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From Genetics to Epigenetics

Time Magazine, 2010 Jan 18



Epigenetics
Heritable changes that modulate chromatin organization and gene expression without 

changes in DNA sequence (Riggs et al., 1996)

Bernstein et al., Nat Biotech 2010
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Character (Hebrew)

punctuation

Ancient Bible



• THERAPIST

• THE RAPIST

• KIDS EXCHANGE

• KID SEX CHANGE



DNA Methylation

cytosine 5-methylcytosine

DNA methyltransferase (DNMT)

Demethylase (Tet, 5hmC)

S-adenosyl methionine (SAM)

• Occurs in CG dinucleotide (CpG)

• CpG islands: CG rich region (500bp-2000bp) in the 
promoter region (of 50% human genes), normally 
unmethylated

• Methylation of CpG island is associated with 
transcriptional repression



Altered DNA-methylation patterns in tumorigenesis

Esteller 

Nat Rev Genet 2007



Methods for DNA methylation Analysis



Laird, Nat Rev Cancer 2010
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Urothelial Carcinoma (Bladder Cancer)

• Diagnosis :

- imaging (X-ray, CT, IVP)

- urine cytology (sensitivity ~50%)

- cystoscopy

• one of the ten most prevalent 

malignancy in Taiwan (male)

• incidence particularly high in 

southwestern Taiwan. (Arsenic 

contamination)

Cooper, Radiographics 2006; 
http://www.drketandesai.com/kidney/things-to-know-about-urinary-
bladder-tumor
http://www.svuhradiology.ie/case-study/obstructing-bladder-tcc/ 



Current non-invasive molecular 

detection for bladder cancer

Test

Number of 

studies 

analyzed

Median 

sensitivity [%]

(range)

Median 

specificity [%]

(range)

BTA stat® 36 67 (34–91) 76 (38–96)

BTA TRAK® 12 63 (17–100) 76 (50–98)

NMP22® Bladder 

Cancer Test
41 72 (31–100) 80 (43–100)

NMP22®

BladderChek® 6 57 (47–85) 86 (40–90)

UBC™-Rapid 13 67 (21–84) 80 (49–98)

HA–HAase 6 88 (83–91) 81 (61–93)

UroVysion® 19 73 (13–87) 90 (40–100)

ImmunoCyt® 16 81 (39–100) 75 (62–95)

Mitra and Cote, Nat Rev Urol 2010



Meo et al., Mol Cancer 2017

Cairns, Nature Rev Cancer 2007

Screening of urological cancer by DNA methylation





Chan et al., Clin Cancer Res 2002

Methylation analysis in bladder 

cancer tissues and urines by MSP



Chan et al., Clin Cancer Res 2002



Methylomics analysis in bladder cancer tissue by 

Illumina 450K methylation microarray

T1 ≥T2

H
U

C

Yeh et al, Oncotarget 2015

T1 ≥T2



ZNF671 is epigenetically silenced by DNA methylation 

in bladder cancer cell lines

Yeh et al, Oncotarget 2015



Ectopic expression of ZNF671 suppress 

tumor growth in vitro and in vivo

Yeh et al, Oncotarget 2015

Colony formation assay Invasion assay



ZNF671 is epigenetically silenced in 

urothelial carcinoma patient samples

Yeh et al, Oncotarget 2015



Patients with higher ZNF671 methylation is 

associated with recurrence

Yeh et al, Oncotarget 2015



Yeh et al, Oncotarget 2015



Summary I

• Combination of DNA methylation biomarkers, 

including ZNF671, can be a sensitive non-

invasive tool for bladder cancer detection and 

recurrent monitoring



Treatment of Urothelial Carcinoma (Bladder Cancer)

Cooper, Radiographics 2006; 
http://www.drketandesai.com/kidney/things-to-know-about-urinary-
bladder-tumor
http://www.svuhradiology.ie/case-study/obstructing-bladder-tcc/ 

• Intravesical chemotherapy

- BCG

- Mitomycin-C

- Cisplatin

• Radiotherapy

• Immune checkpoint inhibitors 

(only for advanced cancer 

with PD-L1 expression ≥ 5%)



Cyproheptadine (CPH, Periactin)

I. The first-generation anti-histamine
serotonin antagonist 

II. Treatment of allergic reactions 

• Hay Fever (1950s)

• atopic dermatitis

• appetite stimulant

• anorexia

• dyspeptic symptoms

• migraine prophylaxis

• antidepressant

• melatoninergic properties

• anti-cancer effect

III. Common side effects

• drowsiness

http://www.google.com.tw/url?sa=i&rct=j&q=cyproheptadine&source=images&cd=&cad=rja&docid=NKsZLbMpPs2hYM&tbnid=YwC7OJ8VouzkwM:&ved=0CAUQjRw&url=http://www.drugs.com/ingredient/cyproheptadine.html&ei=5CXoUYxjkaCVBf6TgJAD&psig=AFQjCNGYVo9nY8oImE5ujb1Xs8ilzgX0pw&ust=1374254575173040
http://www.google.com.tw/url?sa=i&rct=j&q=cyproheptadine&source=images&cd=&cad=rja&docid=NKsZLbMpPs2hYM&tbnid=YwC7OJ8VouzkwM:&ved=0CAUQjRw&url=http://www.drugs.com/ingredient/cyproheptadine.html&ei=5CXoUYxjkaCVBf6TgJAD&psig=AFQjCNGYVo9nY8oImE5ujb1Xs8ilzgX0pw&ust=1374254575173040
http://en.wikipedia.org/wiki/File:Periactin.jpg
http://en.wikipedia.org/wiki/File:Periactin.jpg


Before After

81 days

BMJ Case Reports 2012

Case 1: Advanced HCC patient with lung metastasis, prescribed with

Thalidomide (50mg BID) and Cyproheptadine (for skin itching, 4mg TID)

for 6 months: complete remission of tumors in lung and liver.



P=0.017 P=0.004

Overall Survival Progression-free survival

Feng et al., Jpn J Clin Oncol 2015



Selective anti-cancer effect of CPH in bladder cancer 

in vitro and in vivo

CPH

Hsieh et al., Cancer Lett 2016



CPH induced G1 arrest in bladder cancer

Hsieh et al., Cancer Lett 2016



IRF6 is overexpressed in bladder cancer 

cells treated with CPH or epi-drugs

BFTC905
RNA Seq data

N
M

U

C
K
LF

IB
TK

P
LO

D
2

B
C
L10

R
N
F19

B

S
EC

16
A

S
EC

24
A

C
D
55

IF
T20

N
FB

K
2

TN
IP

1

IL
-1

A
IR

F6

0

50

100

150
Control

CPH 24hr

R
P

K
M

S
V-H

U
C
1

U
M

U
C
3

J8
2

TC
C
S
U
P

TSG
H
83

01

B
FTC

90
5

H
T13

76

0.0

0.5

1.0

1.5

             IRF6 level in UC cell lines

***

IR
F

6
 R

e
la

ti
v
e
 e

x
p

re
s
s
io

n

(t
a
rg

e
tg

e
n

e
/G

A
P

D
H

)

     UC cell lines treated with CPH

U
M

U
C
3

J8
2

TSG
H
83

01

B
FTC

90
5

0

2

4

6

8
DMSO

CPH 24hr

CPH 48hr

CPH 72hr

**

***

***

**

***

***

***

***
* P<0.05
** P<0.01

*** P<0.001IR
F

6
 R

e
la

ti
v
e
 e

x
p

re
s
s
io

n

(t
a
rg

e
tg

e
n

e
/G

A
P

D
H

)

        IRF6 level in UC cell lines

U
M

U
C
3

J8
2

TSG
H
83

01

B
FTC

90
5

0

5

10

15

20

25
DMSO

TSA

5aza

5aza+TSA

**

**

***

***

**

** ***
***

***

***

***

* P<0.05
** P<0.01

*** P<0.001

m
R

N
A

 R
e
la

ti
v
e
 e

x
p

re
s
s
io

n

(t
a
rg

e
tg

e
n

e
/G

A
P

D
H

)



Treatment of CPH or epi-drugs induced 

DNA hypomethylation in IRF6 promoter
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Overexpression of IRF6 

inhibited tumor growth in vivo
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IRF6 is epigenetically silenced in high-

staged bladder cancer patients

TCGA bladder cancer
(n=382)
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IRF6 promoter CpG island
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Summary II

• IRF6 is a potential tumor suppressor that 

is epigenetically silenced in bladder.

• CPH induced IRF6 promoter 

hypomethylation in bladder cancer cells



Treatment of Urothelial Carcinoma (Bladder Cancer)

Cooper, Radiographics 2006; 
http://www.drketandesai.com/kidney/things-to-know-about-urinary-
bladder-tumor
http://www.svuhradiology.ie/case-study/obstructing-bladder-tcc/ 

• Intravesical chemotherapy

- BCG

- Mitomycin-C

- Cisplatin

• Radiotherapy

• Immune checkpoint inhibitors 

(only for advanced cancer 

with PD-L1 expression ≥ 5%)



CTLA-4 PD-1

https://www.youtube.com/watch?v=GIUu239FWMg
https://www.youtube.com/watch?v=GIUu239FWMg


Figure 2 Immune checkpoint blockade

Drake, C. G. et al. (2013) Breathing new life into immunotherapy: review of melanoma, lung and kidney cancer Nat. Rev. 

Clin. Oncol. doi:10.1038/nrclinonc.2013.208



Song et al., J Path 2019

AMUC=Advanced/Metastatic UC



JAVELIN Bladder 100 trial (NCT02603432)



71.3%

58.4%
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