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quercetin ~ trichostatin A~ quercetin®™#4A 4 ~ p300

In our previous study, we found that quercetin increased
the acetylation of histones H3 and H4, which may modulate
apoptosis-associated genes expression, induced by TSA in
both A549 and H1299 cells through pb3-independent
mechanisms. However, the precise mechanisms are unclear.
Thus, we first investigated the role of increasing
acetylation of histones H3 and H4 by quercetin in the
apoptosis in H1299 cells exposed to TSA (or vorinostat,
another histone deacetylase inhibitor). Quercetin enhanced
TSA-induced apoptosis in H1299 cells through increasing
DR5, a death receptor, expression. QuercetintTSA rather
than TSA alone also significantly increased p300, a histone
acetyltransferase, expression. Transfection of p300 siRNA
significantly diminished the increase of histones H3/H4
acetylation, DRb protein expression, and apoptosis induced
by quercetin in H1299 cells exposed to TSA. The combined
effects and the mechanisms of quercetintvorinostat on the
apoptosis in H1299 cells were similar to those of
quercetin+TSA.
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Furthermore, we investigated whether quercetin administered
by gavage (20 and 100 mg/kg body weight, 3 times/week)
enhances the antitumor effect of TSA. We found that
quercetin given orally at these doses failed to enhance the
antitumor effect of TSA because of i1ts metabolic
conversion. The in vitro study demonstrated that the
enhancing effect and the incorporation of quercetin
metabolite, quercetin-3-glucuronide, was less than that of
quercetin in Ab549 cells exposed to TSA. However, oral and
intraperitoneal administration of quercetin similarly
decreased TSA-induced lymphocyte DNA damage and plasma
lipid peroxidation in tumor-bearing mice.

In conclusion, this two year research demonstrates that the
up-regulation of p300 expression, which in turn increases
histone acetylation, by quercetin plays an important role
in enhancing histone deacetylase inhibitor-induced
apoptosis in HI1299 cells. In vivo, the enhancing effect of
quercetin administration orally on the antitumor effect of
TSA 1s poor than that of intraperitoneal administration
because of metabolic conversion. However, quercetin
administrated both orally and intraperitoneally similarly
decreases TSA-induced lymphocyte DNA damage and lipid
peroxidation.

quercetin ~ trichostatin A~ quercetin metabolite ~ p300



1. Introduction

Quercetin, a flavonoid, is ubiquitously found in foods such as lettuce, chili peppers,
cranberries, onions, tomatoes, broccoli and apples [Garcia-Mediavilla et al., 2007;
Bureau et al., 2008; Murakami et al., 2008]. Growing evidences show that quercetin
may cooperatively or synergistically enhance the anticancer effects of chemotherapy
drugs. In our previous study we found that quercetin at 2-5 uM synergistically
enhanced the effects of trichostatin A (TSA), a histone deacetylase inhibitor (HDI) on
suppressing proliferation and inducing apoptosis in human lung carcinoma through
p53-dependent pathway in vitro and in vivo. Our study also found that quercetin
increased the levels of acetylated histones H3/H4 in lung cancer cells in a
p53-independent manner [Chan et al., 2013]. However, whether this related to the
p53-independent enhancing effect of quercetin on the antitumor effect of TSA is
unclear. In addition, it has been shown that after quercetin intake, conjugated
metabolites, such as quercetin glucuronides and quercetin sulfates, rather than
quercetin aglycone are prevalent in human and animal plasma [Kim et al., 2006;
Dokmanovic et al., 2005; Seo et al., 2011]. The bioactivities among quercetin and its
metabolites could be different because of structure modification [Lee et al., 2011].
Thus, in the two-year study we first investigated the possible mechanisms and the role
of the acetylation of histones H3 and H4 increased by quercetin in the apoptosis of
H1299 cells (a p53 mutant human lung cancer line) exposed to TSA (or vorinostat).
Second, we investigated the effect of oral administration of quercetin on the antitumor
effect and toxic effect of TSA in tumor-bearing mice, compared with intraperitoneal
administration. We also used A549 cells to compare the intracellular accumulation
and the enhancing effect of quercetin and quercetin-3-gluguronide (Q3G) on the

anti-proliferation effect of TSA.



2. Methods
The first year

H1299 cells were incubated with TSA/vorinostat alone or in combination with
quercetin. We first used an oligonucleotide array assay to determine the possible
pathway involved in the enhancing effect of quercetin on the antitumor effect of TSA.
We found that compared with TSA alone quercetin increased the expression of the
death receptor 5 (DR5), which is well known to mediate extrinsic apoptosis pathways,
[Chen et al., 2007; Jung et al., 2010]. Therefore, we further determined the mRNA
and protein expression of DR5 as well as the downstream caspases in H1299 cells
with various treatments. Second, using an inhibitor of histone acetyl transferase we
investigated the role of acetylation of histones H3 and H4 increased by quercetin in

H1299 cells exposed to TSA and the possible mechanism.

The second year

Male nude mice aged 5 to 6 weeks were subcutaneously injected in the right flank
with A549 cells at a dose of 5 x 10° cells (in 200 pL of matrigel). Three weeks after
cell injection, the animals were then randomly assigned to the following six groups
(n=6/group) for 16 weeks: control, TSA, OL+TSA, OH+TSA, IL+TSA and IH+TSA
for TSA alone or in combination with quercetin treatment. TSA was given twice a
week (0.5 mg/kg body weight) by intraperitoneal (i.p.) injection, while quercetin was
given 3 times a week by oral gavage (OL and OH, 20 and 100 mg/kg body weight,
respectively) or by i.p. injection (IL and IH, 2 and 10 mg/kg body weight,
respectively). During the experimental period, the body weights of the mice were
recorded weekly. Blood samples were collected at weeks 4-10 (for determining
quercetin concentration) and at week 17 (for determining lipid peroxidation level)

from the retro-orbital plexus of the nude mice under deep isoflurane anesthesia. After
2



the experiment, the animals were sacrificed. Blood and tissue samples were collected
to determine the level of quercetin, quercetin metabolites, and were stored at -80°C
until analyzed.

In addition, we also incubated A549 cells with TSA alone or in combination with
quercetin or quercetin-3-gluguronide (Q3G) to compare the intracellular accumulation

and the enhancing effect of quercetin and Q3G on the anti-proliferation effect of TSA.

3. Results & Discussion

The first year

Part of this article has published in :
Shu-Ting Chan. Studies of quercetin on the antitumor and the side effects of

trichostatin A. Doctoral Dissertation, 2015.

The results showed that quercetin (5 uM) significantly increased the apoptosis in
H1299 cells induced by 25 ng/mL (82.5 nM) of TSA at 72 h by 88% (Fig. 1).
Quercetin also significantly increased TSA-induced the death receptor 5 (DRS)
MRNA and protein expression as well as caspase-10/3 activities in H1299 cells (Fig.
2). Transfection of DR5 siRNA into H1299 cells significantly diminished the
enhancing effects of quercetin on TSA-induced apoptosis (Fig. 3). These results
demonstrated that quercetin enhanced the apoptosis induced by TSA in H1299 cells
(p53 null mutant) by increasing the expression of DR5 through a p53-independent
mechanism. It has been shown that quercetin sensitizes TRAIL-induced apoptosis in
non-small cell lung cancer through PKC-mediated DR5 induction [Chen et al., 2007]
Furthermore, TSA in combination with quercetin rather than TSA alone significantly
increased p300 (a histone acetyltransferase) expression (Fig. 4). Transfection of p300
SiRNA significantly diminished the increase of histones H3/H4 acetylation, DR5

protein expression, caspase-10/3 activity and apoptosis induced by quercetin in
3



H1299 cells exposed to TSA (Fig. 6). In addition, quercetin also similarly and
significantly increased vorinostat-induced cell-growth-arrest and apoptosis through
the p300-dependent pathway because transfection of p300 siRNA significantly
diminished the enhancing effects of quercetin (Fig. 7, 8). These data indicate that the
up-regulation of p300 expression, which in turn increases histone acetylation, by

quercetin plays an important role in enhancing histone deacetylase inhibitor-induced

apoptosis in H1299 cells.
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The second year
Part of this article has published in :
BioMed Research International (Journal of Biomedicine and Biotechnology),

2014:580626.

Quercetin given orally (20 and 100 mg/kg body weight, 3 times/week) failed to
enhance the antitumor effect of TSA (Fig. 1) although it increased the total quercetin
concentration more than quercetin administered intraperitoneally in the plasma (Fig.
2). The compound quercetin-3-glucuronoide (Q3G) increased the most (Fig. 3).
However, quercetin administered intraperitoneally increased the total quercetin level
in tumor tissues more than oral quercetin (Fig. 3). There data suggest that the overall
enhancing effects of quercetin metabolites on the antitumor effect of TSA are less
than quercetin itself in vivo. It has been shown that chemopreventive compounds
including phytochemicals may have different biological effects between oral
administration and intraperitoneal administration because the absorbance and
metabolism of these compounds affect their concentrations and structures in vivo [26,
27]. However, oral and intraperitoneal administration of quercetin similarly decreased
lymphocyte DNA damage and plasma lipid peroxidation level induced by TSA
(Fig.4). These findings suggest that quercetin, even oral administration, diminishes
the oxidative stress induced by chemotherapy drugs in normal cells. In further cell
study, we found that the enhancing effect of Q3G on the antitumor effect of TSA and
the incorporation of Q3G was less than that of quercetin in A549 cells (Fig. 5). The
accumulation of Q3G in A549 cells was also less than quercetin (Tablel). These data
provide the explanation about the poor enhancing efficiency of oral quercetin
administration on the antitumor effect of TSA. However, the in vitro study showed

that A549 cells possessed the ability to converted Q3G to quercetin. In conclusion, the
7



present study showed that the oral administration of quercetin at doses of 20 and 100
mg/kg body weight, 3 times per week failed to enhance the antitumor effect of TSA.
This result was associated with the metabolic conversion of quercetin in vivo.
However, quercetin administered orally diminished TSA-induced adverse effects in

nude mice and the effect was similar to that of i.p. injections.

Table 1
Accumulation of quercetin (Q) and quercetin-3-glucuronide (Q3G) in A549 cells.

Compound
Q3G Q
(n mole/g protein) (n mole/g protein)

Group ih
C 1.39 + 0.01° 0.70+0.35°
Q 1.40+0.01° 2.36+0.69°
Q3G 1.99 + 0.03" 0.77+0.21°

4h
c 1.39+0.01° 0.70+0.35°
Q 1.88+0.09° 10.70 + 1.14°
Q3G 248+0.01° 2.97+0.10°

The cells were incubated with 5 uM quercetin Q or Q3G for 1 h and 4 h. Values
(means £ SD, n=3) of the same compound and the same time point not sharing a
common letter are significantly different (p<0.05).
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