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Green tea and PUMA:

A deadly combination?
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Green tea is derived from the plant Camellia sinesis by steaming or pan-frying, which
inactivates enzymes and prevents oxidation of the tea polyphenols.! Green tea polyphenols
(GTP), also known as catechins, make up 30-42% dry weight of solid green tea.2 There are
four catechins in green tea: epicatechin (EC), epigallocatechin (EGC), epcatechin-3-gallate
(ECG), and epigallocatechin-3-gallate (EGCG). EGCG is the most abundant and most active
of the GTP and is therefore the most widely studied.3

Epidemiology studies have shown that green tea consumption is linked to reduced risk of
various types of cancers, including colorectal, lung, stomach, esophageal, breast and prostate
cancer. Interestingly, the benefit of green tea in reducing the risk of breast and lung cancer
appears to require a polymorphism in catechol- O-methyltransferase and 8-oxoguanine-DNA
glycosylase, respectively. The benefit of GTP and tea extracts in chemoprevention has also
been extensively documented in many animal tumor models. For example, green tea
inhibited tumor cell proliferation and formation of adenomas in the lung and skin,>7
decreased the incidence of tumor formation by 65% in the prostate, and eliminated
metastasis to distal organs.8 In colon cancer, chemopreventive effects of GTP or green tea
have been demonstrated in azoxymethane (AOM)-induced carcinogenesis in many studies;
although, a few studies have shown a lack of a protective effect.® Therefore, more studies are
still needed to determine whether green tea has chemopreventive effects in colorectal cancer.

The mechanism by which green tea prevents or protects against carcinogenesis is largely
unknown. Several mechanisms have been proposed, including inhibiting angiogenesis,
metastasis, and cellular proliferation,! and acting as an antioxidant to reduce cellular
damage. GTP suppresses the expression of VEGF, MMP-2 and -9, and cdk2 and cdk4. One
of the major constituents of green tea, EGCG, induces cell cycle arrest by inhibiting
ERK1/2, MEK1/2 and IxB kinases, while inducing transcription of cyclin-dependent kinase
(CDK) inhibitors p21, p16, p18 and p27.1
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GTP can stimulate apoptosis, an important mechanism for tumor suppression.19.11 Some
suggest that this is through the generation of reactive oxygen species (ROS). EGCG
promoted hydrogen peroxide production and activated p53 in vitro.12 More studies
suggested that GTP modulates the expression of Bcl-2 family of proteins to activate
apoptosis via the intrinsic pathway of apoptosis (Fig. 1). For example, EGCG can directly
bind and inhibit two Bcl-2 family members, Bcl-2 and Bcl-X, ;13 therefore mimicking their
endogenous inhibitors the BH3-only proteins such as PUMA, Bad and Bim.1# Furthermore,
GTP caused decreased levels of Bcl-2 and Bcl-X,_in many cell lines.1> EGCG can induce
the expression of Bax and Bad.16 It is important to note that induction of apoptosis by GTPs
is only seen at relatively high concentrations (>50 uM) in most in vitro studies.

In the paper, “The BH3-only Protein PUMA is Involved in Green Tea Polyphenol-induced
Apoptosis in Colorectal Cancer Cell Lines” in this issue of Carncer Biology & Therapy,
Wang et al., demonstrated that PUMA, a member of the BH3-only protein family, is induced
by GTPs and contributed to GTP-induced apoptosis in colon cancer cells.l” PUMA was
initially identified as a critical mediator of apoptosis p53-dependent apoptosis and promotes
apoptosis through the mitochondrial pathway.181° p53 is required for PUMA induction by
DNA damage but not by non-genotoxic stimuli.1® GTP treatment was found to induce
PUMA in cell lines with a mutant p53 gene, suggesting that a p53-independent mechanism
is involved.’

In this study, GTP inhibited cellular proliferation in two colorectal cancer cell lines within
24 hours. GTP-induced apoptosis occurring at 48 hours was found to be dose-dependent,
and was associated with increased activity of caspase-3. GTP caused a robust induction of
PUMA. Using stable PUMA knockdown cells established using lentivirus-expressed small
hairpin RNA (shRNA), the authors further demonstrated that PUMA is required for GTP-
induced apoptosis and suppression of colony formation.1”

Next, the authors attempted to define a mechanism by which PUMA was induced by GTP.
Consistent with previous reports that GTP inhibits MAPK activity,! GTP caused a reduction
in phosphorylated ERK1/2. A MAPK inhibitor (PD98059) was found to inhibit ERK1/2 and
induce PUMA, suggesting that inactivation of ERK1/2 might account for PUMA
induction.1” This finding is in agreement with several studies showing that inhibiting the
activities of ERK1/2 induced PUMA expression.20-23

There are many questions that arise as a result of this article. First, ERK1/2 phosphorylates a
large number of targets, many of which are transcription factors. PUMA expression has only
been reported to be regulated exclusively at the level of transcription. What is the
transcription factor responsible for PUMA transcription with GTP treatment? One
possibility is that a transcriptional activator is negatively regulated by ERK1/2 and becomes
activated when ERK1/2 activity is inhibited. Another possibility is that a transcriptional
repressor is positively regulated by ERK1/2 and is removed from the PUMA promoter to
allow active transcription. Second, do other kinases known to be affected by GTP, such as
JNK, p38 and IKp, contribute to PUMA induction? Inhibition of the PI3K/Akt pathway
promoted PUMA transcription in murine T lymphocytes and embryonic fibroblasts, possibly
through the forkhead transcription factor FoxO3a.24 Could it play a role here?
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Despite the largely positive data in cancer prevention, GTP is unlikely to exhibit significant
therapeutic effects. Based on this study, it would be interesting to determine if induction of
PUMA and apoptosis occurs in vivo with GTP treatment, and whether tumors from PUMA-
deficient mice show impaired apoptosis and responses to GTP. This is especially important,
as GTP and green tea have anti-inflammatory properties. Such studies will provide a better
understanding of the effects of GTP in the organismal context, and help explain some
conflicting results obtained with mouse and human studies. While there have been extensive
studies on the effects of green tea extracts or GTP on colon cancer and cells, little research
has been conducted to analyze their effects on normal cells, especially the intestinal cells
that undergo constant proliferation.

Another concern is that the high concentrations of EGCG and tea extracts used in many in
vitro experiments may not be applicable in humans. Recently, “beverage” levels of green tea
were found to inhibit the early stages of colon tumorigenesis in AOM-treated APCIMin'#)
mice, providing a much needed support for a realistic and achievable effect in vivo.2> More
studies will be needed to determine whether the use of EGCG might be more effective in
chemoprevention than a mixture of catechins, and what would be the best way of
administrating EGCG.26 To many, the key questions are: How much green tea one needs to
drink and for how long to get any measurable protection against cancer? What would be the
long term effects of drinking a large quantity of green tea on the incidence of other major
diseases? What are the most important molecular targets of green tea in cancer
chemoprevention? These are a set of questions that will likely be asked of any cancer
chemopreventive agent.
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Figurel.
A model of PUMA in GTP-induced apoptosis of cancer cells.
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