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Carbapenem-inducing resistance associated mutations in outer membrane
proteins OmpK3S5 and OmpK36 between ESBL and non-ESBL Klebsiella

pneumoniae isolates
Chia-Hua Chen !, Chih-Wei Chao’, Jen-Jain Lee 2, Chuan-Shee Liu 2, Chishih Chu !
IDepartment of Microbiology and Immunology and Biopharmaceuticals, National Chiayi University,
Division of Infectious Diseases, Chiayi Branch, Taichung Veterans General Hospital

Background

Kiebsiella pneumoniae is a Gram-negative opportunistic pathogen. Recently, an increase of carbapenem resistant isolates is associated with
carbapenem treatment of ESBL- and/or AmpC-producing bacterial infection. Carbapenem-resistant is mediated through multiple mechanisms,
one of the mechanisms is the insertion in outer membrane protein genes ompK35 and ompK36 by various insertion sequences. The purpose of
this study is investigated the effects of different carbapenems on development of carbapenem resistance associated in ompK35 and ompK36

mutations of carbapenem-suceptible ESBL and non-ESBL producing K. pneumoniae.
Methods

Ten carbapenem-susceptible isolates were incubated at 2 or 0.3 pg/ml ertapenem (ETP), imipenem (IPM) and meropenem (MEM) for 36 h.
Carbapenem resistant isolates were investigated for the ompK35 and ompK36 mutations by PCR amplification.
Results

Table 4. Non-ESBL isolates resistant type after three carbapenem induction.
Antibiotic susceptibility and resistant genes (Table 1)

Concentration of carbapenems (pg/ml)

Isolates 17 and 18 were both carbapenem intermediate and carried

. Carbapenem 2 0.3
AmpC related gene, blapua. All non-ESBL isolates were carbapenem Susceptibility Resistant to IPM / MEM / ETP
sensitive except isolate 32 was IPM intermediate. Y 36 Total 32 36 56 60 Total
Table 1. Carbapenem susceptibility and bla gene of the isolates. IPM induction
ESBL NonFSBL R 2/0/2 201 LU 002 - 1113
1 0/1/0 0/1/0 - 2/0/0  0/1/4 2/1/4
7.8 17 18 21 2 32 36 56 60 S 1/2/1 ) 1/2/1 /1/1  0/2/0  5/4/1 ) 6/7/2
bla gene blayy, - -+ + -+ o+ - o+ o+ Total 3 3 2 2 5 9
\ IrPM S S I I S S I ¢ S S MEM induction
iy _MEM S S 1 1 S S S S 5 S R V12 V12 10T 001 g
ETP S S | I S 8§ 8§ S § S I _ - - 0/3/4  0/0/4
ESBL/AmpC R o i i A S 332 3/3/2 6/412 5/5/0 17/15/6
Total 4 4 7 5 20
Carbapenem induction of ESBL and non-ESBL isolates (Table 2 and 3) ETP induction
After 2 pg/ml IPM treatment, 37.5% (12/32), 46.8% (15/32) and 56.3% R 2710 1/0/5 4115 2172 - 2/1/2
(18/32) isolates appeared resistance to IPM, MEM and ETP. 0.3 pg/ml I 0/1/0 37271 3/31  0/1/1 0/0/1 0/1/2
IPM treatment induced highest resistance to ETP (65.5%, 19/29), S 4/4/6  1/4/0  5/8/6  4/4/3 C 665 10/10/8
followed by MEM (31.0%, 9/29), and IPM (27.6%, 8/29). MEM Total 6 6 12 6 6 12

treatment could only develop resistance to ETP at 2 pg/ml. 2 pg/ml ETP  54.4% of isolates were induced resistant after caebapenem treatment.
treatment induced highest resistance to ETP (57.6%, 19/33), followed ESBL isolates treat with low concentration (0.3 pg/ml) carbapenem,

by MEM (39.4%, 13/33), and IPM (9.1%, 3/33). 0.3 pg/ml ETP developed 70.0% resistant isolates. Compared to non-ESBL isolates,
treatment induced highest resistance to ETP (81.25%, 26/32), followed ~ ESBL isolates were more easily to develop carbapenem resistance
by IPM (40.6%, 13/32), and MEM (31.3%, 10/32). (Table 4).
After 2 pg/ml IPM and 0.3 pg/ml ETP treatment, only IPM Table 4. Isolates collected from carbapenem induction experiment
intermediate isolate 32 developed resistance. 0.3 pg/ml IPM treatment Concentration of Resistant isolates / Total isolates [N, (%)]
induced highest resistance to ETP (33.3%, 3/9).. Compared that 0.3 antibiotics (pg/ml) ESBL Non-ESBL Total
pg/ml MEM treatment induced highest resistance to ETP (70.0%, 2 68/124 (54.8) 10/29 (34.5) 78/153 (51.0)
14/’20), followed by IPM (40.0%, 8/20), and MEM (25.0%, 51’20). 03 85/121 (70.0) 10/44 (22.7) 95/165 (57.6)
Table 2. ESBL isolates resistant type after three carbapenem induction. Total 153/245 (62.4) 2073 274) 173/318 (54.4)
Concentration of carbapenems (pg/ml) ompK35 and ompK36 analysis (Table 5)
Carbapenem 2 0.3 ESBL producing isolates could develop carbapenem resistance with
Susceptibility Resistant to IPM / MEM / ETP insertion in ompK36. Induced resistant isolates were not found any
17 18 T?‘“l . 17 18 Total insertion in ompK335. 38.3% induced resistant isolates were resistant
IPM induction to all carbapenems. Among these isolates, 75.0% contained normal
R 90N 4/6/7 121518 777713 122/6 8/9/19 PCR size of ompK35 and ompK36 that showed resistance to the
I 2/2/3 4/7/4 6/9/7 0/1/1 2/172 2/2/3 arb tested. d trati th hanism i Ived i
S 663 R4 14/87 10/9/3 9/9/4 19/18/7 carbapenem tested, demonstrating other mechanism involved in
Total 17 15 32 17 12 29 development of carbapenem resistance.
MEM induction Table 5. Chang in empK35 and oempK36 in 2 pg/ml carbapenem induce ESBL
R 0/0/1 0/0/2 0/0/3 resistant isolates.
1 - 0/1/1 0/1/1 ) Antibiogram
S VIO 31200 47300 ompK36 ompK35 o prp IPM/IPM/EMEM/  IPM/ Total
Total 1 3 — '4(1 3 MEM TP ETP MEM/ETP |N,(%)]
mnduction
R 247 29012 31319 10813 3216 131026 4 N CHENL 2 1725.0)
1 536 745 12710 3/1/1 3/4/0 6/5/1 N 4 6 0 2 5 A 51 (73.0)
S 10/9/3  &/4/0 18133 _ 2/6/00  11/11/1 13171 Total IN. (% 6 24 12 9 26 68 (100.0
Tl 16 17 3 15 17 32 NI gy @53 08 @ my sy B0
M: Mutation, N: normal.
Conclusion

1. Development of carbapenem resistance depended on the isolate’s carbapenem susceptibility and carbapenem types and concentration.
2. Compared to non-ESBL isolates, ESBL isolates were more easily to develop carbapenem resistance under IPM or ETP treatment.
3. Insertion sequence preferred to insertion in ompK36, not ompK33.
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Abstract

At present, bladder cancer treatment includes surgery, chemotherapy, radiation, and immunotherapy. Surgery usually combines with chemotherapy or immunotherapy to reduce the
recurrence. Among them, chemotherapy is mainly divided into intravesical and systemic administration. Mitomycin C (MMC), doxorubicin (DOXQ), epirubicin, valrubicin, thiotepa and cisplatin
(CP) are often used in intravesical therapy to reduce the high recurrence rate of bladder cancer and enhance the induction of cancer cells apoptosis. However, the nephrotoxicity and
neurotoxicity lead to limited dose and responses. Previously, research has showed that significant histone deacetylase (HDAC) expression has been found in mouse bladder cancer animal
models and human bladder cancer samples. Therefore, histone deacetylase inhibitors (HDACI) are very likely to be used in the novel treatment of bladder cancer, in combination with current
anti-bladder cancer drugs, increasing their ability to cause apoptosis. Qur previous study indicated that the toxicity of trichostatin A (TSA) is too high to treat bladder cancer effectively. Thus,
we turned to using vorinostat (SAHA), which is also a histone deacetylation inhibitor. It was approved by the U.S. Food and Drug Administration in 2006 for the treatment cutaneous T cell
lymphoma (CTCL). We aim to investigate whether vorinostat works synergistically with current bladder cancer antitumor chemotherapeutic agents and validated in vitro and in vivo study.
Vorinostat and doxorubicin do have a synergistic cytotoxicity in mice bladder cancer cell MB49-Luc8. But in our in vivo study, the combination of vorinostat and doxorubicin didn’'t show more
potent anti-bladder tumor effect. In the future, we expect to repeat the combination of vorinostat and doxorubicin in the mouse orthotopic bladder cancer model, and observe the growth rate of
tumor volume by using the luminometer.

» Chemotherapy struggle in bladder cancer
« Cisplatin based therapy for bladder cancer has limitations of response rate (40% to 50%), nephrotoxicity and In vitro study
neurotoxicity.

Cytotoxicity of SAHA ( 5637, T24, SV-HUC-1 cells )

Expert Review of Anticancer Therapy 2012; 12- 271.

» The correlation between HDAC and bladder cancer ‘
+ Chromatin structure modulation may be a critical step in bladder cancer progression because increased L Combination evaluation SAHA acceptable

expression of HDAC-1 and 2 is linked to high grade noninvasive urothelial carcinoma. Pre-in vivo study  SELGES DOX?UEE 'caerllcsj ; TETEETIRE [am B

BMC Clinical Pathology. 2014,14:10. -

» HDAC inhibitor — Vorinostat ‘
« ltis first among this new class of targeted anticancer drugs called HDAC inhibitors to be approved by the . SAHA+D

FDA for the treatment of cancer but only for cutaneous T cell lymphoma (CTCL). In vivo study

= Vorinostat is more than just an alternative to established anticancer agents; it is a novel targeted anticancer
C57BL/6 female mice

drug that is selective in its effects on cancer cells.
\ Current Drug Metabolism, 2007;8(4):383-393.
8 mice per group :

3 Group 1 : PBS / control
. ) . L. ) Group 2 : 150 ug SAHA
We hope to validate that the therapeutic ability of doxorubicin against bladder cancer would be +40 ng DOXO

. . Group 3 : 150 ug SAHA
enhanced synergistically by vorinostat. Groupd: 40 ug DOXO

Results - : — : :
v Combination of SAHA with DOXO has more synergistic effect than with MMC and with CP
v Cytotoxicity of SAHA on urothelial cells 10 ™ ™ MB48-LUC8 ICsp
gaptm SVHUCAcels o SeTesls T24 cells ® o o » Vorinostat ( uM ) 4.8
- = | o™ LI m e o Doxorubicin (nM ) 106.4
= g o e, | ® @ ' ‘\.\‘_\ 2 e Cisplatin ( uM ) 41
=™ al® 12 - | = Mitomycin C ( uM ) 0.8
S
= o . . | E— . - [ . —— i MB49-
s =1 02 4 6 8 0 12 10] 150 20 250 300 350 400 450 92 GF 0F LE C0 12 T4 16 35 30 55 40 45 50 55 60 Vﬂmsml_cnui]mmn 9-LUCE CT
T ™S SAHA (pM) DOXO (nM ) MMC ( ) CP(uM) Doxorubicn: Mk A 0.670)
a8h|=- gﬁ' 3 *3 Mx B 0.684]
™1 2% ‘1 MixC 0.695
. % " | Cispltin: ~ MixA 0.933)
o B 3l MixB 1.132
m L 1 MixC 1.504]
Q% . . .
o es 1 2 & s o o1z : s m Lo = w0 02 ot 05 0z o 5 Mitontyein C : M A 0.689)
Qs bom o w % FIC 0f DOXO (M ) FICso 0f MMC ( uM ) FIC, 0T CP{uM ) MixB 0.716
SAHA (M) A Mix Al MixB @ Mix C MiC 0'667
¥" No damage on mice urethelium after 50-150 ug of SAHA by intravesical treatment g, biochemical data ks -
~115 . *Value kess than 1 indicates synergy
Control  SAHA 50 pg SAHA 100 pg SAHA 150 pg 5: [Animal D is| asT | At | BUN [ crEA
_ — - 2 110 UL UL | mgd | mgd | Tr description :
3 c1 + | 3668 | 400 | 239 | 014 | > Freq y : once every one or two days
=105 [ + | 1933 | ato [ 268 | 015 | » Times: 9
Foo 1 e e rw i e e
g - 1001 + |2m9 | 544 [ 252 | 014
Ed 1002 | 4+ |2014] s81 | 312 | ow7
(™. 100-3 + 331 ] s01 [ 312 [ 02
g 1234567 8 9101112131415 150-1 + 6362 | 570 | 253 | 017
Day 1502 |+ 956 | 352 | 300 | 018
== Conirol =e=SAHA 50 ug ===SAHA 100 ug ===SAHA 150 ug 1503 + | 1754 s61 [ 274 | 014
v Combination effect of SAHA and DOXO through intravesical treatment in mouse orthotopic bladder tumor model Serum biochemical data
115 Animal D |Hemolysis| AST ALT BUN CREA Animal ID. [Hemolysis| AST ALT BUN CREA
Control SAHA+DOXO SAHA  DOXO & 50 UL | UL | wed | wed UL | UL | med | med
& 5 : SR s T Control |2 = [ 267 | 521 | 201 | 028 SAHA[ ¢ - 14| 353 | 319 | 030
i 10 —»f ‘:4{' 4 + 8087 | 2348 289 020 10 + 1669 | 1004 326 032
s E 17 + 3431 467 360 026 11 + 343 200 36.6 025
* 105 E 18 + 1480 84 pik 027 12 + 668 349 36.0 028
e @30 19 + 5460 590 375 036 25 + 1448 616 381 023
g g 20 + 1140 652 391 028 26 + 967 390 25 022
£ 100 ] SAHAH4S = | 1669 | 85 | 221 | om 28 = | 14268 1908 | 271 | 024
z 5 2 DOXO [ 6 = 4129 [ 451 | 355 | 029 poxol = = [ 839 | 353 | 309 | 024
_: 95 g 1 + 864 324 310 028 15 + 823 316 289 025
H 1234567891011121314151617181920 %’19 3 + | 135 ] 286 | 331 | 0% 1 + 707 | 201 [ 313 | 023
K Time after tumor implanted ( days ) 21 - 900 | 604 | 358 | 031 20 + 903 | 300 | 375 | 027
@ n + 2649 702 21 033 30 + 117 986 324 033
Control —+-SAHA 150 ug + DOXO 40 ug 0 3 = 12656 | 672 | 347 | 029 31 < [ 3442 | 600 | 35 | 027
‘SAHA 150 ug ~=-DOXO 40ug Cd  SAHADOXD SAMA  DOKO 24 +~ 2193 611 | 428 | 028 32 + | 2551 | 372 | 298 | 035

v' Synergistic effect in vitro trial - We identified the ability of vorinostat to synergize with doxorubicin to augment the destruction of bladder cancer cells in vitro.

v SAHA in vivo trial - Vorinostat concentration from 50 ug to 150 ug doesn’t make the mice bladder markedly abnormal.

v SAHA + DOXO in vivo trial — Due to the tumor volume is vary from each other in group control, we couldn’t make sure if the combination of vorinostat and doxorubicin had more effect
than vorinostat and doxorubicin alone.
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Synthesis and photocytotoxicity of 13-O-lipophilic substituted berberine

derivatives and evaluated for their anticancer activity

Fang-Yu Yang (# 5 4), Hong-Jhih Lin (47 &), Jin-Yi Wu (& # 5)*
Department of Microbiology, Immunology and Biopharmaceuticals, National Chiayi University, Chiayi, Taiwan

INTRODUCTION

Berberine is a quaternary ammonium salt from the protoberberine group of
1soquinoline alkaloids. It has a wide range of biochemical and pharmacological
effects. The aim of this study was to synthesize lipophilic 13-O-substituted
berberine derivatives and to evaluate the photocytotoxic activity against two
human colon cancer cell lines using MTT assay in vitro. In our results revealed
that the longer lipophilic substituents can increase both the cellular uptake and the
inhibition of cell growth on two human colon cancer cell lines. These results
suggested that the presence of lipophilic substituents with moderate sizes might
be crucial for the optimal anticancer and photocytotoxic activity. In conclusion, it
1s confirmed berberine derivatives at 13-O-position bearing long chain n-alkyl
group as anticancer agents and also as potential adjuvant of photocytotoxic or
chemotherapeutic drugs. The present work can be the evidence that berberine
derivatives have potent anticancer photocytotoxic activities against human colon
cancer cells.

MATERIALS AND METHODS

Scheme 1: Synthesis of 13-O-substituted berberine derivatives.

a: R =-(CH,)sCH,
b: R =(CH,)sCHy
©:R=-{CH,);CH,
d: R=-{CH,JsCH,

8: R=+(CH,);4CHy
f: R={CHp)sCHy
&: R =-(CHa)sCHy
h: R = {(CHal7CHy

4a-h

Reagents and conditions: (a) NaBHj, K;CO3, MeOH, 0°C, 2 h; (b) MCPBA, CH,Cly, -20 ~ -30°C, 2 h; then Na;SOs, it,
1 h; (c) n-alkyl bromide, Nal, Et;N, MeOH, refiux, 16-24 h.

RESULTS

Table 1. The IC;, values and lipophilicity of berberine and its derivatives on the growth of two
human colon cancer cell lines for 48 h

Compd R clogp SW430 Ll DLD-1 o
1 9-0-methyl 0.77 822450 >20 )
4a 13-0-butyl 0.95 >20 >20 E
" 13-O-hexyl 2,01 253+073 2514074 'f
4c 13-0-octyl 3.07 134£0.03 1244020
4 13-O-decyl 412 0.77+032 0.70£035
e 13-0-dodecyl 5.18 043+0.04 0.63£0.35
af 13-O-tetradecyl 624 0.79+0.10 0.81+0.11
4g 13-O<cetyl 730 0.59+0.17 0.84+0.16
4n 13-O-octadecyl 8.36 1584022 1.8240.08

A B

UV Intensity

Retins? 2
rm,,,, atey
"’é(u,,,, e

)

Figure 1. HPLC analysis of (A) lipophilicity of compounds 1 and 4a-4e, (B) cellular uptake of 1
and (C) 4e for 0-12 h on DLD-1 cells.

SW480 DLD-1

Control

Dark

Figure 4. Cell morphological changes of DLD-1 treated with 1 (40 pM) and 4e (0.5 pM) for 24 h after irradiation.
Table 2. IC;, values of compounds 1 and 4e on DLD-1 cells in the dark and after irradiation for 24 h

ICs (uM)
Compd SW480 DLD-1
Dark Light PIF (Dark/Light) Dark Light PIF (Dark/Light)
1 >40 >40 1.00 >40 >40 1.00
4e 1.47 0.20%0.02 735 24710.74 0.1810.05 13.72
Concentration (nM) A Cosicsa(ratien (b1
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Figure 5. Cell cycle distribution. Figure 6. Apoptosis and necrosis analysis.
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Figure 2. Cytotoxicity of (A) SW480 and (B) DLD-1 cells treated with compounds 1 and 4e.
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Figure 3. Dark and photocytotoxicity of (A) SW480 and (B) DLD-1 cells treated with compounds
1 and 4e after irradiation (420 nm, 5.6 mW/cny?, 5, 10 and 20 min).
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Figure 7. ROS generating by DCFH-DA assay.

CONCLUSIONS

The introduction of long chain n-alkyl groups at the 13-O-position of berberine was to evaluate anticancer
activity and the lipophilicity of berberine derivatives was analyzed by HPLC method. The photocytotoxic test
confirmed that compounds 1 and 4e increased the cytotoxicity after irradiation. Vacuoles appeared in the
cytoplasm after treated with compound 4e and the number of cells decreased after irradiation showed in the
image and apoptotic radio proved compound 4e induce cell apoptosis after irradiation. We found that 4e
increased the content of ROS generation and loss of mitochondrial membrane potential (A¥m) in the DLD-1
cells after visible light irradiation. In the present study, the berberine derivatives 4e can to be developed as
newly photocytotoxic anticancer agent.
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Figure 8. Mitochondrial membrane potential assay.
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Characterization and improvement of solvent producing Clostridium acetobutylicum HOL1 on

sugar utilization with mimic the lignocellulosic hydrolysates as fermentative substrate,

Department of Microbiology, Immunology and Biopharmaceuticals, National Chiayi University. * Corresponding author

Te-Yui Chen, Yi-Shan Yang, and Chia-Wen Hsieh*

Abstract

Bio-butanol is one of the bioenergy. Its production is mainly by ABE (acetone-butanol-ethanol) fermentation of Clostridium sp. Although most of the
Clostridium sp. have the ability of utilizing lignocellulose as fermentative substrate, the major barrier of bio-butanol production by using lignocellulose
1s low xylose utilization and glucose metabolism repression on xylose. In our lab, the rapid butanol producing strain C. acetobutylicum HOL1 has better
xylose utilization compared with parent strain. In this study, we want to figure out the mechanism of C. acetobutylicum HOL1 on xylose utilization and
butanol production, examine the tolerance capacity of lignocellulosic hydrolysates inhibitor with mimic the lignocellulosic hydrolysates as fermentative
substrate. The results showed C. acetobutylicun HOL1 has higher xylose utilization and butanol production on xylose and mixture of glucose and
xylose. The result of metabolic gene expression level showed xylose metabolic related genes are up-regulated when xylose is present , and down-
regulated when glucose is present, especially the xylose transporter. In the mixture of glucose and xylose, glucose is first depleted, while xylose is
slowly utilized. The present of glucose is helpful to xylose utilization in some conditions. In lignocellulosic inhibitor tolerance experiment, C.
acetobutylicum HOL1 has the tolerance ability compared with lignocellulosic hydrolysates inhibitor concentration in normal conditions, suggested that
C. acetobutylicum HOL1 has its potential on using lignocellulosic hydrolysates as fermentative substrate.

Introduction

| Mimic lignocellulosic hydrolysates ]

Lignocellulose substrate

Figure 1. Overview of mimic lignocellulosic hydrolysates as fermentation

substrate of C. acetobutylicum HOL1

Figure 2. The gene expression of glucose, xylose and ABE metabolic

pathway in C. acetobutylicum.
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Figure 3. Lignocellulosic hydrolysates inhibitors inhibit the
growth of C. acetobutylicum ATCC824 and HOLIL.
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cell

(4) and (B)

ATCC824 and HOL1 tolerance test with different concentrations of
inhibitor. (C) inhibitors tolerance on ATCCS824. (D) inhibitors
tolerance on HOL1. Open graphic indicated ATCC824 and closed

graphic indicated HOL1.
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Expression of Epithelial-Mesenchymal Transition-Related Genes and
their Epigenetic Regulation in Human Colorectal Cancer

Yuan-Chang Dai # 7¢ & and Yi-Wen Liu* %15 *
Department of Microbiology, Imnmunology and Biopharmaceuticals (DMIB), National Chiayi University

Chiayi City, Taiwan
2 Demographic data and IHC scores
Introduction - -

No. Age  Gender Location TNM Stage Histologic type Grade ECDH BCIN VIM

) . ) B 1 0 M Hepatic flex TisNO MO 0 AIS WD 3+ 1+ 0

+ Colorectal cancer (CRC) has been the most prevalent malignancy in Taiwan for consecutive 2 m F Sigmoid TNOMO oA AD.NOS D 34+ " 0

eight years. 357 M Descending T4aNOMO B MUC MD 3+ 1+ 0

Cancer Registry Annual Report, 2014 Taiwan. Health Promotion Administration. 4 ® F Hepatic flex THNOMO mc AD.NOS » 2+ 1+ 0

Ministry of Health and Welfare. Taiwan. December 2016. 5 62 M Sigmoid T4b NO MO mc AD,NOS MD 3+ 2+ 0

6 82 M Ascending T3NIb MO mB AD.NOS MD 3+ 2+ 0

+ Despite the diversity of its etiologic and pathophysiologic factors, a biological process named 7 0m M Rectosigmoid T3HN2Mo mc AD.NOS M 3+ 2+ 0
as epithelial-mesenchymal transition (EMT) is indispensable in the progression of epithelial 8 > M e TaNaMIc we 5K o 1+ 2 3+

9 66 M Ascending T4bN2b Mlc NC AD.NOS MD 2+ 2+ 0

cancer.
10 74 M Splenic flex T4aN2a Mic wc MUC MD 3+ 2+ 0
Kim SA_ et al Brtish Joumal of Cancer 2016, 114: 199-206.

A P o5 60, n s M Rectum TisNOMO 0 AD,NOS WD 3+ 2+ 0

Kamimae S, et al. Oncotarget 2015, 6 (30): 29975-2 n © F TINOMO 1 AD,NOS D e o 0

. . ) ) o 13 57 M Rectum T2NOMO 1 AD.NOS MD 3+ 2+ 0

«+ Therefore, understanding the status of EMT and its regulation in CRC is of crucial importance u 6 M Rectum TINIaMO mB AD,NOS MD 3+ 2+ 0

and could provide novel opportunities in the treatment of CRC patients by preventing cancer 15 3 F Rectum SN2 M mc AD,NOS MD 2+ 2+ 0

progression.

Objective |

+ Our aim is to investigate the correlation of expression and methylation status of EMT-related
genes with the clinicopathologic features of CRC in Taiwan, which may provide the information
for prognosis evaluation and treatment prediction, as well as the potentials of these markers
as therapeutic targets.

Materials and Methods

++ Formalin-fixed and paraffin-embedded (FFPE) tumoral tissue specimens were obtained from
150 patients with CRC.

Expression of 8 EMT-related proteins (epithelial markers: E-cadherin, -catenin, claudin-1,
CD44; mesenchymal markers: N-cadherin, fibronectin, vimentin, S100A4) is explored by
immunohistochemistry (IHC) and its correlation with the clinicopathologic features is assessed
by statistical analysis.

++ Using 50 paired freshly frozen tumoral and adjacent non-tumorous mucosal tissue samples,
bisulfite conversion of the extracted genomic DNA with subsequent PCR, cloning and
sequencing for analysis of CpG methylation level is performed on the statistically significant
EMT-related markers among the proteins stated above.

Correlation between the DNA methylation status and the clinicopathologic features is then
assessed by statistical analysis.

+ Genomic Data Commons Data Portal of National Cancer Institute would be mined for
combined bioinformatic analysis of expression data.

FFPE tumoral tissues
(N = 150)

https://portal.gdc.cancer.gov/

Freshly frozen tissues

T Non-tumorous
umor i
(N =50) I (N =50)
Immunohistochemistry
Epithelial M o
E~cadherin N-cadherin DNA
B<Catenin Fibronectin : <€
Claudin-1 Vimentin Analysis of DNA NS
CDa4 S100A4 methylation level \
1
l l Significant :
markers l'

7
[ Statistical correlation with clinicopathologic features ]__ .

!

Combined bioinformatic analysis of
pression data from Gi ic Data
Commons Data Portal

++ We prospectively performed immunohistochemistry of E-cadherin, B-catenin, and vimentin on
15 CRC patients.

IHC scoring of EMT-related proteins

0 1+ 2+ 3+
ey bl 1 P L/modk . . -
% Vg F ly percep mplete and/or / Complete. intense circumferential
E-cadherin |No staining incompl At i e tisiisi s st
B-Catenin |No nuclear staining | <20% nuclear staining 20~50% nuclear staining >50% nuclear staining
Vimentin | No staining <20% staining 20~50% staining >50% staining

AIS. Adenocarcinoma in situ; AD, NOS, Adenocarcinoma, not otherwise specified: MUC, Mucinous carcinoma: SIG. Signet-ring cell carcinoma;
WD, Well differentiated; MD, Moderately differentiated; PD, Poorly differentiated; ECDH. E-cadherin; BCTN, p-Catenin: VIM, Vimentin.

WD MD PD
Histopathologic grade vs. E-cadherin THC scores  Adenocarcinoma |+ 5
(% test) Gemlick
100
100
%
@ s
© 0 0 0
) WD MD P .
Grade E collersi
p-0Mg THC scoring

"3 om 22w

The expression of E-cadherin is decreased as the histopathologic grade of
cancer evolving from well to poor differentiation.

TisNOMO TINOMO
Stage 0 Stage LA

T4bNOMO T3N2aM0

Cancer stage vs. f-Catenin THC scores
(* test)  aa

100 100 100

enocarcinema
TI&F stain | &

100

58488

parcentage

LIRS 1+ 1+ b3 2+

The nuclear translocation of B-catenin is increased as the cancer progressing
from early to advanced stage.

AdenoCA. NOS  AdenaCA NOS  AdenoCA. NOS
o . Sl . g 3

Histopathelogic F
types

Vimentin is aberrantly expressed in the
signet-ring cell carcinoma.

Vimentin
THC stain |3

Neg (0)

Neg (1) Pos (34)

Conclusion

+ The correlation between the immunohistochemistry scores and the histopathologic grades of
colorectal cancer is statistically significant (p = 0.048*, ¥2 test), showing decreased E-cadherin
expression as the histopathologic grade of cancer evolving from well to poor differentiation.

++ Hence, the EMT-related protein, E-cadherin, may play a role in the progression of colorectal
cancer and have the potential as a biomarker.

+ Completing the immunohistochemical study and the subsequent DNA methylation analysis of
EMT-related markers on the predetermined cohort.

«+ Recruiting larger cohorts with long-term follow-up to evaluate the significance on tumor
recurrence and patient survival.

«* In vitro studies on cell lines to elucidate the underlying mechanisms.
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