotting.

Baicalein induction of DDIT4 is p53-independent

DDIT4 expression has been reported to be p53 dependent [12]. However, we have
previously found that baicalein can induce other p53-dependent proteins in the absence or
mutation of p53, such as p21 and PUMA [16], as we have seen with IRF1 expression [18].
Furthermore, most of the breast cancer cell lines involved in this study are p53 null/mutant.
In order to study this we used the well-studied diploid colon cancer cell line HCT116 and its
associated p53-null derivative HCT116 p53 /-, for which p53 has been deleted by
homologous recombination [19]. HCT116 seemed more resistant to the growth inhibitory
properties of baicalein as seen with the MTT assays (lower panels, Figure 3B and 3C).
Nevertheless, DDIT4 expression was clearly increased in both cell lines by immunoblot and
gRT-PCR in a dose related fashion, with similar increases in the p53-null cells (upper panels,
Figure 3B and 3C).

Baicalein-induced DDIT4 suppresses mTORCL1 activity

DDIT4 is known to inhibit mTORCL activity through activation of the TSC1/2 complex,
although the precise mechanism for this has not been completely delineated [15]. Inhibition
of mMTORC1 decreases activation of downstream targets by phosphorylation, including the
ribosomal S6 protein kinases (S6K1 and S6K2) which phosphorylates ribosomal S6, which
is believed to be involved in regulating translation and cell proliferation [15]. We first
confirmed that DDIT4 in and of itself was able to suppress mTORCZ, based on suppression
of phosphorylation of the mTORCL target S6K1, and further downstream S6. As seen in
Figures 4A and 4B, there was inhibition of phosphorylation with the increase in DDIT4 by
transfection of a vector with constitutive overexpression of tagged DDIT4 in both Hs578T
(Figure 4A) and HCT116 (Figure 4B). Furthermore, DDIT4 overexpression markedly
inhibited the growth of these cells, but this was minimally or not enhanced with baicalein
treatment (right panels Figures 4A and 4B).

We then evaluated the effect of baicalein on phosphorylation of the mTORC1 target S6K1
and the downstream target S6 including the setting of suppression of DDIT4 expression
using DDIT4 siRNA. In order to study this, we used HCT116 and MDA468 cell lines
because these seemed to have the best response in terms of suppression of DDIT4
expression using DDIT4 siRNA. As seen in Figure 4C, baicalein, but not the baicalin
control, increased DDIT4 expression in a dose-related fashion, with suppression of
phosphorylation of both S6K1 and S6 in HCT116 cells. There was no significant change in
the S6K1 or S6 protein which further supports that this was due to suppression of mMTORC1
activity. Furthermore, we used DDIT4 siRNA to knock down DDIT4 expression, and as seen
in Figure 4D, we were able to both knock down the baseline expression of DDIT4 and
prevent an increase in DDIT4 expression in the presence of baicalein, and in so doing, we
found no mTORC1 inhibition by baicalein when DDIT4 was knocked down. This further
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supports that the inhibition of mMTOR was due to the increase in DDIT4 expression. We
found identical results in MDA468 (Figures 4E and 4F).

DDIT4 significantly mediates the inhibition of growth by baicalein in MDA468 cells

We then evaluated the role of the baicalein-induced DDIT4 expression in the growth
inhibition of MDA468 cells. We found that siRNA transfection in the appropriate controlled
setting increased the resistance of cancer cells to baicalein-induced growth suppression over
72h, requiring increased doses of baicalein (that is 40 to 80uM) to achieve significant growth
suppression in control cells (Figure 5B). In order to further knock down the baicalein-
induced DDIT4 expression at high concentrations of baicalein over 72h we performed
SiRNA transfection in bulk selected shRNA expressing MDA468 cells so that even in the
presence of 80uM of baicalein DDIT4 mRNA was suppressed by more than 80% (Figure
5A). In this setting, over 72h, growth suppression was significantly attenuated in the DDIT4
knockdown cells (p<0.0001), implicating DDIT4 as a significant mediator of growth
inhibition by baicalein (Figure 5B).

Baicalein suppresses tumor growth of MDA468 cancer cells without toxicity to the host
and increases DDIT4

We evaluated the ability of baicalein to suppress tumor growth of the triple negative breast
cancer MDA468 tumors in an orthotopic xenogeneic model in SCID-Bg mice. Female
SCID-Bg mice with existing tumors received baicalein injections intraperitoneally (i.p.)
20mg/kg for 5d/wk, or carrier control injections at the same schedule, or carrier control
injections and one dose of cisplatin 5mg/kg i.p. on day 5. As seen in Figure 6A, baicalein
caused suppression of tumor growth similar to cisplatin alone. However, baicalein was
injected 5 times per week with no visible toxicity, while one cisplatin injected mouse died
and most cisplatin mice showed asthenia and piloerection. We furthermore performed
studies of the tumors in baicalein injected mice versus carrier control and found that DDIT4
protein was markedly increased in mice injected with baicalein, both by tumor
immunoblotting, and by immunofluorescent staining (Figures 6B, 6C). Furthermore we
performed immunohistochemistry for the proliferation marker Ki67 of tumors from carrier
control and baicalein treated mice and found that the large majority of tumors from mice
treated with carrier control showed markedly increased Ki67 (in the 70% range, Figure 6D)
versus baicalein treated mice (in the 30% range, Figure 6D). Finally, we also performed
immunohistochemistry for apoptosis by TUNEL staining and found almost no TUNEL
staining in the large majority of control treated tumors while TUNEL staining was found in
most baicalein treated tumors (Figure 6D).

Baicalein suppresses the growth of ovarian cancer cells in correlation with DDIT4
expression and mTOR inhibition, including chemotherapy resistant cells versus platinum
treatment in vitro

We also evaluated the ovarian cancer cell line OVCARS /n vitro and found that ovarian
cancer cells showed a marked response to baicalein with outstanding correlation of DDIT4
expression and mTOR inhibition as reflected by pS6K and pS6 immunoblotting with growth
inhibition by MTT assay (Figure 7A). To further compare baicalein with chemotherapy
treatment we used the /n vitro platinum resistant ovarian cancer cell model, A2780, which is
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platinum chemotherapy sensitive, and the isogenic cell line A2780R, which was derived
from A2780 to be platinum chemotherapy resistant [20]. As seen in Figure 7B, baicalein and
carboplatin both demonstrated marked growth inhibition of the platinum sensitive cancer
cell line A2780 in a dose responsive fashion, but only baicalein was able to markedly inhibit
the platinum resistant cancer cell line A2780R, with carboplatin having no effect at all at
equivalent doses. As seen in Figure 7C baicalein significantly increases DDIT4 expression
and inhibits activation of the mTOR targets S6K1 and S6 in both platinum sensitive and
platinum resistant cell lines. The more terminal MTOR target S6 seems to be particularly
inhibited by baicalein. However, as seen in Figure 7D carboplatin, while markedly
increasing DDIT4 mRNA expression in platinum sensitive cells, does not appreciably
increase DDIT4 mRNA expression in the platinum resistant cells. As seen in the Western
blots DDIT4 protein expression is also markedly increased with inhibition of the mTOR
targets in the platinum sensitive cell line, which is markedly attenuated in the platinum
resistant cells.

4. Discussion

In this study, we have demonstrated that the natural flavone baicalein, an active component
of the TAM root extract, Huang Qin, from Scutellaria baicalensis, causes a marked increase
in DDIT4 expression, and this causes DDIT4 associated inhibition of mTOR activity. This is
seen in a whole range of cancer cells. DDIT4 plays a major role in inhibition of mMTOR
activity but probably plays a partial role in growth inhibition by baicalein on cancer cells,
since near complete inhibition of DDIT4 expression did not completely block the growth
inhibitory effect of baicalein in our RNA interference breast cancer cell line model (Fig.
5B). We have furthermore demonstrated effective tumor suppression by injection of
baicalein 5 days/week, equivalent to a single dose of platinum chemotherapy injection, but
without toxicity. Furthermore, we were able to confirm that DDIT4 expression was high in
the tumors of mice given baicalein. Finally, we have found in a platinum chemotherapy
resistance model /n vitro that not only baicalein, but also carboplatin, increases DDIT4
expression in platinum sensitive ovarian cancer cells, but in platinum resistant ovarian cancer
cells only baicalein significantly increases DDIT4 expression and causes inhibition of
growth.

Recently, it has been reported that DDIT4~/- cells have increased sensitivity to DNA
damage in terms of apoptotic response with respect to doxorubicin and radiation, both /in
vitroand in vivo, in the setting of abnormally increased p53 protein and activity [21]. This
could imply that upregulation of DDIT4 would decrease p53 and make cells less sensitive to
DNA damage and thus chemotherapy and/or radiation. In our cancer cells DDIT4
upregulation clearly appears to result in an anti-tumor response. Our studies were performed
on p53-deficient or mutated cells for which there should not be any significant p53-mediated
responses and may therefore be due to other factors. Clearly DDIT4 expression and mTOR
inhibition results in anti-tumor effects which are multifactorial for which the presence of
wild-type p53 is unlikely to be a factor.

Significant DDIT4 expression by baicalein is seen at concentrations in the low micromolar
range, with dose-dependent increase in DDIT4 transcript and protein and cell growth
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inhibition. We purposely limited our study to concentration levels in the double-digit pM
range or lower, since these concentrations should be pharmacologically achievable /n vivo
based on multiple studies of the pharmacokinetics of flavonoids, including baicalein. Studies
of flavonoids in humans have demonstrated that dietary consumption of foods rich in
flavonoids can result in plasma levels of individual flavonoids in the single-digit uM range.
For example, women who consume varying amounts of flavonoids from soy milk have
plasma genistein levels of 0.8-2.2uM [22]. After repeated injections of baicalein
intraperitoneally into mice at 20mg/kg for five days/week, there was no evidence of toxicity.
Furthermore, baicalein as a component in herbal extracts has been ingested by humans in
multiple human studies and in TAM [1,3,4]. In fact, baicalein is present in thyme and may
be the active component in thyme’s antibacterial effect in herbal concoctions [2]. These
reports support the hypothesis that baicalein may be well-tolerated in humans with plasma
levels comparable to those used in our study if given in pharmacologic doses. Recently,
DDIT4 was reported to mediate mTOR inhibition and cell cycle arrest by metformin in
cancer cells [23]. In that study, while DDIT4 expression and inhibition of mTOR targets was
impressive, the dose given /n vitrowas 1 to 10 mmol/L (i.e. 1,000-10,000uM) or higher.
Metformin is currently being assessed in phase 11 clinical trials against cancer. We would
anticipate similar impressive upregulation of DDIT4 protein and complete suppression of
mMTOR targets with baicalein, but the doses used in our study are much more likely to be
pharmacologically achievable and tolerable.

The determination of the mechanism of enhancement of DDIT4 by baicalein requires further
study. We believe that DDIT4 is upregulated as a stress response induced by baicalein. As
our laboratory originally identified baicalein by HTS for IRF1 activity, it is notable that
IRF1 is well known to be induced as part of the DNA damage response. Baicalein has been
recently reported to induce a DNA damage response which activates polEta, interestingly
along with other known antioxidants such as reservatrol and genistein [24]. Furthermore, it
was reported that there were no significant increase in mutations compared to other
chemotherapeutic agents and it was therefore speculated that these antioxidants could be
used in lieu of chemotherapy for cancer [24]. Treatments such as ionizing radiation have
already been found to increase steady state levels of the IRF1 protein through a concerted
mechanism that includes a decrease in the rate of degradation [25]. For DDIT4, the
mechanism appears to be primarily transcriptional since over 20-fold increases in mMRNA
can be seen in certain settings (Fig. 1). Reactive oxygen species (ROS) mediated stress may
play a role since numerous studies have demonstrated the potential role of ROS in baicalein-
induced cellular effects, including apoptosis [26]; however, we have not found an increase in
ROS in baicalein treated cells (Supplementary Data).

We have linked baicalein with inhibition of the PI3K pathway, in particular mTOR.
Recently, another study has also demonstrated mTOR inhibition by baicalein in cancer cells
via activation of AMPKa [27]. mTOR has been an attractive target for cancer treatment; in
fact the mTOR inhibitor everolimus has recently been FDA approved for use in the treatment
of metastatic breast cancer. Everolimus dosage is limited by oral sores and stomatitis. It is
possible that baicalein, which is present in nature and is even present in the herb thyme [3],
may be able to inhibit mTOR activity with less toxicity, although it is likely to be less
specific than everolimus. There is currently no baicalein available for humans in its pure
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form, although it is available as an ingredient in Scutellaria baicalensis, thyme, Oryxilum
indicum, and other herbal extracts, including the drug, PHY906 [4].

Regardless, there are likely to be multiple off-target effects of baicalein not related to
DDIT4. In our laboratory, baicalein was identified by cell based screening of enhancers of
IRF1 activity [16]. Baicalein has been found to inhibit 12-LOX activity [5-7] as well as
increase the TRAIL receptor DR5 [26]. While DDIT4 clearly stood out by microarray
analysis of baicalein-treated cells, DDIT4 and mTOR inhibition are not likely to be the sole
mediators of /n vitroand /n vivo growth inhibition. Multiple transcriptional targets of IRF1,
such as XAF1, IFI144, and IFI144L are also increased by microarray and may also play a
separate role.

In conclusion, we have demonstrated that baicalein causes a marked induction of DDIT4
that mediates mTOR inhibition and growth inhibition in cancer cells. As a natural product
already found in a common herb (thyme) and TAM, baicalein can clearly be tolerated in
humans, and significant doses do not appear to be toxic in mice. Because of this baicalein
should be an excellent candidate for a clinical trial, not only because it appears to be non-
toxic, but also because as a single component of a TAM, clear mechanistic and outcome
studies should be achievable. While DDIT4 expression is clearly involved in the mechanism
of baicalein’s effects, it may furthermore be used as a biomarker of efficacy in clinical trials
as well.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Baicalein, a natural compound, causes tumor suppression of cancer cells both
in vitroand in vivo.

Baicalein upregulates DD/T74 which inhibits mTOR and mediates growth
inhibition.

Baicalein is effective in chemotherapy resistant cancer cells.
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Figure 1.
Confirmation of DDIT4 expression by quantitative RT-PCR (qRT-PCR) and Western blot. A,

Baicalein can eliminate AGS cells in a dose-dependent manner assessed by MTT assay.
Cells were treated with doses indicated for 72h (n=6, meanSD). B, gRT-PCR for DDIT4
expression in AGS cells. AGS cells were treated with baicalein or genistein at indicated
concentrations or carrier control for 24h. Total RNA was isolated and subjected to qRT-PCR
for DDIT4. Data was normalized to p-Actin. C, Western blotting for DDIT4 expression in
cell lysates. p-Actin was used as loading control.
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Baicalein induces DDIT4 expression in different breast cancer cell lines. A, MDA468 cells
were treated with baicalein or genistein at indicated concentrations or carrier control for 24h.
Total protein was obtained for Western blotting for DDIT4. Densitometry values normalized
to B-actin are below each band. Total RNA was isolated for qRT-PCR for DDIT4. B, SKBR3
cells. C, Hs578T cells were treated with baicalein or baicalin at indicated concentrations or
carrier control. Growth inhibition at 72h was measured by MTT assay in third panel. D,
BT549 cells were treated with baicalein at indicated concentrations or carrier control for 24h
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and total protein was obtained for Western blotting for DDIT4 (inset), with MTT assay for
growth inhibition at 72h. All data are means£SD, n=6.
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Baicalein induction of DDIT4 is sustained and is p53-independent. A, MDA468 cells were
treated with baicalein at 40uM or carrier control for time course as indicated. Total RNA was
isolated and qRT-PCR performed for DDIT4. Total protein was obtained and Western
blotting performed for DDIT4. B, HCT116 wildtype cells were treated with baicalein or
genistein at indicated concentrations or carrier control for 24h. Total RNA isolated and qRT-
PCR for DDIT4 performed. Total protein obtained for Western blotting for DDIT4, and
MTT assay at 72h performed. Densitometry values normalized to B-actin are shown. C,
HCT116 p53-/- cells were treated with baicalein or genistein at indicated concentrations or
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carrier control for 24h. Total RNA isolated and qRT-PCR for DDIT4 performed. Total
protein isolated and Western blotting for DDIT4 performed, with MTT assay of HCT116
P53-/- cells. qRT-PCR and MTT assay data are means+SD, n=6.
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Figure 4.

Baicalein-induced DDIT4 suppresses mTORCL1 activity. A, DDIT4 overexpression in
Hs578T cells suppresses mMTORC1. Hs578T cells with empty vector or DDIT4
overexpression vector were lysed and total protein isolated for Western blotting for DDIT4,
PS6K1, S6K1, PS6, S6, and p-Actin. Results of MTT assay of plated cells for 72h is in right
panel with indicated treatment (means+SD, n=6). B, HCT116 wildtype cells as in A. C,
HCT116 cells were treated with baicalein, baicalin or carrier control for 24h, and were
collected for Western blotting as in A. Densitometry values normalized to B-actin are shown.
D, HCT116 cells were transfected with Control siRNA or DDIT4 siRNA, then treated with
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baicalein at 40uM for 24h with Western blotting as in A. E, MDA468 cells were treated with
baicalein, baicalin or carrier control (C) for 24h, with Western blotting as in A. F, MDA468
cells were transfected with Control siRNA or DDIT4 siRNA, then treated with baicalein at
20uM for 24h with Western blotting as in A.
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Figure 5.

DDIT4 mediates growth inhibition by baicalein in MDA468 cells. A. MDA468 cells

expressing ShRNA against DDIT4 (DDIT4 Knockdown Cel
treated with DDIT4 siRNA or control siRNA as in Fig. 4 fo
expression in the presence of high concentrations of baicale

Is) and Control cells were further
r further eradication of DDIT4
in (40 and 80uM) and subjected

to gRT-PCR for DDIT4. B, MDA468 cells treated as in 5A were assessed by MTT assay at

72h (n=6, meanzSD).
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Figure 6.
Baicalein inhibits MDA468 cancer cell xenografts /n vivo with increased DDIT4 expression

in tumors. A, Baicalein suppresses MDA468 tumors in SCID-Beige mice (n=5 or 6, mean
+SEM). Female SCID-Beige mice with orthotopically injected MDA468 tumors were
injected with baicalein intraperitoneally (i.p.) at 20mg/kg for 5d/wk, or carrier at the same
schedule. One dose of cisplatin was injected on d5 (arrow) at 5mg/kg i.p. *p<0.05 from Day
12 on for baicalein versus control. B, Western blot of total protein from tumors in baicalein
treated mice versus carrier control. C, Immunofluorescent staining of tumor sections from
baicalein versus carrier treated mice. Blue, DAPI; green, DDIT4. D, Immunochistochemistry
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of tumor sections from baicalein versus carrier treated mice. Blue, hematoxylin; brown,
DAB
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Baicalein suppresses ovarian cancer cells in correlation with DDIT4 expression and mTOR
inhibition, including chemotherapy resistant ovarian cancer cellsversus platinum
chemotherapy treatment. A, Ovarian cancer cell line OVCARS treated with baicalein or
control at indicated concentrations were harvested at 24h for immunoblotting for indicated
proteins in upper panel. MTT assay with same treatment at 72h in lower panel (n=6, mean
+SD). B, MTT assay of A2780 and A2780R cells treated with baicalein or carboplatin at
indicated concentrations or carrier control (n=6, mean+SD). C, A2780 and A2780R cells
were treated with baicalein or carrier control for 24h. Total RNA was isolated for gRT-PCR
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and total protein was obtained for Western blot. Densitometry values normalized to actin are
shown. D, A2780 and A2780R cells were treated with carboplatin at indicated
concentrations or carrier control for 24h. Total RNA was isolated for qRT-PCR and total
protein lysate was obtained for Western blot.
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Table |

Microarray Analysis of Baicalein Treated Cancer Cells at 12 and 24 Hours

Fold

Symbol Change
24 Hours

DDIT4 5.397
INHBE 3.958
S100P 3.134
CHAC1 3.077
ASNS 2.986
SLC7A11 2.929
ECM2 2.909
CTH 2.738
PCK2 2.618
IF144L 2.580
XAF1 2.298

ANKRD1 2.298
KIF21B 2.278
SERPINB2 2.173
IL8 2.110
SLC1A4 2.098
RIMKLB 2.095
HUS1 2.063
C10RF116  2.036
NT5DC4 2.026

IF144 2.010
12 Hours
DDIT4 3.222

p-value

4.42E-14
4.92E-09
1.98E-13
2.54E-12
5.54E-15
2.69E-14
1.33E-08
4.21E-11
1.43E-11
4.46E-08
4.96E-08
5.87E-09
7.28E-10
3.36E-07
2.73E-08
3.19E-10
1.71E-05
2.54E-07
9.05E-10
3.55E-07
1.42E-06

3.38E-12

Entrez Gene Name

DNA-damage-inducible transcript 4

inhibin, beta E

S100 calcium binding protein P

ChaC, cation transport regulator homolog 1 (E. coli)
asparagine synthetase (glutamine-hydrolyzing)

solute carrier family 7, member 11

extracellular matrix protein 2, female organ/adipocyte specific
cystathionase (cystathionine gamma-lyase)
phosphoenolpyruvate carboxykinase 2 (mitochondrial)
interferon-induced protein 44-like

XIAP associated factor 1

ankyrin repeat domain 1 (cardiac muscle)

kinesin family member 21B

serpin peptidase inhibitor, clade B (ovalbumin), member 2
interleukin 8

solute carrier family 1, member 4

ribosomal modification protein rimK-like family member B
HUS1 checkpoint homolog (S. pombe)

chromosome 1 open reading frame 116

5'-nucleotidase domain containing 4

interferon-induced protein 44

DNA-damage-inducible transcript 4
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AGS cells were treated with DMSO or baicalein at 20uM in triplicate for 12 or 24h. Total RNA was isolated and ultimately evaluated by microarray
using the Affymetrix Human Genome U133 Plus 2.0 arrays. Significant differentially expressed genes were determined using Partek® software.
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