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3t Aspergillus japonicas
B-fructofuranosidased# & B A EE T ¥/LE £

Wan-Ting Wu(& 35 ), Yi-Zen Yang (#5i%& %), Chia-Wen Hsieh (3## %) "
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together with anti-cancer drug 5-FU in colorectal cancer cell
Zih-Ruei Chen (B 1-%) and, Jin-Yi Wu (i 45)*
Department of Microbiology, Immunology and Biopharmaceuticals, National Chiayi University, Chiayi, Taiwan

INTRODUCTION Table 2 Physical properties of baicalein and its derivatives..

Colorcctal cancer is the third most common ftype of adult cancer in Taiwan. MW cLogP MP (°C)
Conventional ways 1o treat colorectal cancer are surgery, radiation, chemotherapy, largeted
therapy, but deleterious toxicity of long term chemotherapeutics compels researchers to Baicalein H 270.24 3.00 270.2~272.4
develop more efficient drugs with minimized loxicity. For example, 5-FU what is an ®
existing effective clinical drug, but it was previous report detected induction of free Baicalein-Cs Isoprenyl 338.34 3.40 155.9~157.3
radicals and oxidative stress after 5-FU treatment of primary human cardiac cells. Thus, in (2a)
order to improve this problem, we use natural active substances baicalein, which has been Baicalein-C , ( Geranyl 406.47 4.93 133.6~134.9
widely used as a traditional Chinese medicine for inflammation, infectious diseases and i HD(2b)
anti-oxidation. Furthermore, Baicalein have strong anti-tumor effects in cancers, including Baicalein-C, 5 Farnesyl 474.59 6.45 105.9~106.9
in breast cancer, prostate cancer, pancreatic cancer, esophageal squamous cell carcinoma (2¢)
and burkitt [ymphoma. In this study we modified baicalein with o-alkyl group or terpenyl Baicalein-C,, Decyl 410.50 5.91 116.8~118.2
group, which were screened for an anti-oxidation test was carricd out, and it was found (28) -
that the anti-oxidation ability would not be removed. At the same time, it were screened B“ic‘(’;‘ij‘)"("? Dodecyl &~ 438.56 6.75 119.6~120.8

) o

for cytotoxicity in wvifro on human cancer cell line. The cytotoxicity of baicalein
derivatives were assayed against human colon cancer cell line (DLD-1) by MTT assay.

n

Table 3 Anti-oxide effect of baicalein and its derivatives.-

Among them, compound 2c and 3b was the most active compound on cytotoxic activity of i=® poi ICs(pM)= b
human colon cancer cell line. After combine with 5-FU, low dose of 2¢ and 3b Compound® DPPH® ABTS" °
significantly increases 5-FU cytotoxicity and the synergy treatment index Cl is also less Baicalein (1)¢ 7,88+ 0460 424%0250
than 1, especially 2¢ can reach 0.4 at relatively high doses, which has obvious synergistic R o "
. . . . . = icalein-Cs (2a - .88¢ - B o 24
effects. In conclusion, the results indicated 2¢ and 3b could effectively increases 5-FU
cytotoxicity in human colon cancer cells and may be a potent anticancer agent. Baicalein-Cio (2b)- 1253£0.110 62141100
MATERIALS AND METHODS PG 201 - 555006
Scheme 1: Synthesis of 2-/3-substituted juglone derivatives. Baicalein-Cyo (3a) 10.66+1.69+ 6.00£1300 e
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=
OoH N MO ° /\/Q Trolox: 10.85£2.100 4991530 ¢
{ a bl
cl — Quercetine 19912230 1046197
+ > —*  MeO e
MeO OMe fo) OMe
OMe A 100 o
lb 2
= s
g 20
MeO__~._O._ g MO ‘ OHI N o
Il e ! o eo -
MeO” MeO N [ §
OMe O OMe O = a5
=
s
O = 20
ol D
R-Br, K2CO3 RO O o | S
Acetonitrile, reflux, 8~24 h HO 2 13 25 50 100200 2535 10 20 40 06 1325 5 10 06 13 25 5 10+
OH O 5-FU Baicalein 3b 2c -
. - : Concentration ( uM ).
(a) Toluene, reflux, lh.. Bai-C; R= Isoprenyl PN 120 4
(b)10%BF3-OE, toluene, reflux, 3h.. Bai-C,, R= geranyl =
(c) I, cat., DMSO, reflux, 3h. . Bai-C R e = |
(d)47%HBr, CH;:COOH, TBAI, reflux, 7h.** 8 =0 A
Bai-C,y’ R= decyl s
Bai-C,, R=dodecyl B so o
RESULTS £ | o
s
> 20 4
120 4 %
o o
100 | _ 316312 2550 3.16312 25 50 3.16312 25 50 3.1 6312 25 50«
I 7] - [T 5-FU Baicalein (10pM) 3b (2.5uM ) 2¢ (2.5puM ) «
= =0 Concentration ( uM ).
=
S so i Figurc 2. Cytotoxicity of DLD-1 cells treated with plumbagin and 2¢ and 3b and 5-FU
g e i combinc with 2¢ and 3b for 48 and 72 h.
= . o~
‘,‘E 20 H Nermalized Isobologram for Combo: Sful2 (5-FU+baicl2) Normalized Isobologram for Combo: $fucl3 (5-FU=Baicl5)
o 13 s0251316333 %02 3 03513633 337 502 2 502313633260 : :2:"“
iy B B e P e Py
190 'l' » s a8
- £ . | o -
80 -
. " L. 2 i ; ‘
=40 |
& 1 CI Data for Non-Constant Combo: $ful2 (S-FU+baic12) C1 Data for Non-Constant Combo: Sfucl$ (5-FU+Baic15)
20 Dose S-FU Dose baic12 Effect  CI Dose 5-FU BaiclS Effect  CI
31 s 0.67 1.56906 3 2.5 0.62 1.13340
5. 2.5 .52 6. 2.5 5 90945
I A, 0 A ll O o, 3 sE e
i & 3 i v Sl i e SEOEnTMETR S Lol Sk v & 25.0 2.5 0.42 0.67835 250 2.5 0.4 0.42248
Friedin e TRRCR RISt e Hemimcrns e 50.0 2.5 0.36 0.57741 50.0 2.5 0.37 0.41694

Figure 1.. Anti-oxide effect of baicalein and its derivatives in ABTS™ and DPPH

CONCLUSIONS

In this study, we synthesized a series of 7-O- alkyl group or terpeny] group. Among the compound 2c¢ and 3b have better cytotoxicity and same antioxidant ability of baicalein.
Furthermore, according to CI value exhibit combined treatment with 5-FU significantly increased the cytotoxicity of 5-FU on colon cancer DLD-1. The present results indicated
the compound 2¢ and 3b is a novel anticancer combined drugs of candidate for colon cancer in the future.

Figure 3. Cl of 5-FU combine with baicalein derivatives in DLD-1
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Co-treatment of vorinostat with doxorubicin synergistically
enhances anticancer effect in bladder cancer cells.

Kah-Min Lee (£ £ %) and Yi-Wen Liu (2] 14 %)
Department of Microbiology, Immunology and Biopharmaceuticals (DMIB),

College of Life Sciences, National Chiayi University, Chiayi

ct

Bladder cancer is the 10th highest incidence of cancer worldwide. Approximately 70% ol bladder cancers are diagnosed as non-muscle invasion which are treated by transurethral resection [ollowed by intravesical therapy.
Doxorubicin (DOXO) is one of the effective cytotoxic drugs used in intravesical therapy, but the cardiotoxicity and nephrotoxicity limit its therapeutic dosages. Vorinostat (SAHA) is an oral anti-cancer drug for cutaneous T-cell
lymphoma. Though SAHA is not applied for bladder cancer, its pharmacological mechanism is different from DOXO. So, this study would like to investigate the combination effect of DOXO and SAHA in human bladder cancer

cells, and discuss their mechanisms. In cell viability assay, the alive cell of BIFTC 905 cells and 5637 cells were dose-dependently decreased by DOXO and SAIIA individually. In the 1C20 ol
synergistically induced ccll death comparing to the single drug treatment in BFTC 905 and 5637 cclls. In Western blot analysis, the combined treatment of DOXO and SAHA als

each drug, DOXO plus SAIIA
synergistically enhanced the apoptosis-related

proteins expression, included cleaved-PARP, cleaved-caspase 3 and y-H2AX. After a pan caspase inhibitor (Z-VAD-FMK) pre-treatment, the expression of apoptosis-related proteins significantly downregulation, meanwhile, the cell

death was partially reversed. On the contra

ry, the pre-treatment of an anti-oxidant (N-acetylcysteine, NAC) minimally improved cell viability on SAHA treatment and combined drugs treatment in BETC 905 cells. but there was no

effect on 5637 cells. Taken together, these results indicated that the synergistic eflect of DOXO and SALLA on inducing cell death maybe majorly through caspase 3-PARP pathway but not ROS. Our resulls showed that the
combination of DOXO with SALIA might represent a novel regimen for the treatment of urothelial carcinoma, and the effect will be analyzed in orthotopic andfor xenogralt mice models.

Q Mechanism of Doxorubicin (DOXO0)

Doxorubicin intercalated of its planar rings in the minor groove of the DNA double helix, which can stabilizes the
topoisomerase TT-DNA complex, inhibiting the progression of the S-phase of the cell eyele, The topoisomerase 11-
doxorubicin-DNA complex can induce DNA double strand breaks. 2016. Drug Resist Updat 29, 90-106

Q Dose-limiting side effect of Doxorubicin

The most common side effects are acute nausea and vomiting, neurologic disturbances ardiotoxicity, bone

marrow aplasia, leukopenia, neutropenia, thrombocytopenia and  anemia.  Pharmacokinetics of  doxorubicin is

characterized by a very short half=life in circulation with exiensive. non-selective tissue distribution. Therefore, effective

therapy with doxorubicin will often require high doses, which can [urther aggravate adverse toxic side effects due to the

lack of selectivity of this drug, 2009. Curr Med Chem 16, 3267-3285
2016. Drug Resist Updat 29, 90-106

O HDAC inhibitor and its effects

Inhibition ol histone deacelylase enzyme causes chromatin decondensation, which regulated the transcription ol genes

involved in cell survival and apoplosis. [IDAC inhibitors (eg. SAIIA) seem Lo be promising anti-cancer drugs particularly

in the combination with other anti-cancer drugs. 2017, Int J Mol Sci 18(7). 1414
2003. Cancer Res 63(21), 7291-7300

Aim
To investigate whether the combination of DOX0 and SAHA have a synergistic effect in human bladder cancer
cells, and discuss their mechanism.

Materials and Methods
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Statistic analysis: The experiments were conducted in triplicates. and the data are presented as mean + SL. Comparisons between
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Figure 1. Cell viability analysis of DOX0O and SAIIA in BE'TC 905 cells.
{A) Tlieet of DOXO in cell viability was determined by using MTT assay. Cell lines were treated with diflerent doses of DOXO (from 0 (o 1.5
M) and ineubated for 24 hours. () Through MTT assay, effeet of SAHA yas determined. Cell lines were treated with different doses of SAHA
{from 0 to 3 uM) and incubated for 24 hours. We selected a concentration of DOXO and SAHA with 80% yiability for follow-up i
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Figure 4, DOXO combined with SAILA upregulated the expression of cleaved poly (ADP-ribose) polymerase (PARP), v-I12AX and
cleaved-caspase 3 in human bladder cancer cells,

(A) Through Western blot, analyzing 0.95 pM DOXO and‘or 2.2 uM SAHA treated BFTC 905 cells [or 24 hours on the protein expression
of PARP, v-H2AX and cleaved-caspase 3. (B) Co-treatment of DOXO and SAHA can significantly induced cleaved PARP, y-H2AX and

leaved-caspase 3 protein . (C) Through Westem blot, analyzing 0.73 yM DOXO andfor 1.43 pM SAHA treated 5637 cells for
24 hours on the protein cxpression of PARP, v-112AX and cleaved-caspase 3. (D) C of DOXO and SAIIA can significantly
induced cleaved PARP, v-H2AX and cleaved-caspase 3 protein expression.
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Figure 5, Z-VAD-FMK partly restored the cell viability of combined treatment in BI'I'C 905 cells and 5637 cells,

(A} The cell viability was determined by using MTT assay. BETC 905 cells were pretreated with 20 uM Z-VAD-FMK for 1 hour then incubated
with 0.95 pM DOXO andror 2.2 pM SAHA for 24 hours, Bars represent the mean £ ST of 2 experiments,

(B) The cell viability was detenmined by using MTT assay. 56. s were pretreated with 20 uM or 40 pM Z-¥AD-FMK for 1 hour and treated
with (.73 pM DOXO andfor 1.43 uM SAHA for 24 hours. Bars represent the mean * SE of 3 experiments.
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Figure 6. The expression of PAR, cleaved poly (ADP-ribose) polymerase (PARP), RADS1 and y-H2AX in combined treatment of
human bladder cancer cells were depended on caspase 3,

experiments. () BETC 905 cells were treated with 0.95 M DOXO and/or 2.2 uM SAHA for 24 hours. and the call‘m\b)lm was assessed using
aMI'T ars represent the mean * SE of 3 experiments.
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Figure 2, Cell viability a s of DOXO and SAHA in 5637 cells,

(A) Effect of DOXO in cell lity was determined by u: . Cell lines were treated with different doses of DOXO (from 0 to 1.5
M) and incubated for 24 hours, (T3) Through MTT assay. ellect ol SAHA was determined, Cell lings were treated with different doses of SAHA
(from 0 (o 1.7 pM) and mcubaled for 24 hours, We selecled a coneentration of DOXO and SAHA with 80% viability for follow-up combination
experiments. (C) 5637 cells were treated with 0.73 uM DOXO andfor 1.43 uM SAHA for 24 hours, and the cell viability wa: ssed using a

MTT assay. Bars represent the mean — SE of 3 experiments
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Figure 3. . DOXO combined with SALIA on inducing cell death were not mainly through ROS induced.

{A) The cell vi ity was determined by using MTT assay. BFTC 905 cells were pretreated with 10 mMW NAC then incubated with 0.95 uM
DOXO andior 2.2 pM SAHA for 24 hours. Bars represent the mean £ ST of 3 experiments,

{B) The cell viability was determined by using M1 assay. 5637 cells were pretreated with 10 mM NAC and treated with 4.73 uM DOXO
andior 1.43 pM SAIIA for 24 hours. Bars represent the mean * SE of 3 experiments.

6

(A) After with 20 pM Z-VAD-FMK, analyzing (.95 pM DOXO andior 2.2 M SAHA treated BFIC 905 cells for 24 hours on the
pmtem expression through westemn blot. 20 M Z-VAD-FMK almost entirely reduced the protein expression of cleaved PARP and y-I2AX:
in expression of PAR and RADS] also partially reversed in combined treatment of BFTC 905 cells. (B) After pretreatment with 40 uM Z-
\AI’) TMK, analyzing 0.73 pM DOXO and‘or 1.43 pM SAHA treated 5637 cells for 24 hours on fhe profein expression through western blot. 40
uM Z-VAD-PMK almosi entirely reduced the protein expression ol cleaved PARP and v-H2AX: proiein expression of PAR and RADSI alsa
partially reversed i combined treatment of 5637 cclls.
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Figure 7. DOXO combined with SAHA activated caspase 8 or caspase 9 in human bladder cancer cells,

(A) 0.95 pM DOXO andvor 2.2 pM SAHA treated BELC 905 cells for 24 hours on the protein cleavage of caspase 8 and caspase 9. Co-treatment
of DOXO and SAHA can significantly induced caspase 8 protein cleavage. (B) 0.73 uM DOXO andior 1.43 pM SAHA treated 5637 cells for 24
hours on the protein cleavage of caspase 8 and caspase 9. Co-treatment of DOXO and SATIA can significantly induced caspase 8 and caspase 9
protein cleavages.

Q Combination of Doxorubicin and Vorinostat is effective in reducing cell viability of BETC 905 and 5637 cells.

Q Doxorubicin combined with Vorinostat significantly up-regulated protein expression of cleaved poly (ADP-ribose)
polymerase (PARP), v-H2AX and cleaved caspase 3.

U Z-VAD-FMK partially reversed the cell viability and completely reduced the protein expression of cleaved poly
{ADP-ribosc) polymerase (PARP) and v-H2AX; protein expression of PAR and RADS1 also partly reversed in
combincd treatment of Doxorubicin and Vorinostat.

Q Combination of Doxorubicin and Vorinostat induced apoptosis through caspase 8/9 activation.

0 Doxorubicin combined with Vorinostat in reducing cell viability of BFTC 903 and 5637 cells were mainly through
caspase 3-PARP pathway but not ROS.

O Combined effect of Doxorubicin and Yorinostat on inducing cell death were majorly through activated caspase 8/9-
caspase 3-PARP-y-112AX pathway.
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The Potential RNA Expression Regulation of Nicotine-Promoted Migration in
T24 Bladder Cancer Cells
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Background and Aim
Bladder cancer is a high recurrent cancer with the opportunity to progress to a high metastatic state which will cause higher mortality. Nicotine is the main component of cigarettes and smoking is the most inducing tactor for bladder

cancer. [n the present study, we want to identify whether nicotine promotes bladder cancer cells proliferation and migration, and if any miRNA involves in the nicotine-induced disease progression mechanism.

Materials and methods

Aller pre-treatment of 10 pM nicotine for 2 weeks in T24 bladder cancer cells, performed cell proliferation and metastasis analysis. Three mesenchymal-related protein expression were analyzed by Western blot. Their mRNAs were
quantified by quantitative real-time polymerase chain reaction (qPCR). RNAs expression were assayed by RNA sequencing (RNA-Seq) and microRNAs were comprehensive analyzed by array chip.

Results and Conclusion

The results showed that 124 bladder cancer cells with 10 pM nicotine treatment for two weeks could promote cell proliferation and cell migration. In Western blot analysis, nicotine could increase the mesenchymal-related protein
expression, including N-cadherin, Snail and Vimentin. The qPCR veritied that the mRNA expression of these three genes also increased. In the microRNA array chip analysis, the data showed there were 50 up-regulated and 1 down-
regulated. In 50 up-regulated genes, after screening by nicotine-increased ratio, normalized intensity, and metastasis-related genes, 9 genes were selected for individual gPCR verification. The only one down-regulated gene was also
examined by qPCR. Finally, we got 3 microRNA (miR-21-5p, miR-181a-5p and miR-320d) which were clearly up-regulated by nicotine treatment. In RNA-Seq data, 239 transcripts were down-regulated by nicotine treatment.
Intersection of the 239 transcripts and 3 microRNA (miR-21-5p, miR-181a-5p and miR-320d)-interacted RNA, 213 transcripts were selected. Delete the genes with low FPKM values and screen the gene [unction, we [ound some
candidates (UACA, TFPI, RND3, UEM1) were down-regulated by nicotine. Next, overexpression of miR-320d in 124 cells confirmed that it could increase 124 cell migration, down-regulated the expression of UACA, TFPI, RND3.
UFMI and increased the expression of metastasis-related genes and proteins. Morcover, we added the miR-320d inhibitor to confirm that it can inhibit cell migration and the mRNA expression of metastasis-related genes, but only up-
regulated the mRNA expression of RND3 gene. In the future work, the cell migration-related function of 124 bladder cancer eells will be analyzed by using knockdown RND3 expression. The novel findings might provide some new
candidates for bladder cancer biomarkers.

Materials and methods
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Results
Figure 1. Nicotine promotes T24 cell migration. (A ) Transwell assay. Pre-treatment of 10 Figure 6. The potential targets ol miR-21-5p. miR-320d. miR-181a-5p from RNA Tigure 7. Nicotine induced UACA, RND3, UFMI
1M nicotine for 2 weeks in T24 bladder cancer cells, plated 3x10* per transwell for 24 sequencing data. Search the potential targets of miR-21-Sp, miR-181a-5p, miR-320d and TFPI down-regulated using real-time PCR
hours. Magnification x40. (B) The quantitative results represent the meantSD from three  from mirRanda, Pita and Targetspy. The potential genes were cross-analyzed with the detection. Expression levels of UACA, RND3,
independent experiments using the bar graph.**P<0.01. result of RNA sequencing. Then select the genes related to cell migration. UFMI and TFP1 mRNA by qPCR. **P<0.01.
A Comol  Nieotne g e
- Gene name| Control | Nicotine|  Log, (N/C) P-valuc
g 93.9523[35.9126] -1.387438375 | 0.00005 | TFPI (Tissue Factor Pathway Tnhibitor) =
< so. o
s HMGA2 |206.075 | 89.5975| -1.201639112 | 0.00185 P £ Control
@ & = (4 - Nicotin
S & & CRND3 ) 84.0799 | 37.0314| -1.183011861 | 0.00005 | RND3 (Rho Family GTPase 3) £, i
3 5 <
Figure 2. Nicotine promotes T24 cells proliferation. Figure 3. Nicotine promotes N-cadherin, ‘(:STI 2746 121078} -| '”_”394876 L E -
Pre-treatment of 10 uM nicotine for 2 weeks in ‘124 snail, vimentin mRNA expression. FGFBPI | 99.5443 | 44.6258 | -1.157460676 0'0001_ ; i
bladder cancer cells, plated 6x10%/well in 12-well for S Expression levels of N-cadherin, snail, INHBA | 107.772 | 48.6642| -1.14704966 | 0.00005 55
days. *P<0.05, #**P<0.01, #**P<().001. vimentin mRNA by qPCR assay. *P<0.05. |MI-RN| 38152 | 172793 | -1.142713914 | 0.00035 =
; = UTMLD| 67.1116] 323293 | -1.053719882 | 0.00165 | UFMI (Ubiquitin Fold Moditier 1)
. = ke H " = @ 126204 | 61.004 | -1.048781889 | 0.0284 | UACA (Uveal Autoantigen With Coiled-
f S LMANL | 111.969] 54.7209] 1032935496 | 0.00005 | el Domains And Ankyrin Repeats)
s g 1 Tigure 8. Overexpression miR-320d promoted T24 bladder cancer cell migration.  Figure 9. Overexpression miR-320d induced
PN S o Sa—— (A ) Transwell assay. Pre-treatment of 10 uM nicotine for 2 weeks in 124 UACA, RND3, UFMI, TFPI down-regulated
bladder cancer cells, plated 3x10* per transwell for 24 hours. Magnification x40. using real-time PCR detection. Expression
Figure 4. Nicotine promotes N-cadherin, snail, vimentin expression in Western blot analysis. (A) (B) The quantitative results represent the meantSD from three independent levels of UACA, RND3, UFM1 and TFPI
Western blot assay. (B) The quantitative results for westem blot.*p<0.05. experiments using the bar graph. *P<0.05. mRNA by qPCR. *P<0.05, **P<0.01.
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Figure 5. Real-time PCR validation of nicotine-increased miRNA expression from miRNA
microarray data. The results indicate that miR-21-5p, miR-181a-5p and miR-320d arc up-regulated
by nicoting in 24 bladder cancer cells by real-time PCR analysis, *P<0.05.
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Tigure 10. Overexpression miR-320d promotes N-cadherin, snail, vimentin expression in Western blot analysis and real-time PCR
detection . (A) Western blot assay. (B) The quantitative results for western blot.*p<0.05. (C) Expression levels of mRNA by gPCR.
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Figure 11. Schematic showing the potential mechanism of accelerated migration by nicotine. Nicotine increases miR-320d expression which might target RND3 Icading to down-
regulation. Therefore, the miR-320d-RND mRNA regulation mechanism might play a role in nicotine-promoted migration in ‘124 bladder cancer cells.
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