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+ Mide Kanseri en sık 4. kanser (%7.8)

 kanser ölümlerinin 2. en 

sık nedeni (%9.7)

 Tümör supressör gen   

p53, p16, APC, Rb, DCC

 “mismatch” tamir genleri

Onkojenler

siklin D1

Büyüme faktör ve reseptörleri

EGFR, TGF-α, c-erbB2, c-met

Hücre adhezyon molekülleri

E-cadherin, α- /β-catenin

Mutasyon

Kromozomal kayıp

Amplifikasyon

Mikrosatellit instabilite

Genetik polimorfizm

 Telomeraz aktivasyon

Genetik

Çevresel



+

Mide Kanseri
Histolojik Tip

fenotipik / 

genotipik olarak

HETEROJEN



+
DSÖ Sınıflaması

 Tubuler (intestinal)

Papiller

 Zayıf Koheziv

(taşlı yüzük komponenti

-/+)

Diffüz (nonkoheziv) 

Müsinöz

Mikst

Hepatoid Adenokarsinom

Medüller Karsinom

 İndifferansiye Karsinom

Skuamöz Hücreli Karsinom

Adenoskuamöz Karsinom

Nöroendokrin Karsinom

ADENOKARSİNOM DİĞER



+
Lauren Sınıflaması

Intestinal Tip Diffüz Tip



+
MİDE KANSERİ
Sınıflama

 MORFOLOJİK

HİSTOKİMYASAL

 MOLEKÜLER



+

Mide Kanseri

 Tümör supressör gen   

p53, p16, APC, Rb, DCC

 “mismatch” tamir genleri

Onkojenler

siklin D1

Büyüme faktör ve reseptörleri

EGFR, TGF-α, c-erbB2, c-met

Hücre adhezyon molekülleri

E-cadherin, α- /β-catenin

Mutasyon

Kromozomal kayıp

Amplifikasyon

Mikrosatellit instabilite

Genetik polimorfizm

 Telomeraz aktivasyon



+
Hedefe Yönelik Tedavi

Hedef Endikasyon

monoklonal

antikor

VEGF

HER2

EGFR

metastatik(kolon, böbrek, meme), NSCLC

meme kanseri, metastatik mide kanseri

metastatik (kolon), baş-boyun/SCC

tirozin kinaz

inhibitörleri

tirozin

kinazlar

akciğer (NSCLC), pankreas kanseri

hepatosellüler ve renal hücreli karsinom

gastrointestinal stromal tümör

ER blokerleri östrojen

reseptör

meme kanseri

 AMAÇ : uygulanması planlanan tedaviye

yanıtı belirleyebilecek hedef belirteçlerin

saptanması



+ Mide Kanseri
PATOLOJİ / MOLEKÜLER GENETİK 

RAPORUNDA NELER OLMALI ?

doku rapor

rapor

morfoloji

skorlama

in-situ

hibridizasyon rapor

immün-

histokimya



+

DOKU

Biyopsi

Cerrahi

Spesmen

 uygun fiksatif

 yeterli fiksasyon süresi

 spesmen yeterliliği

 biyopsi sayısı (6-8)

 tümörü temsil eden



+ Moleküler Genetik

Değerlendirme

ve

RAPORLAMA

rapor

immün-

histokimyadoku
in-situ

hibridizasyon



+ HER2 
(c-erbB2/neu) 

human epidermal 

growth factor 

receptor 2 

 EGFR ailesinden

bir transmembran

tirozin kinaz

reseptörü

 Bilinen spesifik bir

ligandı yok

hücre dışı etki alanı

632 amino asid

Ligand bağlayan alan

transmembran etki alanı

22 amino asid

hücre içi etki alanı

580 amino asid

tirozin kinaz aktivitesi

hücre membranı

sitoplazma



+ 
HER2/neu (ERBB2) 

Gen Amplifikasyonu

17q21’de lokalize

epidermal büyüme faktör reseptör-2 geni

HER2 mRNA

artmış HER2 

protein sayısı



+ trastuzumab
neoplastik hücrelerde

 antikor bağımlı
sitotoksisite

 HER2 bağımlı hücre içi
sinyal iletiminin ortadan
kaldırılması

 HER2 reseptörünün hücre
dışı etki alanı yarılmasının
önlenmesi



+
HER2 (c-erbB2/neu) 

İMMÜNHİSTOKİMYA
İN-SİTU 

HİBRİDİZASYON

HER2 hücre yüzey reseptörü HER2 gen/17. kromozom
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Asya-Pasifik Avrupa
Güney/Orta

Amerika
Diğer

Mide Kanseri HER2-pozitiflik oranı (ToGA)



HER2-amplifikasyonu

sağ kalım



Van Cutsem E, et al. J Clin Oncol 2009; 27:Abstract 4509.

alt grup Median sağ kalım
(ay)

tüm 11.1 13.8vs

analiz

IHK 0/FISH+

IHK 1+/FISH+

IHK 2+/FISH+

IHK 3+/FISH+

IHK 3+/FISH-

7.2

10.2

10.8

12.3

17.7

10.6

8.7

12.3

17.9

17.5

Açıklamalı analiz

IHC 0 or 1+/FISH+

IHC 2+/FISH+ or IHC 3+

8.7

11.8

10.0

16.0

vs

vs

0.2 0.4 0.6 1 2 3 4 5

vs

vs

vs

vs

vs

0.92

1.24

0.75

0.58

0.83

0.48, 1.76

0.70, 2.20

0.51, 1.11

0.41, 0.81

0.20, 3.38

Hazard
ratio

95% CI 

0.74 0.60, 0.91

1.07

0.65

0.70, 1.62

0.51, 0.83

Risk oranıFavours T Favours no T

584

61

70

159

256

15

131

446

N

HER2 durumu : tedavi / genel sağ kalım



+
Mide Kanseri

HER-2

Mide ve GEJ Kanserleri

HER2 açısından

değerlendirilmeli

 Immünhistokimya

 In-situ hibridizasyon



+

HER2/neu

(c-erbB2)

İMMÜN-

HİSTOKİMYA



+

Gastrik

Karsinom

heterojen

boyanma

HER2/neu

IHK  



+
Mide Kanseri

Tümör Heterojenitesi



+

 lateral

 bazolateral

 komplet

Gastrik

Karsinom

boyanma

patterni

HER2/neu

IHK  



HER2 (IHK)

 Gastrik karsinom için 

skorlama sistemi 

tümör 

heterogenitesi

Hofmann M, et al. Histopathology 2008; 52: 797-805.

Şiddeti

 IHK (+) tümör hücre oranı / sayısı

İMMUNEKSPRESYON

inkomplet

membranöz

boyanma 



10x 20x

Membranöz
Boyanma

IHK 2+

20x

Membranöz
Boyanma

IHK 1+

40x

40x

5x

Membranöz

Boyanma

IHK 3+

5x

HER2/neu (IHK) -

boyanma şiddeti



+ HER2/neu (IHK) –

boyanan tümör hücre sayısı/oranı

BİYOPSİ 

> 5 tümör hücresi

REZEKSİYON 

SPESMENİ 

> %10 tümör hücresi



SKOR
cerrahi spesmen

boyanma patterni
biyopsi spesmeni
boyanma patterni

HER2
değerlandirme

0
Boyanma yok
 < %10 hücrede membranöz

Boyanma yok
 5’den az hücrede membranöz

boyanma
Negatif

1+
 > %10 hücrede
 membranöz, zayıf
 parsiyel

 > 5 hücrede (küme)
 membranöz, zayıf
 parsiyel

Negatif

2+
 > %10 hücrede
 membranöz, orta,
 bazolateral /lateral

 > % 5 hücrede (küme)
 membranöz, orta,
 bazolateral /lateral

Belirsiz

3+
 > %10 hücrede
 membranöz, kuvvetli,
 bazolateral /lateral

 > % 5 hücrede (küme)
 membranöz, kuvvetli,
 bazolateral /lateral

Pozitif

Mide Kanseri - HER2 

IHK skorlama kriteri



+ 

YORUM :  Doku değerlendirme açısından yeterli /yetersiz

 UYGULANAN YÖNTEM : IHK
Kullanılan Primer Antikor : 

4B5, Hercept Test, A0485, SP3, CB11 

 İMMÜNEKSPRESYON : 
Negatif (skor 0)
Negatif (skor 1+)
Şüpheli pozitif ( 2+)
Pozitif (skor 3+)
Belirlenemez (tanımla)

 boyanan neoplastik hücre sayısı (biyopsi)
 boyanan neoplastik hücre oranı (rezeksiyon)

IHK

Raporu



+



+

HER2/neu

(c-erbB2)

İN-SİTU

HİBRİDİZASYON



17. kromozom yüzeyindeki

Her2/neu alanı

“fluorescent/chromogene“ 

işaretli probe (direkt / indirekt)

işaretli probun spesifik

gen alanına hibridizasyonu

In-Situ Hibridizasyon (ISH)

Sinyal Analizi

2-3 (4) µm kesit

formalin fikse, parafinde gömülü doku blokları

uygun fiksasyon süresi : 12-24 saat

floresan mikroskopu

CISHFISH

ışık mikroskopu



HER-2/neu Region of Chromosome 17

HO

N
O

O

N
O

O

HER2 DNA Probe

Dinitrophenol (DNP)

Silver Reagents 

A, B, & C

HO

N
O

O

N
O

O

Rabbit anti-DNP

HO

N
O

O

N
O

O

horseradish peroxidase (HRPO)

Goat anti-Rabbit HRP

HO

N
O

O

N
O

O

HO

N
O

O

N
O

O

Enzim (HRP) katalizsyonu –

gümüş ionlarının metallik gümüşe indirgenmesi

SISH



+

TEK “probe” – HER2 gen alanı



+
ÇİFT  “probe” - HER2 gen alanı (+) 

17. kromozom sentromeri (CEP17)



02.06.09

ISH
 FISH / CISH / SISH
(fluorescence/chromogene/silver)  

 Her2 geni

 Her2 geni (+) 

CEP17(sentromer)

Tek

“Probe”

ÇİFT

“Probe”



+
FISH/CISH/SISH

Tek “probe” 

17. kromozomda

HER2 gen alanı

AMPLİFİKASYON

YOK

< 6 HER2 
 En az 20 neoplastik hücre

 toplam HER2 sinyal sayısı / 

sayılan tümör hücre sayısı



+
FISH/CISH/SISH

Tek “probe” 

17. kromozomda

HER2 gen alanı

AMPLİFİKASYON

VAR

≥ 6 HER2 
 En az 20 neoplastik hücre

 toplam HER2 sinyal sayısı / 

sayılan tümör hücre sayısı



+

FISH/CISH/SISH

Çift “probe”  

17. kromozomda

HER2 gen alanı

(+)

17. kromozom

sentromer

(CEP 17)

 20 neoplastik hücre

 HER2 sinyali (turuncu)

 CEP 17 sinyali (yeşil)

HER2 sinyal toplamı / CEP 
17 sinyal toplamı
(HER2/CEP 17)

 < 1.8  amplifikasyon (-)

 1.8 – 2.2  belirsiz

 > 2.2  amplifikasyon (+)

HER2/CEP17=1.8 – 2.2 ise
40 hücre daha sayılmalı

 ≥ 2.0  amplifikasyon
(+) 



+
FISH/CISH/SISH

Çift “probe” 

17. kromozomda

HER2 gen alanı

(+)

17. kromozom

sentromeri

AMPLİFİKASYON 

YOK

HER2 / CEP 17 oranı

< 1.8

20 neoplastik hücre sayılmalı

 HER2 sinyali (turuncu)

 CEP sinyali (yeşil)



+
FISH/CISH/SISH

Çift “probe” 

17. kromozomda

HER2 gen alanı

(+)

17. kromozom

sentromeri

AMPLİFİKASYON 

VAR

HER2 / CEP 17 oranı

≥ 2.0

20 neoplastik hücre sayılmalı

 HER2 sinyali (turuncu)

 CEP sinyali (yeşil)



+
FISH / CISH / SISH

FISH 

Amplifikasyon (+)

FISH 

Amplifikasyon (+)

CISH 

Amplifikasyon (+)

15 0

CISH 

Amplifikasyon (+)

0 104

Powell WC, et al. ASCO 2010 Gastrointestinal Cancers Symposium, Orlando; Abstract 17.

N
(%) uyum

(95% CI)

SISH & FISH 241/253 95.3 (91.9 – 97.3)

FISH 84/88 95.5 (88.9 – 98.2)

SISH 157/165 95.2 (90.7 – 97.5)

Yan B, et al. J Clin Pathol 2011;65:880-883.



+ 

YORUM :  Amplifikasyon VAR / YOK 

EPİKRİZ :  Doku değerlendirme açısından yeterli /yetersiz

Değerlendiren Kişi Sayısı :

UYGULANAN YÖNTEM : FISH / SISH / CISH
MONO / DUAL işaretleme

MONO (HER2) İşaretli
Sayılan Neoplastik Hücre Sayısı
Toplam HER2 sinyali

HER2 sinyali/hücre sayısı

DUAL (HER2/CEP17)İşaretli
Sayılan Neoplastik Hücre Sayısı
Toplam HER2 sinyali
Toplam CEP17 sinyali
HER2 sinyali/hücre sayısı
CEP17 sinyali / hücre sayısı

HER2 / CEP17 sinyal oranı

ISH



+

fiksasyon



+

Mide Kanseri

HER-2

Mide ve GEJ 

Kanserleri HER2 

açısından

değerlendirilmeli

ÖNCELİK  ?
 İMMUNHİSTOKİMYA

 İN-SİTU 

HİBRİDİZASYON



0–<2 2–4 >4

IHK 0 IHK1+ IHK 2+ IHK 3+

ol
gu

sa
yı

sı
(%

)

0–<2 2–4 >4 0–<2 2–4 >4 0–<2 2–4 >4
0
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20

30

40

50

60

70

80

90

100

N=560

HER2 

FISH / immünhistokimya

.
Van Cutsem E, et al. ECCO 15/ESMO 34 - Berlin 20-24 September 2009;Abstract 7BA.

FISH ORANI 

<2 :  amplifikasyon (-)

2–4 :  düşük amplifikasyon

>4 : yüksek amplifikasyon.



+
HER2 

SISH / immünhistokimya

0

20

40

60

80

100

120

IHK: 0 IHK: 1 IHK: 2 IHK: 3

SISH (-)

SISH (+)

.

Park YS, et al. Human Pathology 2012;43:413-422..



0

FISH

+–

trastuzumab

1+ 2+ 3+

IHK

DOKU

HER2 

FISH / immünhistokimya

FISH

–+



HER2-positiflik oranları

10.4

20.5

11.3

24.4

11.0

23.1

0

5

10

15

20

25

30

IHK FISH

CERRAHİ BİYOPSİ TOTAL
p=0.01

Bang YJ, et al. J Clin Oncol 2009; 27:Abstract 4556.



+
IHK / ISH

IHK skoru FISH (+) FISH (-) Diskordans

0 / 1 (+) (n=125) 2 123 % 1.6

2 (+) (n=7) 2 5 % 71.4

3 (+) (n=16) 14 2 % 12.5

Total (n=148) 18 16 % 6.1

IHK skoru FISH (+) FISH (-) Diskordans

0 / 1 (+) (n=93) 1 5 % 1.1

2 (+) (n=5) 3 2 % 40

3 (+) (n=19) 18 1 % 5.3

Total (n=117) 22 8 % 3.4

BİYOPSİ

CERRAHİ SPESMEN

Yang J, et al. Cell Biochem Biophys 2012;62:221-228.



Mide Kanseri

Heterojenite

Yang J, et al. Cell Biochem Biophys 2012;62:221-228.

DİSKORDANS  NEDENİ

 Endoskopik bx

IHK / ISH - % 75

 Bx/Cerrahi - %75

HER2 (+) 

Cerrahi Spesmenin

bx’de saptanabilmesi

 Yalnız IHK   - % 45.5

 IHK (+) ISH - % 81.8



+ 

Cerrahi Spesmen / Biyopsi

 Gözlemciler arası uyum

yüksek

 Biyopsi / cerrahi spesmen

uyumu düşük

Biyopsi ile;

yanlış (+) oranı : %3

yanlış (- )oranı : % 24

ISH

IHK



0

FISH

+–

trastuzumab

1+ 2+ 3+

IHK

BİYOPSİ

HER2 

FISH / immünhistokimya

FISH

–+

FISH

+–



+

HER2 /neu

Prognostik
Faktör

Histolojik Alt Tip  (intestinal 

> diffüz)

Yüksek Grade

Lenfovasküler İnvazyon

Lenf Nodu Metastazı

Kim KC,. Ann Surg Oncol 2011;18:2833-40.



cancer spesific survival

overall survival

HER2 immünekspresyonu (% 5.8) 

BAĞIMSIZ PROGNOSTİK FAKTÖR

HER2 gen amplifikasyonu (% 7.7)

PROGNOZLA İLİŞKİSİZ



+

Mide Kanseri
HER2/neu
(cerbB2)

MÜTF



+ 47 biyopsi

% 8.6 IHK (+) 

IHK (+) tüm biyopsiler

FISH (+)



+ 160 rezeksiyon spesmeni

% 11.2 IHK (+) 

IHK (+) 1 olguda FISH (-)



+

Mide Kanseri

Moleküler
Genetik
değerlendirme
ve
RAPORLAMA

HER2/neu (cerbB2)



HER2 

Time to slicing and 

fixation Method of tissue 

processing

Type of

fixation

Equipment 

calibration

Laboratory

procedures

Time of

fixation

Assay

validation 

Staff 

competence
Type of antigen 

retrieval

Test 

reagents

Controls

Assay

conditions

Use of

image

analysis

Interpretation

criteria

Reporting

elements

Scoring 

system

Wolff et al 2007

HER2-testing 

variation

Post-analytic Pre-analytic

Analytic



+
patoloji/ moleküler genetik raporu

doku rapor

rapor

morfoloji

skorlama

in-situ

hibridizasyon rapor

immün-

histokimya

5 İŞ GÜNÜ



HASTA

Lab.

Teknikeri

Onkolog / 

Gastroenterolog

Patolog
Cerrah / 

Endoskopist

Yeterli örnek

Yeterli fiksasyon

İstem

IHK / ISH

uygun yöntem

Değerlendirme

Raporlama

Klinik istem

MULTİDİSİPLİNER YAKLAŞIM



+

Mide Kanseri

Moleküler
Genetik
değerlendirme
ve
RAPORLAMA

HER2/neu (cerbB2)

Herediter Diffüz
Gastrik Karsinom





 CDH1 germline mutasyon  E-Cadherin

 Otozomal Dominant

 Mide Taşlı Yüzük Hücreli Karsinom

 Meme Lobüler Karsinom
Risk 



+
GELECEK …

moleküler genetik



+

 Tümör supressör gen   

p53, p16, APC, Rb, DCC

 “mismatch” tamir genleri

Onkojenler

siklin D1

Büyüme faktör ve reseptörleri

EGFR, TGF-α, c-erbB2, c-met

Hücre adhezyon molekülleri

E-cadherin, α- /β-catenin

Amplifikasyon

HER2, FGFR2, EGFR, c-MET

Mutasyon

HER2, KRAS, PIK3, BRAF

Gen Rearanjmanı

SLC34-ROS1 ( %0.5-1)

(ALK ile homolog)

AGTRAP-BRAF

SND1-BRAF

CDK12-ERBB2

NECROD2-ERBB2
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Abstra c t

Gastric cancer is the second leading cause of cancer-

related deaths worldwide. Conventional cytotoxic che-

motherapy has limited efficacy for metastatic gastric 

cancer, with an overall survival of approximately ten 

months. Recent advances in high-throughput technolo-

gies have enabled the implementation of personalized 

cancer therapy for high-risk patients. The use of such 

high-throughput technologies, including microarray 

and next generation sequencing, have promoted the 

discovery of novel targets that offer new treatment 

strategies for patients lacking other therapeutic op-

tions. Many molecular pathways are currently under 

investigation as therapeutic targets in gastric cancer, 

including those related to the epidermal growth factor 

receptor family, the mesenchymal-epithelial transition 

factor axis, and the phosphatidylinositol 3-kinase-AKT-

mammalian target of rapamycin factors. Advances in 

molecular diagnostic tools further support the discovery 

of new molecular targets. Limitations exist, however; 

not all patients can be tested for biomarkers, and nu-

merous challenges hamper implementation of targeted 

therapy in clinical settings. Indeed, the scale of tumor 
genomic profiling is rapidly outpacing our ability to ap-

propriately synthesize all the information in order to 

optimally refine patient care. Therefore, clinicians must 
continue to educate themselves regarding new tools 

and frameworks, and to utilize multidisciplinary team 

science, comprised of oncologists, geneticists, patholo-
gists, biologists and bioinformaticians, to successfully 

implement this genomic approach therapeutically.

© 2014 Baishideng Publishing Group Co., Limited. All rights 

reserved.

Key words: Gastric cancer; Targeted therapy; Biomark-

er; Microarray; Sequencing

Core tip: Understanding the molecular mechanisms 

governing carcinogenesis, progression and prognosis 
of gastric cancer is a prerequisite for development of 
effective management strategies. Analysis of genomic 

and proteomic expression profiles of oncogenic sig-
naling pathways have revealed different molecular 

subtypes of gastric cancer. Development of personal-

ized cancer therapy regimens will specifically target 
aberrations that drive tumor growth and survival. 

Therefore, identifying and administering the appropri-

ate drug based on genetic profiling will improve clini-
cal outcomes and decrease toxicity. We anticipate that 

identification of novel cancer targets will further aid in 

understanding of cancer heterogeneity and in refine-
ment of personalized therapeutic strategies.

Lim SM, Lim JY, Cho JY. Targeted therapy in gastric cancer: 

Personalizing cancer treatment based on patient genome. World 
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Abstract

Cancers of the oesophagus, gastro-oesophageal junction and stomach (upper gastrointestinal tract

cancers; UGICs) pose a major health risk around the world. Collectively, the 5-year survival rate

has remained <15% and therapeutic improvements have been very slow and small. Therefore,

novel molecules for early diagnosis, prognosis, prediction, and therapy are urgently needed. The

role that microRNA (miRNA) molecules seem to play in UGICs are worth pursuing. miRNAs are

small noncoding RNA molecules that regulate ~60% of coding genes in humans and, therefore,

are pivotal in mediating and regulating many physiologic processes. miRNAs are deregulated in

many disease states, particularly in cancer, making them important targets. Here, we review the

building body of evidence regarding the alterations of miRNAs in UGICs. By suppressing

translation and/or promoting degradation of mRNAs, miRNAs can contribute to carcinogenesis

and progression of UGICs. In-depth studies of miRNAs in UGICs might yield novel insights and

potential novel therapeutic strategies.

Introduction

Cancers of the upper gastrointestinal tract (UGICs) include those originating in the

oesophagus, gastro-oesophageal junction and stomach. The incidence of adenocarcinoma

involving the lower third of the oesophagus, gastro-oesophageal junction and proximal

stomach has risen considerably in the past 30 years. 1 It is estimated that 38,780 new cases

and 25,610 deaths are likely to occur in 2012 in the USA alone. 2 Gastric cancer is the fourth

most common cancer and the second leading cause of cancer-related death in the world. 3

Helicobacter pylori  infection, gastrin levels, germline mutations, dietary factors and other

chronic gastric conditions are all factors involved in the development of gastric cancer. Our

understanding of the molecular basis of carcinogenesis and progression of UGICs has

lagged behind compared with many other tumour types. This knowledge deficit is creating a

barrier in the development of effective therapeutics, and progress against UGICs has been

unsatisfactory and slow. Consequently, outcomes for patients with UGICs have remained

dismal, with 5-year survival rates <15%. Improved understanding of the role of microRNAs

(miRNAs) in UGICs could lead to novel prevention strategies, early detection and improved

therapeutics.
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Abstra c t

There is an increasing understanding of the roles that 

microsatellite instability (MSI) plays in Lynch syndrome 

(by mutations) and sporadic (by mainly epigenetic 
changes)  gastrointestinal  (GI)  and  other  cancers.  De fi-

cient DNA mismatch repair (MMR) results in the strong 

mutator phenotype known as MSI, which is the hall-
mark of cancers arising within Lynch syndrome. MSI 

is characterized by length alterations within simple 

repeated sequences called microsatellites. Lynch syn-
drome occurs primarily because of germline mutations 
in one of the MMR genes, mainly MLH1  or MSH2 , less 

frequently MSH6 , and rarely PMS2 . MSI is also observed 
in about 15% of sporadic colorectal, gastric, and en-

dometrial cancers and in lower frequencies in a minor-
ity of other cancers where it is often associated with 

the hypermethylation of the MLH1  gene. miRNAs are 

small noncoding RNAs that regulate gene expression 
at the posttranscriptional level and are critical in many 

biological processes and cellular pathways. There is 

accumulating evidence to support the notion that the 

interrelationship between MSI and miRNA plays a key 

role in the pathogenesis of GI cancer. As a possible new 
mechanism underlying MSI, overexpression of miR-155 
has been shown to downregulate expression of MLH1, 

MSH2, and MSH6. Thus, a subset of MSI-positive (MSI+) 
cancers without known MMR defects may result from 

miR-155  overexpression. Target genes of frameshift 

mutation for MSI are involved in various cellular func-
tions, such as DNA repair, cell signaling, and apoptosis. 

A novel class of target genes that included not only epi-

genetic  modi fier   genes,  such  as  HDAC2 , but also miRNA 
processing machinery genes, including TARBP2  and 

XPO5 , were found to be mutated in MSI+ GI cancers. 

Thus, a subset of MSI+ colorectal cancers (CRCs) has 
been proposed to exhibit a mutated miRNA machinery 

phenotype. Genetic, epigenetic, and transcriptomic dif-

ferences  exist  between  MSI+  and  MSI−
 
cancers. Mo-

lecular signatures of miRNA expression apparently have 
the  potential  to  distinguish  between  MSI+  and  MSI−  

CRCs. In this review, we summarize recent advances in 
the MSI pathogenesis of GI cancer, with the focus on its 
relationship with miRNA as well as on the potential to 

use MSI and related alterations as biomarkers and novel 
therapeutic targets.
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