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It suggested that even when the sampling number is two, each average 
expression level indicates correct diagnosis with 99%CI. 
We succeeded to develop a promising candidate of primer set to detect 
 the novel TACC2 isoform by using SmartAmp within 30 minutes. 
 

•	Using	asymmetric	primers;	

																								Turn	back	primer	(TP)	,	Folding	primer	(FP),	Boost	primer	(BP)	
•	Using	Strand-displacement	DNA	polymerase.	

																	“Aac	DNA	polymerase	I”	

•	Simple	incuba8on	(60°C	isothermal).	

•	Rapid	DNA	amplifica8on	(posi8ve	detec8on	point:	15-30	minutes).	

•	1st	Reverse-transcrip8on	(RT)	can	be	combined	for	RNA	detecMon	in	one	step	reac8on.	

SmartAmp:	Smart	AmplificaMon	Process
(1)	We	desgined	a	set	of	primers	for	SmartAmp	across	the	exon-exon	junc8on	of	

the	novel	isoform	of	TACC2,	in	order	to	avoid	amplifica8on	of	genomic	DNA.

(2)	We	measured	the	speed	of	amplifica8on	and	target	specificity	based	on	cDNA.

(3)	We	assessed	the	reac8on	based	on	RNA	as	the	template	in	one	step	containing	

reverse	transcrip8on	step.

OpMmizaMon	of	FP	+TP+	BP	primers 128	paNerns

OpMmizaMon	of		2	candidates	+	ExBP	primers

2	candidates	were	selected

8	paNerns

OpMmizaMon	of		2	candidates	+	OP	primers 8	paNerns

2	candidates	were	selected

2	candidates	were	selected

detec8on	fluorescence

SYBR	Green	

OpMmizaMon	of	2	candidates	with	Eprimer	Eprimer

promising	candidate	of	primer	set	was	selected

We chose 6 patients at random and collected 
multiple samples from each primary cancer lesion.  
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RNA	extrac+on	

each	Sample

Total	RNA	was	extracted	and	

isolated	from	each	samples	

RNeasy®	Plus	Mini	Kit	(Qiagen)

cDNA	synthesis	

2μg	of	total	RNA	was	reverse-

transcribed	with	PrimeScript®	1st	

strand	cDNA	Synthesis	Kit	(TaKaRa)

qRT-PCR	

To	validate	the	expression	levels	of	

biomarker	genes,	qPCR	was	carried	

out	with	ABI	7500	Fast	Real-Time	PCR	

System	(Thermo	Fisher	Scien+fic)	

The	analysis	data	was	compared	with	previous	ones.

pre-opera've	

diagnosis	

post-opera've	

diagnosis
our	biomarker

pa'ent pathology
lymph	node	metastasis	

by	diagnos'c	imaging	

(PET/CT	etc)	
pathology

lymph	node	metastasis	

by	pathological	diagnosis	

lymph	node	

metastasis	

A G1	 LN- G1 LN- LN-

B G1 LN- G2 LN+ LN+

C G1	 LN+ G1 LN- LN-

D G3 LN+ G3 LN- LN-

E G1 LN+ G1 LN+ LN+

F G1 LN+ G1 LN+ LN+

-12

-8

-4

0

4

8

-10 -8 -6 -4 -2 0

Threshold cycle of TACC2(new)

T
h

re
sh

o
ld

 c
yc

le
 o

f 
S

E
M

A
3

D

Low & Intermediate risk group

-12

-8

-4

0

4

8

-10 -8 -6 -4 -2 0

Threshold cycle of TACC2(new)

T
h

re
sh

o
ld

 c
yc

le
 o

f 
S

E
M

A
3

D

Low & Intermediate risk group

metastasis

A

B

C

D

E

F

G

H

osi$ve

nega$ve

A	mean

B	mean

C	mean

D	mean

E	mean

F	mean

LN+

LN+

metastasis

A

B

C

D

E

F

G

H

osi$ve

nega$ve

A	mean

B	mean

C	mean

D	mean

E	mean

F	mean

LN+

LN+

LN- 

LN+ 

LN- 

LN+ 

The average value of each 
multiple sample Each group formed another cluster  

cut	off	value	

calculated	by	

youden	index	

-3.456

-d
Ct
	(T

AC
C2

-S
EM

A3
D
)

Sampling	number

A	(LN-)

D	(LN-)

B	(LN+)

We selected 100,000 times in each case by 
bootstrap method and calculated the average 
expression level. Error bars show 99% 
confidence interval of the average value. Even 
when the sampling number is two, each average 
expression level is not overlapped and indicates 
correct diagnosis. In consideration of sampling 
error, it has to be collected 3 different samples 
from each primary lesion. 

Strategy	for	SmartAmp	primer	design	

In	the	best	primer	combina0on,	the	difference	is	big	between	CT	values	of	template	+/-.	We	validated	all	combina0on	primer	paAerns	and	
succeeded	to	develop	a	promising	candidate	of	primer	set	to	detect	the	novel	TACC2	isoform	by	using	SmartAmp.�

•  We	succeeded	to	develop	a	promising	candidate	of	primer	set	to	detect	the	novel	TACC2	isoform	by	using	SmartAmp.		
•  This	candidate	enable	to	quan0fy	target	RNA	within	30	minutes.	
•  We	have	to	improve	the	quan0ta0vity	of	SmartAmp	by	increasing	sta0ng	template	volume	etc.�

Op3miza3on	of	TACC2	SmartAmp	primers	based	on	novel	TACC2	RNA		�

Scale
chr10:

100 kb hg19
123,800,000 123,850,000 123,900,000 123,950,000 124,000,000

FANTOM5 DPI peak, robust set (phase1 and phase2) with hyperlink to SSTAR

Total counts of CAGE reads

RefSeq Genes

H3K27Ac Mark (Often Found Near Active Regulatory Elements) on 7 cell lines from ENCODE

p8@TACC2
p23@TACC2
p30@TACC2
p31@TACC2
p15@TACC2
p9@TACC2
p7@TACC2

p52@TACC2
p49@TACC2
p20@TACC2
p34@TACC2
p21@TACC2
p10@TACC2
p19@TACC2

p@chr10:123804015..123804053,+

p@chr10:123845220..123845230,+
p@chr10:123845246..123845261,+
p@chr10:123845267..123845279,+
p@chr10:123845284..123845296,+

p@chr10:123847162..123847174,+
p@chr10:123847193..123847204,+

p5@TACC2
p2@TACC2

p13@TACC2
p1@TACC2

p29@TACC2
p33@TACC2

p@chr10:123873239..123873244,-
p6@TACC2

p11@TACC2
p4@TACC2

p16@TACC2
p3@TACC2

p@chr10:123924101..123924135,+

p17@TACC2
p18@TACC2

p@chr10:123954618..123954639,+
p@chr10:123954672..123954673,+

p@chr10:123959529..123959547,+

p36@TACC2
p14@TACC2

p@chr10:124010207..124010214,+

TACC2
TACC2
TACC2
TACC2

TACC2
TACC2
TACC2
TACC2

Total counts

153.535 _

1 _

Layered H3K27Ac

100 _

0 _

は、やり過ぎ
に

UCSC Genes (RefSeq, GenBank, CCDS, Rfam, tRNAs & Comparative Genomics)

RefSeq Genes

Your Sequence from Blat Search

Human ESTs That Have Been Spliced

TACC2
TACC2
TACC2
TACC2

TACC2
TACC2
TACC2
TACC2

BX282179

0 _
UCSC Genes (RefSeq, GenBank, CCDS, Rfam, tRNAs & Comparative Genomics)

exon2� exon3�
Your Sequence from Blat Search

Human ESTs That Have Been Spliced
BX282179Novel	isoform�

TACC2-new	TSS-exon1�
Genomic	region	of	p10@TACC2.	The	lower	panel	shows	the	en0re	region	of	the	TACC2	locus,	and	the	upper	panel	is	a	
zoomed	view	of	p10@TACC2.	Sky	blue	highlighted	background	indicates	p10@TACC2	loca0on	in	both	panels.�

CCAGTTGCTGAAGGGCAGAATTTCCATGCGCCCGCAGCTTCCAAGTCCAGACCACCCCCGAATTCACCTCTGACAAAATTCTGGGGACGCTGGGAACACTGAATCAACATGGGCAATGAGAACAGCACCTCGGACAACCAG

                                                                                             

                                                                                             GAACACTGAATCAACATGGG

AGGACTTTATCAGCTCAGACTCCAAGGTCCGCGCAGCCACCCGGGAACAGTCAGAATATAAAAAGGAAGCAGCAGGACACGCCCGGAAGCCCTGACCACAGAGACGCGTCCAG

             ||||||||||||||||||||                            ||||||||||||||||||||

             GAGTCTGAGGTTCCAGGCGC                            TTTCCTTCGTCGTCCTGTGC           

TACC2-new TSS-exon1

TACC2-exon2

TACC2-exon3

CCAGTTGCTGAAGGGCAGAA                 CTTCCAAGZCCAGACCAC                                                              GAGAACAGCACCTCGGACA
||||||||||||||||||||                 ||||||||||||||||||                                                              |||||||||||||||||||
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We	designed	a	SmartAmp	primer	set	
on	the	novel	TACC2	specific	region	
including	new-TSS-exon1	across	the	
exon-exon	junc0on,	in	order	to	avoid	
amplifica0on	from	genomic	DNA.	

cDNA	template	with	Eprimer	�

RNA	template	with	Eprimer	�

cDNA	template		with	SYBR	green	�

30	minutes�
60	minutes� novel	TACC2	cDNA	or	RNA	

��	��	�,	��	��	4,	��	��	3		
	copies/μl

We	succeeded	to	the	

reac0on	based	on	RNA	

as	the	template	in	one	

step	containing	reverse	

transcrip0on	step.�

By	changing	detec0on	

fluorescence	SYBR	green	

into	Eprimer,	non-specific	

amplifica0on	of	NTC	

disappeared.�

We	validated	its	amplifica0on	in	low	concentra0on	RNA	template	and	made	standard	curve.		

On	the	both	curves,	in	low	concentra0on	(<	10	copies/well)	the	varia0on	of	value	were	large	

and	not	quan0ta0ve.�

Comparison	of	standard	curve	between	SmartAmp	and	qPCR	
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convenBonal	methodour	new	method

Final diagnosis of lymph 
node metastatic state are 
based on post operative 
diagnosis. 
Our biomarker predicted 
each lymph node metastatic 
state correctly in all cases. 

Supplementary Table 5.  Comparison of performance across the methods for discrimination of LN+/LN− 
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Supplementary Table 5.  Comparison of performance across the methods for discrimination of LN+/LN− 

Sensitivity                                       100%

Specificity                                         87.0%

Positive Predictive Value, PPV       44.4%

Negative Predictive Value, NPV    100%

Supplementary Table 5.  Comparison of performance across the methods for discrimination of LN+/LN− 

Sensitivity                                         37.5%

Specificity                                         94.8%

Positive Predictive Value, PPV       42.8%

Negative Predictive Value, NPV      93.5%

Background: Lymphadenectomy in endometrial cancer should be considered depending on individual patients owing to its postoperative risks such as lymphedema. Although assessment of 
lymph node metastasis provides crucial information for appropriate adjuvant management, therapeutic importance of lymphadenectomy for low-intermediate risk patients is a matter of debate. 
Given that sentinel lymph node biopsy is a beneficial but complex method, noninvasive, simple and high-precision diagnosis method for lymph node metastatic state is highly demanded. In a 
previous study, we identified SEMA3D and a novel isoform of TACC2 as promising biomarkers to evaluate lymphatic metastasis based on gene expression patterns in the primary lesion. Here, 
we attempted to optimize sampling method considering tumor heterogeneity and to accelerate gene quantitative analysis for our biomarkers. 
Methodology: Endometrial cancer tissues from new several patients were collected in addition to the previous 115 patients. We collected 5-13 pieces of primary tumor from each new patient. 
We verified gene expressions of each tissue piece by quantitative-PCR to optimize sampling method. Then we assessed whether RT-SmartAmp method, which can detect nucleic acids in one 
step consisting of a reverse transcription and an isothermal amplification of DNA, could quantify our biomarker RNA rapidly. We measured the speed of amplification and target specificity 
based on biomarker RNA as the template in one step containing reverse transcription step. 
Results: We calcu lated the average expression levels by bootstrap method It suggested that even when the sampling number is two, each average expression level indicates correct diagnosis 
with 99%CI. Then we also succeeded to develop a promising candidate of primer set to detect the target mRNA by using SmartAmp. This candidate can detect RNA quantitatively within 30 
minutes without non-specific amplification of negative control by using Eprimer as detection fluorescence. 
Conclusion: Our finding s pave the way for support clinical decisions that minimize irrelevant lymphadenectomy. 
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•  rapid nucleic quantitative analysis
•  Prediction system by risk-scoring
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Cancer tissue is 

homogeneous heterogeneous 
Our biomarkers based on the mRNA 
expression levels of primary region.  

How should we collect  
samples for accurate  
diagnosis from heterogeneous 
cancer tissue?  

Acceleration of gene 
quantitative analysis 
for our biomarkers 
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We have to accelerate 
pretreat and gene 
quantitative analysis. 

Comparison of pre-operative, intra-operative and post-operative diagnosis	
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