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Apoptosis in Gastrointestinal Disease
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Fig. 1. Apoptosis in GI epithelium
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Table 1. Reasons for Rarity of Small Intestinal Cancer

. Dilution of carcinogen

. Fast transit time

. Scant bacterial population

Rapid cell proliferation

. Effective immune system : IgA, T-cell
Enzyme(benzopyrene hydroxylase) detoxify carcinogen
. Low apoptotic threshold

Apoptosis in stem cell region
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of malignancy between small and large bowel from the view point
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Fig. 3. Different genetic alterations and carcinogenesis in
familial adenomatous polyposis (FAP) and hereditary non
polyposis colorectal cancer (HNPCC)

Table 2. Role of Apoptosis in Colorectal Carcinogenesis

1. Transformation of epithelial cell to carcinoma is associ-

ated with progressive inhibition of apoptosis.

. Bel-2 expression and p53, APC mutation, both of which
inhibit apoptosis, are common in colorectal carcinoma.

. Induction of apoptosis by NSAID can lead to regression
of adenoma.

. Resistance to bile acid-induced apoptosis in noncancer-
ous epithelium from colorectal cancer patients.

. Escape from immune surveillance is related with apop-

tosis.

o] As} B93HA Hgled tiggde] Aeox vt
F7EA]ott, o2 Bgle] o Al F = e gt
o] WAl uk Eo]alA] HeddhE APC HF-HAte] ¥
ol p53 Woloh= e ulgete] LA 27|
o3t (Fig. 3). mislxe] APC ¥Ho|7} A& 715
A AEA £F5N s Rl HAFe] LS
I % dRE go= At AAEe APC

Ho|= F3A] ¢o] old bl (sporadic) ™
orel Aol AgkEnk BE o<kl APC W

.

ol7} dofihi= AL opx|wt
e AAEQ APC @iljo] BtdE X gtomg 9f
I A3 7 EF FAF Hol2 A ot
p53 ¥ Ras 59| WHo|rl uzt= APC w®o|7}
A AFERM = o] TAEER] ekor APC Wo)
7F dElEis thgo] obd Arlol= o] BAlEHR|
gowz APCE A AIAHE

Y

T TR 2(2} 859)°]

—

Y

Pt = |
&3

219

(gatekeeper)olEtal Bt} APCe] Ho)7} ojiH
7o gre] Aol #oidhi=x] ofF A g
Al dE AR = et APC @& 4
catenin¥ #AY NIZHDAZ = AEHTS
FAsIT APEE godlnz APC ©le] 7|59]
AAEH A ZZ2 T A EA] BT o] 2
2t AztE 3 glom® HdAz APC ¥ol7t 3=
Al AT Bolrl gl APCE oldAITIE
Abgol dojdo] R IiEle] UTH® A XA 2
zd BAL tE B9 weakupgele} vpxirt
A2 thrgere) B QoM E Fod TS 3
o o8] F7F29 A wE B & B4 %
£71-0) NEAPES 3] wiolghs 2
ZHE w o] Fokoll HF FFo AFr} 7vE
1=

A
g

b. &g 2 7el A&

A A FEe] APEE ZhE 7 Z3e] WEA
o= Ag-3lc}. Shigella flexneri Z2GA]l 5
2 M| Z o] Abdo] ZF7lste] HAHkE- o 2 HE]
o] HE I Al oo 5AZFR]
FHAAstA W, Clostridium difficile toxin A
2 Cryptosporidium parvum®= A3z 2] A}

W T,

AL Gl A E AP o] Z71s) e
ol AbEg fels TNFa 59 Afo|E)els
AEED +8A Fas B8 57 2 Felakar)

o} BAEY, Felitirldl 23 MEAFE L] A
+ mesalamine X2 &3¢ 37 87|90
e Al s 3] AYAEE FasE 233}
i1, Fas &2 interferon-y Xl 23} 57
H FasE 8 A7} Algzfolad MEApE
Fargto] BmEle] Ioh™® Crohn® oA
YHIEF7L ARl AYaHE 83
H]3le] M EZAVH| gt Aol Eone &
28 HEZ 7t MEAPE) 9Fte] AARRA] &
3t FolglAl Hlo] meutgo] 7 FEX] &1 45
o] A &Hr),

NSAID ¥ alcohol 5¢] A=l 213t 4313 &=
Ao ApHoll ¢)5hH*% | anthraquinone 59 A}

Wt A= AT ML) APES F7HAY
g2l A 3zo)] B2lE g AR AVEAE
BE 2% lipofuscinel 293l EA AU
melanosis coli® WVERIA Ao, 38 2 Y
F o] Mgl 93t A EAJNE HEAPH]
Jake Ae GE 479} npRTpgelT.

= o
= T
u=



1 AE U 9 MmlMEe] HaM S0l Lo
PENEEIEE

AEE FHARPNE WBEo] glon 9x
W R 2 e 2 97 9 o
Zefu} ohe ashylwel Hiske] 4% 8 9] Autel
AL AP ThE At mmlsin] Ama
se) el Welm wgel oiA AEAEe) o
Foll e Btk ob7bA) AH gieka S B
o] ohjrt. et §1 Adel A Al E3)
VLMD ATARE Foehs FHA baxr}
AepEre] SRR AAUL bax} whsl s
£ AZAEe] AAE AT HEThe
2g AAr.

2. Al Z=F 2ol ost Alx 3l 9| Flg

a. A= = 99k

2 Heke] 912498l 4) (gastric epithelial
metaplasia) & Barrett 2ol A] ZABsH= ¢Fo)l
A] p53 Wolrt &3] aks|= qHAM® hel-2 WHo)
£ UERR] 8o m® cmycg shRE st A egh
MZFOA] o] FHzte] L@ S AASHH M EAL
Hol FuETiE AME Hol o] K.9jo] oty
o] MEZAPZo] T3t AL F5T 5 AP,
EFE el Ads vixriAlz Az o] H )T
ol FETo] AlEE HadleE dg9d S
HHlgths 2 Wol M 71 HEZA A A B
ojufE Ve Muditin B 4 Qlupes®  walk
o2 F9e] 9178% 7 mivi 2 2le] o] ¥ A
X9} AAAEIF E3F] bel-28 LHITIE AL
et A AEATE ] At Fe% e
o= A& o)

2 29] AdollA HEAVE ] e
Hatrk, zev AXF A FERdda] 7
Qloll &%t AlFgdo] AlEAIE D Aag
o] HIEJACPH®  olA7x] 1 27t 2R E1A]
= AR 4F NSAID, ¢%< 2 Helicobacter
pylori(H. pylori) 9% #AY% A AxAES)
F7r 7198 FheAS @) H pyloris $919
B ozt 9 R Ao Algke] dxpE e
ez duiA glom $ote] WA= s}
g2t FAES B2 34 21 9ok A2 H,
pyloridll ZHE® 9 Fdoll= AAlo) HlEle] A

i
kD
r
2

220

ME7} B3l H. pyloriZ ¥PE3E o= Al A
X7} At Bl A3 soll ddE 9
Aol &4kl guAlxe] Abdel 23 AYe] <
HRowH®  E wAAE AlgBUA H.
pylori7t 1A EF-0] AFE-S AHH o7 Fugh
s ARS FH T 2ol aedxE Foit
Z(achlorhydria)® A" A7PAYA 9499
Hloll MZAPE O] BT 7PsAdo] AAE A=
o] Aol A A EQ HANE (parietal cel)] =
FA SV-40 T & FAAA 7 A A
p53-independent gt BIA|EZ 2] AbHo] B uE Qo
W™ FAHAE Fas 2L AEEA THE v
N MEAFEO] GENESE F2E = doe AL

AN EY

1. ZHMZ 5 =TI M e ek FXo] Q)
O{A] M|zZzALE 2| oi5t

gl A o} mprPA R M E et Gty A
Ere Alxe] FAF APEe] AAZ w3l 23}
I ¢} 759 g el ARIEA vt AIE
FUNIAEE FHo] oF 20042 THE 299
‘3| Al £l H]3ke] turnoverZb =], wekA 2}
WAl MIEAVES AX 10,00070F 2-470] &
e, 2By g4, FAEFe] At e 7HA|
¥ Ay Ao BT MEAPEC] Z1ETY
12122 phenobarbital, estrogen ¥ proges-
teron, A|WA3tA|, 28]lx DTT 2 hexachloro-
cyclohexane 52 FER oJste] Fatg 31
A= A Fo] PR AL 7k ¥ ) AbE e o
T8E7] fste] &3] o] 8= Yt 3he] A=l
A E turnoverel] YolA THAETL o= B lol A
FeAE BElA goul A2 B Q53
91 (periprotal region)8ti FAEE proge-
nitor 278 AW (perivenular region)
2 A E7F 27 “streaming liver’ 7o)
AAH AP, AR o) bzl lipofuscin
o] F7}=o] 931%™ APEA A (apoptotic body) 7t &
3] #EETE AMEPE X45FQA AEe] turn-
overst ZHHIE ] HFH<] =37} o] ol U
ojdrh=d digk 2ot}

el A S@g A E, Kupfferd =, W Ax
H AWAFAE F9] 8]-2A (nonparenchymal)
MZ7L DA MEe] oF 1/30] GslA| T o5 v
A Axe] 7)F T AL X0 oA A=



Aol o Agg shAjol taA ATE i
s st B A BEIS At
P AN

Zagle] 7o) SEe Mg (ductule)E B4
shedl g A7 aEE Bea A e
ol ojste] Ay E o] HAAT. o]
Are] A Fode Bax] @A 24e
AR fAel QoA MEANE 2do) LS
A, el W ada s AT ApE e
Maperl FHeT) G 50 A F A
7} Bl TOF-A7 AZAE S Sslel =
AANYS SA53, KupfferdlXe AFE AXEE
wHaale] AASk] 2w, Saol )@ 1ke

A}
2

2

o~

%Nz

L_

AA] B A A A 7T BB o] Bulshe Alo] EF}
Ql, frElitar] 4 SuES EL 5 wWiARA s} 2t
ML) AMEE o7 E Fie}

2. AbE A ol oSt 7k o FE
a. g2 (HAP
Qe L 2YH TA oste] YHEE HEH

%1 =4 (hepatotoxin) o] BH& A4 ik, ABF
A =S AFATIE APEAS 7 Foke 8
oldet gAAEel 2habe g SR "o
Bl M= APEArE &3 waEct 428 44
o W& ApdAY] =3 FvF H B wzte ¢
& g4F 7Izte] A9 uS FREiR L vz 5
F3hE BB gk gl MESAH I
alcohol dehydrogenaseol 2jsle] o gh-3 = R-E
2% acetaldehydeZ} MEF7] Za& AAA]
713 AZEAPEE Fetr]) W&o,
£ FElatar] o) A ST

Al ZlTpRsn 0]\315’
28 AlojEFRI

o ZHHA o= 7]'Hli4 !
Az e 7HAEe I
A#E N dFEY TEY dFE EF TNF-ax|
ok wiEsly AlgTUolA dEd Al EFRIS
ikl 7R E] ATEE Fasitle Zlo] el
Joh® TNF-a o€ % transforming growth
factor-8 (TGF-PM = L=&A 7HE ko] Wl
#osl=o] TGF-B= TAEL] APE& 723
AfsE EX30n gEHA Ao, wets] F5
e Aol v3te] ol gtk AL EFL vz ¥h-g-
sl AEAPE AA3E A &
5ol 28 B4 2SS s ¢ Y& A
1= oL Qleh,

TNF%X«] *7P9Jr

al

2.
=
-2
E

o F

221

7-globulinX] 2]

afl
oZi

A
-
(a

=
HY &5

oL EIN

G\EO‘

g 1%

A 7R,
tresia), Ztel2] AF-wHg

2 3l (graft-versus-host dlsease) 2
Zl"é’ﬁ"’ﬂ*ﬂ SEAA= Esich gEEA4 A

ghe g A Xe] wxd ridsle HIHR

Agae] 44 & ductopenia® gl ol¥]
Ago A FEdIMEe] PSS HE iR
Ankg-ofl o3t MESH THEZL A A EL] AL
F237] wiEolgta LA Urk EF4A
DA M E Bl opE}; ThA ] APBE f
G o) 93t @Eel 3 Fe] 2ttty
ZrA|ZE Rl 4543 (hydrophobic) E&4te] &
M1 2l BEs}t 9w M Ee] 4L 23
tHFig. 4)%®. 9ad 254 (W % 7]‘5}94 o
ZFAAAN HASe B AEHE IFA
(hydrophilic) &4t ursodeoxycholatexr wF

N2 FEM L2 AFE-g AT

A

INDE

e}

==

4

)1 0|
f

0l

Z

g

4r_‘

3}

il

™

L

_,

c. A74A
A7

ez}
=
e

A = immuran 2 ﬁ@}%}xﬂ ER=A |

ol A 7PHAA Gl A = ¥o] =
“Councilman body” 2+ E\‘ﬂ——tﬂ ol ZHAlE 9]
AbEA o] s AT AAZ Alghe] ZFojA Tt

WA 7ed AEAAES rrEHGA 2EEelA

R e F9] dF oA BEHE Aol o
Aol A Ee] AP AlEA AGREE 9
st wizfA) & MESA THE7F Fas 22&

3 AEE HIstAY B perforind gran—

zyme B $& £33 MESA AlFH (cytoto-

xic granule) S E£8]3te] FH A EQ] ThA 2] A}

BE fsty] wiEelwha AZE I Tt

vlo)g| 24 7+ R A FA Ao 7He B

B1=] ek o} ulolzizo) o7k = FH A &4 0]

= A wkg-o] FasdtH L FoAE Fas

A7} vpolgi A 1rad kel WA oA A
¢l gghe shajel AZhE A vt AU AR

5 ok7re] FasE wddla o™, By =

C¥ 7+g wieleizol A=Y TdH] F4FL

B, =3 C

Al
|

uuuz
R

interferon 7‘<]§_ % =
oA HFo] &
7 e RHAo= io}_ 245} a]m
Fas ligand(FasL)$} ¥Fg-3}<
Q t:ﬂ—Q ‘:]‘*‘:‘ 7<] o _d7_" EL

5 AR



Bile salt

Bile salt induced
hepatocyte apoptosis

T Bile salts

<

Cholestasis

Bile duct

Oy

Immune-mediated
ductopenia

Cholangiocyte
apoptosis

Fig. 4. Apoptosis of hepatocytes and cholangiocytes in cholestatic liver diseases. Immune-mediated destruction of

cholangiocytes occurs by apoptosis leading to ductopenia. The ductopenia causes impairment of bile flow or cholestasis,

leading to retention and accumulation of toxic bile salts within the hepatocyte. The high concentrations of toxic bile salts then

induce hepatocyte apoptosis.
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Table 3. Gastrointestinal Diseases in Which Apoptosis May Be Important

Esophagus
Barrett s reflux disease
Esophageal cancer
Stomach
Peptic ulcer
Atrophic gastritis
Gastric cancer
Small bowel
Malabsorption syndrome
Radiation enteritis
Colon
Inflammatory bowel disease
Colon cancer

Radiation proctitis

Liver
Diseases targeting hepatocytes
Cholestasis
Toxic hapatitis
Viral disease
Hepatocellular carcinoma
Diseases targeting cholangiocytes
Primary sclerosing cholangitis
Primary biliary cirrhosis
AlDS-associated cholangitis
Cholangiocarcinoma
Pancreas
Acute pancreatitis
Chronic pancreatitis

Pancreatic carcinoma
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