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Abstract

Research studies in recent years have found that isoquercetin
has an inhibiting effect on multiple carcinogens, but research
studies filed on isoquercetin in bladder cancer are quite few.
This paper observed the influence of isoquerc%tléag%fiological
activity of the EJ cell of bladder cancer through HC dyeing and
trypan blue counting, studied the EJ cell cycle by flow cytometry
(FCM), and then analyzed the influence of isoquercetin and its
effect on the protein expression of STAT3 and STAT3-inhibiting
factors (PIAS3) in EJ cells. Research has shown that isoquercetin
has an inhibitory effect on the EJ cells of bladder cancer, but it is
not obvious.
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Introduction

In China, bladder cancer is the most commonly occurring
malignant tumor of the urinary system, with about 0.356
million new cases annually (about 0.274 million are men and
0.082 million are women). At present, treatment of bladder
cancer mainly depends on excision and chemotherapy com-
bined with Chinese herbal medicine. If patients are treated
with surgery only and without any drug therapy, then the
post-surgical recurrence of bladder cancer is relatively high
(Wang et al. 2011b). Due to characteristics of easy relapse, it
is necessary to fill the bladder with medicine after surgery,
so as to eliminate the remnant tumor, prevent relapse, and
delay progress. Therefore, tumor researchers attach much
attention to finding an effective drug that can strengthen
immunity and reduce recurrence, but has less adverse side
effect.

Marestail is a kind of ancient herb, with functions of pro-
tecting the liver, reducing blood pressure and blood fat, pro-
moting diuresis, resisting inflammation, and relieving pain.
Moreover, it can cure urinary system infections and bladder
stone. Isoquercetin, extracted from marestail, is the main
effective constituent of its medicinal value. Isoquercetin is a

kind of flavonoid compound which is a natural antioxidant,
existing in plants, vegetables, fruits, and Chinese herbal
medicine, for example in onion, apple, grape, ginkgo, tea,
etc. In recent years, research studies on isoquercetin by
medical workers at home and abroad have been increas-
ing day by dagl'f and it has been found that isoquercetin
has many biological activities, such as eliminating phlegm,
relieving cough, reducing blood pressure, protecting against
myocardial ischemia, easing pain, and resisting oxidation,
as well as anti-tumor, anti-fibrosis and anti-inflammatory
effects, etc. What'’s more, it is nontoxic and safe for humans
(Liu and Wei 2010, Qu et al. 2010, Chen et al. 2010).

Since it is well tolerated, isoquercetin is safe to be served
as a food additive. Clinical tests abroad have proved that
isoquercetin could inhibit the proliferation and induce the
apoptosis of various tumor cells, including cells of leuke-
mia, gastric cancer, breast cancer, colon cancer, lung cancer,
glioma, pancreatic cancer, etc. However, its disadvantages
like insolubility in water, poor lipid solubility, and lower oral
bioavailability have greatly limited the clinical application of
quercetin. Therefore, quercetin was transformed by increas-
ing water soluble groups or creating various dosage forms,
which have been used as medicine in European countries
and administered as one of the preferred anticancer agents
(Wang et al. 20114, Lin et al. 2010b). Through in vitro experi-
ments, researchers have proved that isoquercetin can inhibit
bladder cancer (Chen et al. 2011). Based on the primary
work, this research carried on the study on the effect of iso-
quercetin on the bioactivity of bladder cancer EJ cells, so as
to complete the original literature.

Materials and methods

Source of materials

Human carcinoma of urinary bladder cell line in this experi-
ment was provided by the cell bank of the Archives Center of
a certain university research laboratory. The main reagents
and equipment in this experiment are shown in Table I.
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Table I. Main equipments and reagents.

Materials Sources Materials Sources

Trihydroxymethyl Huamei Biological Automatic light microscope German Zeiss

aminomethanetrihydroxymethylamidogen methane Engineering

Company

Trypsin, Isoquercetin Sigma Corp. Immunohistochemical kit Beijing Sequoia
Biological Technology
Co Ltd

DMEM medium, Ham'’s F-12 medium, fetal calf Gibco Corp. FACS Vantage SETM flow America BD Company

serum, DMSO cytometry

Disodium Ethylenediamine tetra acetic acid (EDTA), USB Corp. High speed freezing centrifuge American BECKMAN

Boric acid

CO2 incubator America Forma Automatic mixer German EPPENDORF

Cell culture and RNase buffer) was added, and the above process was

The cell line of bladder cancer was cultured in DMEM
medium containing 10% fetal calf serum under 37°, then the
medium was put into the incubator at a constant tempera-
ture, with 5% CO,,. The culture solution was changed every
2 to 3 days. The medium was divided into 1/3 for passage.
After trypsinization, the solution was placed in a refrigerator
at—20° for 1 h, and then stored in a cryogenic refrigerator
at — 80° for along time.

Experimental methods

Conventional observation: A sterilization cover glasswasplaced
under the vessel, the concentration of carcinoma of urinary
bladder EJ cells was adjusted to 2.0 X 104/ml, and inoculated
into the culture dish. The culture solution was abandoned after
cell stabilization, and then 100 uM of fresh culture solution of
isoquercetin was added into the culture dish. A normal culture
group was established for contrast. The change of cellular mor-
phology was observed and photographed every 12 h, and the
observation was continued for 48 h. Then, the cover glass was
taken down and immersed into 1 X PBS (pH 7.4) and rinsed
thrice, for 3-5 min each time. For fixation, 100% cold acetone
was used, under — 20° for 20 min. It was then kept aside for HE
dyeing and ICC analysis in the later part of the experiment,
after natural airing.

Trypan blue counting: Another EJ cell culture fluid of blad-
der cancer at the concentration of 2.0 X 104/mlwas obtained
and inoculated into a 96-well culture plate; after cell adher-
ence, fresh culture solution with 100 uM of isoquercetin was
added so as to obtain the mixed cell culture fluid; cells were
collected and counted every 12 h; the liquid was shaken
within the hole of the 96-well plate so as to suspend cells;
then, 40 pl of mixed cell culture fluid was immediately taken
and intensively mixed with the isometric trypan blue dye
liquor of same volume, and injected into a sanitized blood
counting chamber; the number of dead and live cells were
counted under a 40 X light microscope; the above operation
was repeated thrice. The control group was simultaneously
set up. Live cells were transparent, round and non-staining,
while dead cells were mazarine and relatively small.

Flow cytometer (FCM) analysis: Bladder cancer EJ cells
were cultured normally and treated with 100 uM of isoquer-
cetin for 48 h; after that, the supernatant was abandoned
and 250 pl of Solution A (trypsin buffer) was added; after
shaking up the liquid, it was placed at room temperature for
a 10 min reaction; next, 200 pl of Solution B (trypsin inhibitor

repeated. In the next step, 200 pl of cold solution C (propid-
ium iodide stain solution) was added and the whole culture
was kept away from light, at a temperature of 4° in a refrig-
erator for 10 min; these samples were filtered into new tubes
by a 50 um nylon net. Finally, the cell cycle was analyzed.

HE dyeing: The cells were digested by pancreatin to a
concentration of 1X105/ml; then the cells were rinsed
thrice. Cold acetone was used for fixation under 20° for 20
min, and rinsed thrice using PBS; hematoxylin dyeing was
performed, rinsed with water, and observed; next, eosin dye-
ing was performed and rinsed with water; neutral gum was
used for mounting after air drying.

Immunocytochemistry analysis (ICC): The cells were
incubated in 3% H202 and rinsed thrice with PBS. Then
non-immune animal serum was added and incubated for
10-15 min. Primary antibodies (STAT3, PIAS3, 1:100) were
added and incubated overnight under 4°. The cells were
rinsed thrice with PBS, and then a second marked antibody
was added and incubated for 30 min under 7°. After rinsing
with PBS thrice, and adding horseradish peroxidase to label
streptavidin, the cells were incubated for 10-15 min under
37°. DAB dyeing was performed after rinsing them with
PBS thrice. After that, the cells were rinsed and dyed again.
Finally, they were dehydrated, mounted, and observed.

Statistical approaches

Computer statistical software SPSS19.0 was adopted for
statistical analysis of the distribution of STAT3 in bladder
cancer and pericarcinomatous tissue. A value of p < 0.05 was
considered as significant difference.

Results

Influence of isoquercetin on bladder cancer cell
Observation results of HE dyeing morphology after iso-
quercetin treatment: Carcinoma of urinary bladder EJ cell

Figure 1. HE dyeing of bladder cancer EJ cell.
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EJ cell activity counted by trypan blue counting
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Figure 2. EJ cell activity counted by trypan blue counting before and after isoquercetin treatment.

of normal culture was satiated and intensive; after the cells
were treated for 48 h with 100 uM of isoquercetin, no obvious
phenomenon of apoptosis appeared (Figure 1). Here, NC
refers to the 48-h normal culture group while Que refers to
the group treated with 100 uM of isoquercetin for 48 h.

Trypan blue counting analysis

After the bladder cancer EJ cells were treated with 100 uM
isoquercetin for 0, 12, 24, 36 and 48 h respectively, trypan
blue was used for dyeing. Cell counting plate was used to
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Figure 3. Distribution of bladder cancer EJ cell cycle analyzed by flow
cytometry, before and after isoquercetin treatment.

collect live cells and dead cells at different time points. Cell
activity was counted by the following formula: live cell ratio
(%) = total cellular score/(total live cellular score + total
dead cellular score) X 100%. At the same time, the control
group of normal culture was established. The results are
shown in Table II and Figure 2.

From Table II and Figure 2, it is clear that the cell activity,
both after treatment with isoquercetin and under normal
cultivation, declined with the extension of culture time. The
descent velocity of cell activity under normal cultivation
was no different from that after treatment with isoquercetin,
which indicates that isoquercetin has no obvious effect on
cell apoptosis.

Results of FCM diagnosis

The results of FCM detection are shown as follows (Figure 3).
The proportions of bladder cancer EJ cells in normal cul-
ture in the G1, G2, and S phases were respectively 24.236%,
26.611%, and 47.768%; after treatment with 100 uM isoquer-
cetin for 48 h, the proportions were 35.63%, 19.533%, and
43.827%. The cell proliferation index (PI)% = (S + G2/M)
(GO/G1 + G2/M) X 100%. The PI of the two groups after nor-
mal culture and after treatment with 100 uM isoquercetin
were respectively 74.3% and 63.4%. NC refers to the 48-h
normal culture group, while Que refers to the group treated
with 100 uM isoquercetin for 48 h.

Function of STAT3 signal path in bladder cancer

The results of dyeing by the immunohistochemistry method
showed that STAT3 was mostly positively expressed in
carcinoma of urinary bladder cytoplasm and karyon. The
appearance of claybank to sepia particles in the karyon
demonstrated positive staining, as shown in Figure 4. In
bladder cancer tissue, the positive expression rate of STAT3
was 11.6%. In Figure 5, 1,2,3, and 4 refer to negative (-),
weak positive (*), positive (+) and strong positive (=++),
respectively.

Table II. Cell activity after isoquercetin treatment at different time
points (%).
0Oh 12h 24h 36h 48 h

NC 98.81*+1.99 98.80*+2.07 97.36-4.19 93.40-4.50 93.39*5.63
Que 98.89+2.98 98.90+3.16 97.39+3.08 94.33+£6.60 94.50*7.78
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ICC detection of STAT3 in EJ cell

The immunity test showed that under normal culture, STAT3
presented positive expression in EJ cell cytoplasm and had
slight expression in the karyon. After isoquercetin treatment,
STAT3 expression was mainly in the cytoplasm (Figure 6).
Here, NC refers to the 48-h normal culture group, while
Que refers to the group treated with 100 uM isoquercetin
for 48 h.

ICC detection of PIAS3 in EJ cell

The results showed that under normal circumstances, PIAS3
presented positive in cell cytoplasm, while negative in
karyon. The treatment with 100 uM isoquercetin was mainly
performed in cytoplasm, and no karyon translocation phe-
nomenon appeared (Sun and Yu 2011, Figure 7). Here NC
refers to the 48 h normal culture group while Que refers to
the group treated with 100 uM isoquercetin for 48 h.

Discussion

Isoquercetin widely exists in various plants, and can inhibit
the growth of various malignant tumors in in vitro experi-
ments, such as breast cancer, gastric cancer, leukemia, etc.
Its mechanism of action might be associated with the fol-
lowing factors: detention of cell cycle, reduction of cancer
cell apoptosis and differentiation, inhibition of cancer cell
signaling, etc. The previous research studies on isoquer-
cetin mainly focused on the diseases related to estrogen,
such as breast cancer, cervical cancer, etc. However, fewer
research studies and reports were about the effect of iso-
quercetin on human bladder cancer. This paper found
that isoquercetin has the property of tolerance to bladder
cancer EJ cells, which also hinted that the effect of isoquer-
cetin on bladder cancer cell might be influenced by many
factors.

The experimental results showed that in HE dyeing, there
were no obvious changes in cell morphology of bladder
cancer EJ cells after isoquercetin treatment, and these cells
covered the slide. Trypan blue counting showed that there
was no obvious death of cells after treatment. All of these
suggested that isoquercetin could not inhibit the prolifera-
tion of bladder cancer EJ cells. However, it was proved that
human bladder cancer BIU-287 cells, after isoquercetin
treatment in vitro, had an inhibiting effect on cancer cells
(Mei et al. 2010). The experimental result showed in this
paper, that isoquercetin could not inhibit the proliferation of
bladder cancer EJ cells, was quite different from the result of
the experiment performed by Chen et al. (2011).

50

40 L
30 L
20 L
'l I I
1 2 3 4

Figure 5. IHC detection of the expression of STAT3 in human bladder
cancer tissue.

In in vitro experiments, the effect of isoquercetin is
diverse in the estrogen-related diseases, including inducing
cell apoptosis and regulatory metabolism, and regulated by
estrogen. Research studies have demonstrated that isoquer-
cetin, in a certain dose, could promote the proliferation of
MCF-7 cell in the estrogen receptor positive cell line. How-
ever, there was no proliferation of MDA-MB231 cells in the
estrogen receptor negative cell line, indicating that isoquer-
cetin has the effect of estrogen and influences the index of
cell division growth(Yang et al. 2011). Isoquercetin and the
relevant portion combined with estrogen receptor could
regulate receptor and signal path, but its inhibiting effect on
the receptor is influenced by many factors, and the answer
to whether it has functions of antagonism or incitation on
the receptor is awaiting further research. As for bladder can-
cer, its ER expression is positively correlated to pathological
grading and clinical stages, and closely related to high-grade
bladder cancer and infiltrating bladder cancer (Li and Wang
2012). ER is the receptor of bladder cancer RT4 cell line,
and its antergic or excited receptor could have the effects of
inhibiting and promoting cell growth (Li and Yang 2010). In
this experiment, whether the unobvious performance was
caused by the balance between the promotion and suppres-
sion of cancer has not been detected. However, part of cells
were blocked by isoquercetin to G1 phase, and the index of
cell proliferation was decreased. It indicates that isoquerce-
tin could affect bladder cancer EJ cells, but is insufficient to
inhibit cell proliferation.

In addition, isoquercetin has the effect of oxidation and
removal. There were research studies showing that isoquer-
cetin has antagonistic action on the myocardial cell toxin
of adriamycin to different extents, thereby increasing cell
survival rate, and in addition, 100 uM isoquercetin had no
obvious toxic and side effect on normally cultured cardiac
myocytes from the neonatal rat (Tang et al. 2012). It is clear
that 100 uM isoquercetin has a protective effect on cells,
which enriches the variety and mechanisms of the antitumor

Figure 4. IHC detection of STAT3 in human bladder cancer tissue.



Figure 6. STAT3 immunocytochemistry in human bladder cancer
EJ cell.

effects of isoquercetin. From now on, we will further analyze
the different effects ofisoquercetin on human bladder cancer
cell line, study the sensitivity and mechanism of tolerance
of the cell line to isoquercetin, and discuss the utility level
and mechanism of its antioxidation and estrogen receptor-
regulating effect in the bladder cancer cell line.

As the intracellular signal of cells, STAT3 regulates and
controls the cell proliferation, differentiation, and apoptosis.
If the pathway is activated continuously, then STAT3 would
be involved in the occurrence, development and evolution
of malignant tumor (Lin et al. 2010a, Li et al. 2010). The
experimental results showed that the positive expression
rate of STAT3 was 88.4%, which was basically consistent with
the result that the high expression of bladder cancer coordi-
nated with STAT3, as concluded by Zeng and Zhang (2010).

Sun Ying et al. (2010) adopted siRNA technique to silence
the STAT3 gene and found that the growth of the human gas-
tric carcinoma cell was greatly inhibited, and cell apoptosis
was promoted. In the experiment, after isoquercetin inter-
vention, the expression of STAT3 in bladder cancer EJ cells
was not inhibited, and no obvious inhibition on cell activ-
ity appeared. Thus, it was concluded that isoquercetin did
not intervene in the STAT3 pathway in the aspect of STAT3
expression. As the profiling of activation of STAT3 protein,
its expression rate, and level of PIAS on normal blad-
der epithelium, was obviously lower than that in bladder
cancer tissue, its expression level would increase with the
decrease of differentiation degree. Through the observation
in this experiment, under normal culture conditions, PIAS3
expressed highly in EJ cell cytoplasm, while it was negative
in the karyon. After 100 uM isoquercetin treatment, there
was no karyon translocation of PIAS3. PIAS3 was not able
to play its inhibitory effect on p-STAT3. Because PIAS3 did
not enter into the karyon, isoquercetin could not inhibit the
STAT3 signal pathway through the PIAS3 pathway. To sum
up, isoquercetin did not inhibit the STAT3 signal pathway of
bladder cancer EJ cells, which may be one of the reasons that
cause the tolerance of EJ cells to isoquercetin.

QUE

Figure 7. PIAS3 immunocytochemistry in human bladder cancer EJ
cell.
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Conclusion

In the treatment of bladder cancer, isoquercetin could
change the cell activity through changing the index of EJ cell
proliferation and cell cycle. The cell activity after HE dyeing
and counting by trypan blue showed no evident changes.
Expression of STAT3 in human bladder cancer tissue tends
to show high expression. However, isoquercetin showed no
translocation to PIAS3 in EJ cells, indicating that isoquerce-
tin has no obvious inhibitory effect on the STAT3 signal path-
way. Research studies have shown that isoquercetin had no
obvious inhibitory effect in changing cell proliferation, cell
cycle and its treatment to PLASS, which might be related to
the diversification of isoquercetin in disease. It was found
that there was no special effect of isoquercetin in bladder
treatment, though there is great potential for quercetin in the
treatment of bladder cancer. It is supposed that it might be
related to the structure of isoquercetin. The mechanism of
action of isoquercetin on the bladder cancer cell line differs
from that on other cells, or it might be related to the sensi-
tivity and drug resistance of the cell line to isoquercetin. In
short, treatment of bladder cancer with isoquercetin needs
further study.
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