
Semi-NestedリアルタイムRT-PCR法による
微小な肺生検検体からの遺伝子発現定量

解析の有用性に関する研究
－非小細胞肺癌における

サイトケラチンmRNA発現量による
組織型鑑別と予後との関係について－

日本大学医学部病態病理学系病理学分野

中西　陽子

申請年　2015 年

指導教員　根本　則道



I ········································································
II ·······························································
III ········································································ 13
IV ·································································· 14
V I······································································ 15
V-1 ········································································ 15
V-2 ········································································ 15
V-3 ········································································ 20
V-4 ········································································ 24

VI II····································································· 25
VI-1 ········································································ 25
VI-2 ········································································ 25
VI-3 ········································································ 30
VI-4 ········································································ 31

VII ········································································ 33
VIII ········································································ 38

·············································································· 39
·············································································· 47
·············································································· 65
············································································ 81
············································································ 88

············································································ 102



AKT1
v-akt murine thymoma viral oncogene 

homolog 1

PI3K

ALK Anaplastic lymphoma kinase

BRAF
B-Raf proto-oncogene, serine/threonine 

kinase

cDNA Complementary DNA DNA

CK Cytokeratin

cMET
MET proto-oncogene, receptor tyrosine 

kinase 

DAB 3,3'-Diaminobenzidine, tetrahydrochloride
3,3'

EDTA Ethylenediaminetetraacetic acid

EGFR Epidermal growth factor receptor

EML4
Echinoderm microtubule associated protein 

like 4
ALK

FFPE Formalin fixed and paraffin embedded

GAPDH
Glyceraldehyde 3-phosphate 

dehydrogenase 

3

HER2 Human epidermal growth factor receptor 2

HPV Human papi oma virus

IF Intermediate filament

JAK1 Janus kinase 1 

KIF5B Kinesin family member 5B ALK

KRAS Kirsten rat sarcoma viral oncogene homolog 

LMD Laser microdissection

mTOR Mechanistic target of rapamycin 



NADPH
Nicotinamide adenine dinucleotide 

phosphate

NCBI
National Center for Biotechnology 

Information

Nox NADPH oxidase

NADPH

Rho G

PBS Phosphate buffered saline

PCR Polymerase chain reaction

PI3K
Phosphatidylinositol-4,5-bisphosphate 

3-kinase, catalytic subunit alpha 

PS Propo tion score

QP Quenching probe

qRT-PCR
Quantitative reverse 

transcription-polymerase chain reaction
mRNA PCR

RhoA Ras homolog family member A G

RT-PCR
Reverse transcription-polymerase chain 

reaction
mRNA PCR

SDS Sodium dodecyl sulfate

SNP Single nucleotide polymorphism

snqRT-PCR
Semi-nested quantitative reverse 

transcription-polymerase chain reaction

1 2

RT-PCR

SP Surfactant protein

STAT3
Signal transducer and activator of 

transcription 3

TK Tyrosine kinase 

TKI Tyrosine kinase inhibiter

TTF-1 Thyroid transcription factor 1
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(EGFR) 

anaplastic lymphoma kinase (ALK) 

1mm

(TTF)-1 Napsin A

(CK)7 CK5/6 CK14 p63 p40
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mRNA

mRNA

I

(FFPE) mRNA

II

mRNA

2009 2010 47
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I FFPE (LMD)
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Total RNA (c) DNA

(CK) 6 CK7 CK14 CK18

(TTF)-1 glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH)

FFPE semi-nested quantitative reverse

transcription polymerase chain reaction (snq RT-PCR) FFPE

1

RT-PCR 2 qRT-PCR

CK5/6 CK7 CK14 CK18 TTF-1

II I

CK18 CK18

DNA

(EGFR) Kirsten rat sarcoma 

viral oncogene homolog (KRAS) quenching probe (QP) 

DNA Anaplastic lymphoma kinase 

(ALK) DNA

I cDNA snqRT-PCR EGFR

Mann-Whitney U

log-rank

2 SPSS Statistics version 20.0 (IBM)
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I FFPE

qRT-PCR 104 / L

snqRT-PCR 101 / L

Snq RT-PCR

CK7 CK18 TTF-1 mRNA

(P < 0.05) CK6 CK14 mRNA (P

< 0.05) CK18 mRNA (P < 0.05) CK6 mRNA

(P < 0.05) 

II I CK18 mRNA

CK18 mRNA 342.7

932.9 CK18

(P = 0.01 log-rank) CK18

phosphoinositide-3-kinase, catalytic, alpha polypeptide (PI3K) mRNA

(P = 0.01) ras homolog gene family (Rho)

A mRNA
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snq RT-PCR

mRNA

CK18 mRNA CK6 mRNA

CK18 mRNA

CK18

Nicotinamide adenine 

dinucleotide phosphate oxidase (Nox) 1 CK18

CK18 mRNA

PI3K mRNA RhoA mRNA

Nox 1 Rho G

RhoA

Nox1 CK18

PI3K CK18 mRNA

CK18

CK18

snqRT-PCR
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snqRT-PCR

CK18 

mRNA

CK18
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II

II-1.

II-1-1.

[1] 

2012 360,963 1 2

1

50% 25 30% 10 15%

%

( 1)

II-1-2.

[2]

[2]

1
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2

[2]

(EGFR) 

(TKI) [3] EGFR-TKI

2002

EGFR [4] EGFR 

exon18 exon 21 TK

2009 EGFR-TKI EGFR

[4]

2007 echinoderm microtubule 

associated protein like 4-anaplastic lymphoma kinase (EML4-ALK)

[5] ALK TK

[6] 2011

II-1-3.
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[7]

(HE) 

thyroid transcription factor (TTF) -1[8]

(SP)[9] (CK)7[10] Napsin A[11]

TTF-1

II

[8] SP

SP-B SP-C

SP-A SP-D

[9] Napsin A A1

38kDa

[11]

CK7[10] CK5/6[10]

CK14[10] p63[12] p40[13] (CK)

P63 p53 1
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DNA

[12]

(CK) 

[10]

II-1-4.

1

(intermediate filament : IF) 3

2

[14]

cDNA 6

( 2) 54

( 3)

CK7 CK20

( 4)[15]

II-1-5.

80%
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[16]

1mm

HE

EGFR ALK

70%

( 3)

II-1-6

semi-nested (snq) reverse 

transcription-polymerase chain reaction (RT-PCR)

RT-PCR

4 1 RT-PCR

2 PCR

nested RT-PCR 1 RT-PCR

Semi-nested RT-PCR [17] semi-nested PCR
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PCR snqRT-PCR [18]

(q)RT-PCR qRT-PCR

mRNA

[17,18] FFPE

(LMD) 

( 5) CK

mRNA

CK

snqRT-PCR CK 

mRNA
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III.

I

(FFPE) mRNA

II

mRNA
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IV.

2009 2010

52

(

RK-121109-9) 5
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V. I

V-1.

(FFPE) 

mRNA

V-2.

V-2-1. (LMD)

8 m

LMD (Carl Zeiss Microscopy, 

Oberkochen, Germany) 60

100% 10

100%

100% 1

PALM MicroBeam III-N (Carl Zeiss Microscopy)

2

1

V-2-2. Total RNA

RNA 1 200 l 2% sodium dodecyl sulfate

(SDS) 0.1 mM ethylenediaminetetraacetic acid (EDTA) 10 mM
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Tris-HCl)

LMD 200 L

RNA 1.5 mL

2 M 20 l (pH 4.0) 220

l (24:1) 60 l

(voltex) 

30 ( 10,000 16,000 rpm)

1.5 ml

2 l 200 l

80 30

4 30 (15,000 rpm) 

70% 200 l (4 15,000 rpm 5

) ( 30 )

5 l RNase free Nano Drop (Thermo Fisher 

Scientific Inc. MA, U.S.A) RNA

80

V-2-3. DNA cDNA

V-2-2 RNA QuantiTect® Reverse Transcription Kit 

(QIAGEN, GmbH, Hilden, Germany) DNA cDNA

RNA 100 ng cDNA

100 ng 1/2 cDNA

cDNA
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V-2-4. DNA

6 0.2 mL

PC808 ASTEC, Tokyo, Japan 42 2

V-2-5. cDNA

V-2-4 7

PC808 ASTEC 42 20 95 7

4

V-2-6. Semi-nested RT-PCR

snqRT-PCR CK CK 6, CK 

7, CK 14, CK 18 , CK19 mRNA

TTF-1 mRNA

glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 

mRNA mRNA

1 RT-PCR AmpliTaq Gold® 360 Master Mix (Thermo 

Fisher Scientific Inc.) 8

GenBank (National Center of Biotechnology Information : NCBI)

Primer 3 Plus 

(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi, All rights 

were reserved by Whitehead Institute for Biomedical Research, Steve Rozen, 
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and Helen Skaletsky.) PCR

(95 ) (Tm ) (72 ) 3 step

(95 ) 60 2

step [19] SYBR 

Green I qRT-PCR

[20] RT-PCR

RNA 150bp DNA

(melting temperature : Tm) qRT-PCR 60

±0.5 PCR

(G) (C) 50% 3

9

0.2 mL PC808 (ASTEC)

95 10 94 30 60 30 72 1

25 72 7 4

1 L SYBR Green PCR Master Mix 

(Thermo Fisher Scientific Inc.) 10 ABI

Prism 7000 Sequence Detection System (Thermo Fisher Scientific Inc.) 

qRT-PCR 95 10 95 15

60 1 40 1 RT-PCR

9

V-2-7. template DNA

RT-PCR
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RT-PCR Microcon 100 (Takara Bio Inc., Shiga, 

Japan) Nano Drop 1000 (Thermo Fisher Scientific Inc.)

101 107 / L Tris-EDTA 

buffer

V-2-6 snqRT-PCR

GAPDH mRNA

V-2-8

4 m

1 11

(Nichirei Bioscience, Tokyo, Japan)

3 5

( 30 )

Phosphate buffered saline (PBS)

( Max PO Multi, Nichirei 

Bioscience) ( 30 )

PBS 3,3-diaminobenzidine (DAB)

10

PBS
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2

proportion score (PS)

score 0 10 % score 1 10-50 % score 2 51-80 % score 

3 80% score 4

snqRT-PCR

V-2-9

Mann-Whitney 

U

SPSS Statistics version 

20.0 (IBM)

V-3.

V-3-1 Snq RT-PCR

snqRT-PCR qRT-PCR

104 / L 107 / L mRNA

snqRT-PCR 101 / L 107 / L

mRNA ( 6-A) snqRT-PCR

( 6-B)
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V-3-2.

FFPE snqRT-PCR mRNA

(PS) 12 CK7 CK18

TTF-1 90.9% 100% 66.7% PS

(P < 0.05)

CK5/6 CK14 100% 100% PS

(P < 0.05) CK7 CK18 

TTF-1 12.5% 12.5% 50.0%

( 7)

4 CK7

CK18 ( 7-A, B) CK19 ( 7-C) TTF-1

( 7-D) CK5/6

CK14 ( 7-E, F)

CK5/6 CK7 CK18 CK19

CK5/6 CK18 ( 7-G, H)

CK7 CK18 ( 7-I, J) CK7 CK18

CK5/6 CK19

CK20

( )

V-3-3 (IHC) mRNA

CK5/6 CK7 CK14 CK18 TTF-1 PS
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mRNA CK5/6

CK7 CK14 CK18 IHC PS mRNA

13 TTF-1 PS mRNA

(CK) 20 IHC

mRNA ( )

V-3-4 mRNA

FFPE

CK6 CK7 CK14 CK18 CK19 TTF-1 mRNA snqRT-PCR

8 CK7 CK18 TTF-1

mRNA

(P < 0.05) CK6 CK14 mRNA

(P < 0.05) CK5/6 CK7 CK18 IHC

mRNA

V-3-5. (IHC) mRNA

CK TTF-1 IHC

mRNA

14 mRNA 0.1

IHC

mRNA mRNA

TTF-1 mRNA TTF-1 IHC
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V-3-6.

CK7 CK18 mRNA I

( 9-A)

CK6 CK14 mRNA IV

( 9-B)

mRNA

15 CK18 mRNA III IV

III

(P = 0.02) CK7 mRNA

mRNA

16 III IV

CK6 mRNA (P = 0.02) CK14 mRNA

V-4.

I

FFPE

mRNA
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CK mRNA

mRNA CK18 mRNA

CK6 mRNA 3

CK18 mRNA

IV

CK18 mRNA

CK18 mRNA
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VI II

VI-1.

CK18 mRNA

CK18 mRNA

VI-2. 

VI-2-1. FFPE DNA

DNA Sodium dodecyl sulfate (SDS) 0.125 g RNase free

13 ml 60 0.5 M Tris-HCl

(pH8.0) 0.5 ml 0.5 M EDTA (pH8.0) 1.25 ml 1 M NaCl 2.5 ml

RNase free 25 ml

LMD DNA 200 l

K 5 l 55

(pH8.0) 100 l

(24:1) 100 l ( 15,000 rpm 10 )

1.5 ml

1/2 7.5 M 2 100% 1 l

20 30

4 15,000 rpm 30

5 l TE buffer 4
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VI-2-2. Quenching probe

FFPE DNA

DNA

quenching probe (QP) QP

quenching probe PCR Tm probe

DNA 2 1

(Tm ) 1

[21] DNA

10

Tm

(Tm )

single nucleotide polymorphism (SNP)

DNA epidermal 

growth factor receptor tyrosine kinase inhibiter (EGFR-TKI)

[22] FFPE

EGFR exon 19

EGFR exon 21 L858R kirsten rat sarcoma viral oncogene homolog

(KRAS) codon12, 13 BRAF V600E
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i-densy Pack UNIVERSAL (ARKRAY) EGFR KRAS BRAF

25 L

17

DNA 4 L

i-densy5320 (ARKRAY) PCR Tm

VI-2-3. ALK

Anaplastic lymphoma kinase (ALK) 2007 Soda, Mano

[6]

Echinoderm microtubule associated protein like 4 (EML4) kinesin family 

member 5B (KIF5B) colied-coile

3’ ALK ( 11)

ALK-TKI

ALK ALK

3’ ALK

( 12) ALK

ALK

FFPE 4 L

ALK iAEP ( )

98 40

PBS 3%

( 5 ) PBS
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1 ( ALK 5A4

) ( 30 )

PBS (ALK iAEP

) ( 15 )

PBS (ALK iAEP

) 30

PBS DAB ( 10 )

Anaplastic lymphoma

2

VI-2-4. DNA

VI-2-1 DNA 1 L AmpliTaq Gold® 360 

Master Mix (Thermo Fisher Scientific Inc.) AC808 (ASTEC) 

PCR 18 0.2 mL

PC808 (ASTEC) 95 10

94 30 60 30 72 1 25 72 7

4 PCR 5 L Dye 

(Toyobo Co., Ltd., Osaka, Japan) 1 L 2%

SYBR Green I (Takara Bio Inc.)

PCR 20 L Microcon 100 (Takara



－  29  －

29

Bio Inc.) NanoDrop 1000 (Thermo Fisher Scientific Inc.)

DNA

BigDye Terminator v1.1 Cycle Sequencing Kit (Thermo Fisher 

Scientific Inc.) 19

PC808 (ASTEC) 96 1 96 10 50 5 60 4

25 4 BigDye Terminator 

Purification Kit (Thermo Fisher Scientific Inc.) 20 L

ABI Prism 310 Genetic Analyzer (Thermo Fisher Scientific Inc.)

VI-2-5. snqRT-PCR EGFR

I cDNA snqRT-PCR EGFR

MET proto-oncogene, receptor tyrosine 

kinase (cMET) phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic 

subunit alpha (PI3K) v-akt murine thymoma viral oncogene homolog 1

(AKT1) mechanistic target of rapamycin (mTOR) Janus kinase 1 (JAK1)

signal transducer and activator of transcription 3 (STAT3) Human

epidermal growth factor receptor 2 (HER2) Ras homolog family member A

(RhoA) mRNA snqRT-PCR I

I 20 GAPDH 

mRNA Ct [23]

VI-2-6. 

CK18 mRNA log-rank
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CK18 mRNA

2 CK18

Mann-Whitney U mRNA

CK18

SPSS Statistics version 20.0 (IBM)

VI-3. 

VI-3-1. CK18 mRNA

CK18mRNA

13 CK18 342.7

932.9 CK18 (P = 0.01)

VI-3-2. QP EGFR KRAS

QP EGFR KRAS

14 Tm

14 QP

VI-3-3. ALK

( 15-A, C) ALK

ALK 1 ALK
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( 15-B) DNA

EML4 exon13/ALK exon 20 (

15-D)

VI-3-4.  

EGFR 

18.0% KRAS 13.0% ALK

1.0%

21 CK18

( 22)

VI-3-5. CK18 EGFR

CK18 EGFR

23

CK18 Her2 RhoA CK7 TTF-1

c-MET

EGFR CK18 mRNA

CK18

PI3K (P = 0.011 24) CK18 PI3K JAK1

Her2 CK7 RhoA

VI-4.

II
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CK18 mRNA CK18 mRNA

CK18 mRNA

PI3K

RhoA

PI3K RhoA

CK18 mRNA
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VII.

[24]

1 mm 

(FFPE) 

[25-31] mRNA

mRNA LMD

[32-35]

LMD mRNA

snqRT-PCR
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snqPCR snqRT-PCR

DNA [36] DNA

[17, 18]

FFPE mRNA

FFPE snqRT-PCR

mRNA qRT-PCR 103

mRNA

mRNA

1-2 RNA

mRNA

CK18 mRNA CK6 mRNA snqRT-PCR

mRNA

CK6 

mRNA
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CK18 mRNA IV CK18 

mRNA

18 CK8

[14, 37]

CK18 [38]

CK18

CK18

CK18 mRNA

mRNA

CK18 mRNA

CK mRNA

[39, 40] CK18
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CK18 mRNA CK18

[41]

CK18

EGFR

EGFR KRAS

ALK CK18 mRNA

EGFR EGFR-TKI

ALK

CK18 mRNA

CK18 mRNA

CK8/18 human papilloma virus (HPV) E6/E7 Ras

[42, 43]

CK18

[44, 45] CK18

nicotinamide adenine dinucleotide phosphate oxidase 

(Nox) 1 CK18

[46] CK18 mRNA
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PI3K mRNA RhoA 

mRNA Her2 mRNA Nox 1

Rho G

RhoA

Nox1 CK18

( 16) CK18

EGFR EGFR

Her2 Her2

PI3K RhoA CK18 (

16) PI3K

CK18 mRNA

CK18

( 16)

CK18 CK18

in vivo
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VIII

snqRT-PCR

CK18 mRNA

CK18 EGFR

CK18
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1.

Type A (GGO )

Type B

Type C

Type D

Type E

Type F
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2. IF

IF proteins

I Acidic keratin K9-K28 (cytokeratin), K31-K40 (hair keratin)

II Basic keratin K1-K8 (cytokeratin), K71-K80 (cytokeratin), 

K81-K86 (hair keratin)

III Desmin, Vimentin, Peripherin, Glial fibrillary acidic 

protein (GFAP), Syncoilin

IV IF Light neurofilament protein (NF-L), Medium NF 

(NF-M), Heavy NF (NF-H), -internexin, Synemin 

, Synemin , Nestin

V Lamin A, Lamin A 10, Lamin C1, Lamin C2, Lamin 

B1, Lamin B2, Lamin B3

VI IF CP49(phakinin), Filensin(CP115)
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3

Type II (basic) keratin Type I (acidic) keratin

(kD) (kD)

CK9 64

CK1 67 CK10 56.5

CK2 65 CK11 56

CK3 63 CK12 55

CK4 59 CK13 51

CK5 58 CK14 50

CK15 50

CK6 56 CK16 48

CK7 54 CK17 46

CK8 52 CK18 45

CK19 40

Merkel CK20 46

Ann NY Acad Sci 1985;455:282-306
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4 CK7 CK20

CK7+ / CK20+ Merkel

CK7+ / CK20 ( )

CK7 / CK20+

CK7 / CK20-

Histopathology 2002;40:403-439
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5

* Alive: 3
Death: 3

Carcinoma samples

Age (years)

male:female (n)

Histology (n)

adenocarcinoma

squamous cell carcinoma

small cell carcinoma

Stage (n)

I

II

IIIA

IIIB

IV

Prognosis (n)*

alive

death

no information

Non-neoplastic samples

Age (years)

Total (n)

67.5 ± 9.3

31 :16

25

13

9

4

4

7

21

11

20

22

5

5

69.2 ± 9.5

52
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6. DNA

1/2

DNA Wipe Out

RNA RNase free 

2 L

12 L

1 L

6 L

Total 14 L 7 L

7.

1/2

Primer mix

(Oligo dT + random primer : pre 

mixed) 

QuantiTect RT buffer

Reverse transcriptase

DNA

1 L

4 L

1 L

14 L

0.5 L

2 L

0.5 L

7 L

Total 20 L 10 L
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8. RT-PCR

Component Final Conc. Volume/1 tube

2×AmpliTaq Gold® 360 Master Mix

GC enhancer

Forward primer

Reverse primer

D.W.

cDNA 

Total

1 ×

100 nM

100 nM

8.2 

20

9. RT-PCR

Target Forward primer Reverse primer Tm*
( )

Product 
size 
(bp)

CK 5 5’-caaggttgatgcactgatgg-3’ 5’-tcagcgatgatgctatccag-3’ 60.0 150

CK 6 5’-gacctggtggaggacttcaa-3’ 5’-gtaggcagcatccacatcct-3’ 60.0 105

CK 7 5’-caggatgtggtggaggactt-3’ 5’-ttgctcatgtaggcagcatc-3’ 60.0 116

CK14 5’-ggcctgctgagatcaaagac-3’ 5’-gtccactgtggctgtgagaa-3’ 60.0 83

CK18 5’-gagatcgaggctctcaagga-3’ 5’-ctgagatttgggggcatcta-3’ 60.0 126

CK19 5’-tttgagacggaacaggctct -3’ 5’-agctcttccttcaggccttc-3’ 60.0 128

TTF-1 5’-ctccttgggaatgactggaa-3’ 5’-ccaagcaccacgatttcttt-3’ 60.0 108

GAPDH 5’-ggaaggtgaaggtcggagtca-3’ 5’-gtcattgatggcaacaatatccact-3’ 60.0 101

* Tm( ) = 81.5 +16.6(log[M+]) + 0.41(%[G+C]) – 500/n
M+: n : ( ) %[G+C] GC (%)

PCR M+(Na+ K+) 50 mM(=0.05 M)
log 0.05 = -1.3
Tm( ) = 59.9 + 0.41(%[G+C]) – 500/n
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10 qRT-PCR

Component Final Conc. Volume/ 1 tube

2×SYBR®Green PCR Master 
Mix

1×

100 nM

Reverse Primer 100 nM

D.W.

Template cDNA

Total
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11 1

Target Company Animal Clone Dilution 
ratio

Antigen retrieval

CK5/6 DAKO Mouse D5/16 B4 ×100 A.C.(pH 9)

CK7 DAKO Mouse OV-TL 12/30 ×100 A.C.(C.B.)

CK14 Novocastra Mouse LL002 ×20 A.C.(C.B.)

CK18 DAKO Mouse DC10 ×50 A.C.(C.B.)

CK19 DAKO Mouse RCK108 ×80 A.C.(C.B.)

TTF-1 DAKO Mouse 8G7G3/1 ×200 A.C.(C.B.)
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12

Target Adenocarcinoma Squamous cell carcinoma Small cell carcinoma Non-neoplastic 
lung tissue*1

CK5/6 5/33 (15.2%)
0.31 ± 0.69

11/11 (100%)
*3.00 ± 0.00

0/8 (0%)
0.00

5/5 (100%)
3.00 ± 0.00

CK7 30/33 (90.9%)
*2.44 ± 0.98

2/11 (18.2%)
0.45 ± 1.04

1/8 (12.5%)
0.13 ± 0.35

5/5 (100%)
2.60 ± 0.55

CK14 2/31 (6.5%)
0.17 ± 0.46

11/11 (100%)
*2.18 ± 0.87

0/8 (0%)
0.00

0/5 (0%)
0.00

CK18 27/27 (100%)
*2.81 ± 0.57

6/12 (50.0%)
0.75 ± 0.97

1/8 (12.5%)
0.13 ± 0.35

5/5 (100%)
4.00 ± 0.00

CK19 26/32 (81.3%)
1.57 ± 1.09

6/12 (50.0%)
1.17 ± 1.27

0/8 (0%)
0.00

5/5 (100%)
0.55 ± 1.40

TTF-1 22/33 (66.7%)
*1.74 ± 0.46

1/12 (8.3%)
0.08 ± 0.29

4/8 (50.0%)
1.28 ± 1.25

0/5 (0%)
0.00

* adenocarcinoma squamous cell carcinoma

P < 0.05, Mann-Whitney’s U test

13 PS mRNA

Target
IHC score (PS) Correlation 

coefficient P value
1 2 3 4

CK5/6 0.03 ± 0.02 No sample 0.04 ± 0.00 3.24 ± 5.43 0.43 0.010*

CK7 0.01 ± 0.01 0.10 ± 0.27 0.10 ± 0.22 11.16 ± 31.6 0.36 0.0015*

CK14 0.03 ± 0.08 0.70 ± 1.55 13.4 ± 20.7 30.13 ± 45.9 0.48 < 0.001**

CK18 0.05 ± 0.06 0.11 ± 0.00 0.24 ± 0.13 5.52 ± 15.7 0.52 0.001**

TTF-1 1.58 ± 1.32 No sample 45.3 ± 76.8 339.5 ± 470.8 0.26 0.07

*P < 0.05 **P < 0.001
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14 mRNA

(AD) CK18 IHC 1 0.50
CK18 mRNA 0.88 1

CK7 IHC 0.91 0.82
CK7 mRNA 0.44 1

TTF-1 IHC 0.67 0.92
TTF-1 mRNA 0.88 0.23

(SQ) CK6 IHC 1 0.85
CK6 mRNA 0.69 1

CK14 IHC 1 0.94
CK14 mRNA 0.80 1
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15 CK7 CK18 mRNA

*P < 0.05, N.S.: no significant

No. Age Gender Stage Prognosis
CK7 mRNA CK18 mRNA

expression level(/GAPDH) expression level(/GAPDH)

1 77 M Alive 0.01 0.02

2 77 M Alive 5.31 0.28

3 63 M Alive 0.22 0.19

4 72 F Alive 0.00 0.27

5 79 M Alive 0.29 0.07

6 61 M Alive 0.00 0.00

7 53 F Alive 0.00 0.81

8 60 M Alive 0.26 N.S. 0.47 P = 0.02*

9 78 F Dead 0.00 0.86

10 62 M Dead 0.10 7.73

11 65 F Dead 36.70 0.27

12 59 M Dead 0.03 19.43

13 54 M Dead 5.97 67.60

14 62 F Dead 0.01 0.29

15 76 F Dead 0.01 0.70

16 83 F Alive 0.00 0.13

17 77 F Alive 15.35 0.04

18 62 M Alive 0.00 0.49

19 68 F Alive 0.03 N.S. 0.27 P = 0.08

20 48 M Dead 0.06 0.25

21 55 M Dead 5.66 0.51

22 67 F Dead 0.03 0.23

23 71 M Dead 0.01 18.00

24 66 M Dead 0.00 0.69

25 69 M Dead 1.61 2.89
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16 CK6 CK14 mRNA

No. Age Gender Stage Prognosis
CK6 mRNA CK14 mRNA

expression level(/GAPDH) expression level(/GAPDH)

1 75 M Dead 0.02 37.3

2 74 F Alive 0.11 0.31

3 66 M Dead 2.66 1.75

4 76 M Dead 18.4 106.9

5 62 M Alive 0.01 0.01

6 67 M Alive 0.43 P = 0.07 P = 0.02* 39.1

7 65 M Alive 0.02 0.00 N.S.

8 70 M Alive 0.03 0.03 N.S.

9 64 M Dead 2.95 3.48

10 52 M Dead 1.83 2.64

11 64 M Dead 0.19 0.44

12 62 M Dead 3.12 2.46

13 81 M Dead 54.6 137.2

*P < 0.05, N.S.: no significant
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17.

Target Forward primer

EGFR exon21 Forward primer 5’-aggaacgtactggtgaaaacaccgc -3’

Reverse primer 5’-gcctccttctgcatggtattctttctc-3’

probe 5’-ttggcccgcccaaaatc -3’

EGFR exon19 Forward primer 5’-tctctctgtcatagggactc -3’

Reverse primer 5’-gaaactcacatcgaggatttc -3’

probe 5’-cccgtcgctatcaaggaattaagagaagc -3’

EGFR exon20 Forward primer 5’-tccaggaagcctacgtgatggccag -3’

Reverse primer 5’-ccaatattgtctttgtgttcccggacatagtc -3’

probe 5’-tgagctgcatgatgaggtgcac-3’

KRAS Forward primer 5’-aaggcctgctgaaaatgactg-3’

Reverse primer 5’-ggtcctgcaccagtaatatgca -3’

probe 5’-ctcttgcctacgccaccagctccaact -3’

BRAF Forward primer 5’-tgcttgctctgataggaaaatgagatctac -3’

Reverse primer 5’-aaactgatgggacccactccat -3’

probe 5’-gctacagagaaatctc -3’
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18 PCR

Component Final Conc. Volume/1 tube

2×AmpliTaq Gold® 360 Master Mix

GC enhancer

Forward primer

Reverse primer

D.W.

cDNA 

Total

1 ×

100 nM

100 nM

25

1.0

0.5

0.5

23.0 

50

19

Component Volume/1 reaction

BigDye Terminator ready reaction Mix

Template

Primer

D.W.

Total

4

1-3 ng

3.2 pM

Up to 10 

10
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20. snqRT-PCR

Target Forward primer Reverse primer Tm*
( )

Product 
size 
(bp)

c-MET 5’-ccagaagtgattgtggagca-3’ 5’-tgactgcaggactggaaatg-3’ 59.8 122

PIK3CA 5’-ctctgcaaaaaggccactgt-3’ 5’-gccgtaaatcatccccattt-3’ 60.4 107

AKT1 5’-gcaccttccatgtggagact-3’ 5’-tgagttgtcactgggtgagc-3’ 60.1 130

mTOR 5’-ttaatggaggcccaagagtg-3’ 5’-gctttgagattcgtcggaac-3’ 60.1 109

STAT3 5’-ggccatcttgagcactaagc-3’ 5’-cggactggatctgggtctta-3’ 60.0 125

JAK1 5’-tgaagcctgagagtggaggt -3’ 5’-atttcctccgtcttctgtgc-3’ 60.0 122

RohA 5’-cgcttttgggtacatggagt-3’ 5’-caagacaaggcacccagatt-3’ 60.0 124

Her2 5’-acaaccaagtgaggcaggtc-3’ 5’-caggggtggtattgttcagc-3’ 60.0 123

GAPDH 5’-ggaaggtgaaggtcggagtca-3’ 5’-gtcattgatggcaacaatatccact-3’ 60.0 101

* Tm( ) = 81.5 +16.6(log[M+]) + 0.41(%[G+C]) – 500/n
M+: n : ( ) %[G+C] GC (%)

PCR M+(Na+ K+) 50 mM(=0.05 M)
log 0.05 = -1.3
Tm( ) = 59.9 + 0.41(%[G+C]) – 500/n
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21.

EGFR KRAS ALK

73.6 64.8 53.0

68.8% 91.0% 27.2%

37.5% 27.3% 63.6%

16 7 9

22 CK18 mRNA
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23. CK18 mRNA EGFR

24 CK18
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P = 0.04*
P = 0.02*
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20,21,1,2,3,
19

1,2,3
20,21,

1,2,3,
19

1,2,3

EML4 ALK

ALK EML4

ALK-EML4

Coiled-coile TK( )

ALK
2

11

75
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( )

76
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CK18
CK18
P = 0.01 (log rank)

13

77
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Exon 21
L858R

Exon 19
E746V, L747-
S752 del

Exon 19
E746-A750 
del

Exon 20 T790M

EGFR

(WT)

EGFR

(L858R)

EGFR

(exon19 )

EGFR

(T790M)

Exon 21 L858R

Exon 19 deletion

Exon 20 T790M

QP

DNA

14

78
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EML4 exon13 ALK exon20

15.

A B

C

D

79
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1. EGFR

EGFR RAS RAF

EGFR

2

2009

[2] EGFR

EGFR-TKI ALK

3

(A) 1mm×

5mm (B) 1mm

(C)

(D)
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4. nested-PCR semi-nested PCR

Nested-PCR

[17,18]

Nested-PCR 1 PCR (A)

2 PCR (B)

Semi-nested PCR 2 PCR

(C) 1 PCR

(D) PCR

PCR

3

60

5.

(LMD) HE

(A, ×100)

LMD

B( ×400)

LMD (PALM® RoboSoftware, Carl Zeiss Microscopy)
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(C)

(D)

6. qRT-PCR snqRT-PCR

(A)

(q) RT-PCR snqRT-PCR

GAPDH, CK 6, CK 7, CK 14, CK 18 TTF-1 mRNA

qRT-PCR mRNA

RT-PCR threshold cycle time

0.979 0.996 0.999 0.994 0.997 0.995

mRNA 103 / L 107 / L

snqRT-PCR mRNA threshold cycle time

0.945 0.808 0.816 0.959 0.927 0.881

mRNA 101 / L

107 / L snqRT-PCR

(B)

7. 

(CK)7 (A)

(H K ) CK18
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(B) (I L

) CK19 (C)

(J ) (J )

(TTF-1) (D) CK5/6

(E) (G )

(G ) CK14

(F) 

8.

snqRT-PCR

TTF-1 mRNA (AD) (SQ)

(SM) (normal) (mean + SD)

(AD) CK 7, CK 18, TTF-1 mRNA 

(P < 0.05) CK 6 CK 14 mRNA

(P < 0.05)

mRNA

9.

mRNA

A (AD) CK7 CK 18 mRNA I

III IV

CK18 mRNA

B (SQ) CK6 CK14 mRNA

IV CK6 CK14 mRNA 
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(P = 0.02, 0.04).

10. Quenching Probe(QP) 

A DNA

Quenching PCR

EGFR exon21 L858R

Quenching Probe PCR

PCR DNA

Tm B

Tm B

11.  ALK

2 EML4 ALK

ALK exon 20

EML4 coiled-coil ALK

EML4

3’ ALK

ALK

12

ALK 3’ ALK
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ALK

ALK

( )

13 CK18 RNA

CK18 mRNA

CK18 mRNA

(P = 0.01, log-rank)

14. QP

(EGFR) QP

10 Tm

QP

EGFR exon 21 L858R exon20 T790M QP

1 1 exon 19

E746V, L747- E746-A750 del EGFR 

exon19 EGFR

(TKI)

15. ALK

ALK A Anaplastic 
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lymphoma B ALK

ALK

C

EML4 

exon13 ALK exon20

16 CK18 CK18

CK18 PI3K RhoA

Her2

CK18 Rho

G Nox1 Her2

PI3K RhoA

CK18 CK18

CK18

PI3K

CK18

CK18
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1. , , , ,
Her2 mRNA 91

2002 3 ( )
2. , , , ,

EAT/mcl-1 91
2002 3 ( )
3. , , , , , ,

, , , TGF- pathway
Laser capture microdissection 93

2002 2 ( )
4.

1
2002 5

5. Nakanishi Y Sano M Oinuma T Nemoto N. Comparison of Her2 mRNA 
Amplification with The Results of Immunohistochemistry in Human Breast Cancer 
Using Laser Assisted Microdissection Technique.The Sixth Joint Meeting of The 
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