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Relationship between Microsatellite Insta- cancer. The DPD mRNA expression level was informative

o ; PREE . in all 59 cases. The median expression level was 2.5 (range:
bility and Dihydropyrimidine Dehydroge 0~67.33). There was no correlation between the DPD

nase Expression as a Predictor of Respon- mRNA expression level and age, gender, location, or TNM
se to 5-Fluorouracil Chemotherapy for Colo- stage. MSI status was informative in 43 cases (72.9%).
rectal Cancer Thirty-six cases (36, 83.7%) were microsatellite-stable (MSS),

4 cases (9.3%) showed low-level microsatellite instability

Jai-Hyun Rhyou M.D."* Suk- Hwan Lee, M.D.>, Woo- In (MSI-L), and 3 cases (7.0%) showed high-level microsa-

tellite instability (MSI-H). Proximal CRC showed a higher
;ii'nrgfp c“g::gg o [')'ee’ETn[; Bl:(n‘:’a:fr':ﬂ,'l('[’)“ MD.L opertion of MSLH than distal CRC (25% vs. 2.8%

P=0.03). We could not find any correlation between the
DPD mRNA expression level and the MSI status in tumor
tissues (r=0.29, P=0.09). Conclusions: The expression
level of DPD mRNA raried among the tumors studied. The
relatively low frequency of MSI in distal CRC prohibits the
use of MSI status as a predictor of 5-FU chemosensitivity.

Department of Surgery, College of Medlcme Ewha Womans
University, Departments of Surgery and Laboratory Medicine,
College of Medicine, Kyung Hee University, Department of Sur-
gery, Songdo Colorectal Hospital, Seoul, Korea

Purpose: Dihydropyrimidine dehydrogenase (DPD) is a ra- We suggest that a well-designed large-scale study would be
te-limiting enzyme in 5-FU catabolism, so the enzymatic helpful to confirm the relation between DPD mRNA ex-
activity of DPD reflects the 5-FU response. Moreover, pression and MSI status as a predictor of 5-FU chemo-
recent studies have revealed that microsatellite instability sensitivity in CRC patients. ] Korean Soc Coloproctol
(MSI) status correlates well with the prognosis and the 2005;21:157-166

5-FU chemosensitivity in colorectal cancer (CRC). This o o

study aimed to determine whether DPD mRNA expression Key Words: 5-Fluorouracil, Dihydropyrimidine dehydrogenase,
is related with the MSI status of primary CRC as a prog- Microsatellite instability, Chemosensitivity

nostic predictor. Methods: Tumor samples and adjacent 5-Fu, DPD, 3l0|2 4% 2oty A shebx| 2t
normal colonic mucosal tissues were collected from 59 4\_,};’ ’

patients. DPD mRNA expression was calculated by using
the real-time RT-PCR method. The MSI status was ex-
amined by using multiplex fluorescent PCR with five refer-
ence markers. The results of DPD mRNA expression and
MSI status were compared with the clinicopathologic M =)
variables and with each other. Results: The mean age of

the 59 patients was 59 (range: 36 ~81) years. In 55 patients

(93.2%), the colorectal cancers were histologically well or At X g 4ol ZEFH xgo|A| vt &%
moderately differentiated. Forty-nine of the tumors (49, 5 23 SLo) SLE) 6 v - =0 1
83.1%) were located distal to the splenic flexure, and 46 T A% B de spsania WA A8 5 W
patients (78%) had TNM stage Il (n=17) or stage Il (n=29) P Ao EES PN F Joerz HE
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g ey 9o FaAol e ok F
ol A Bz gt stk aiol 7Y Bl AFREE of
=2 5-fluorouracil (5-FU)o]xL 7} a3V £ Ao

2 dHA Aoy, IPA Lol RiEES oF
25% 4= o] folinic acid 59 RZA|E AF&3F 4-¢
% 40% ©]/de] WEES ZslrE ojdy Ha
5-FUS] A W oF2) g2 #g o thet o]af 7} =olA]
WA o]y ol T8 g BHE BAE HIA
Ao zZH FEo a5 FEA7|1A} st AI=EC]
Y3 low, 5-FU FoF Aol ofA] S A=
T e ARE AT F vt tigh AFE0]

A8 Folrt
Dihydropyrimidine dehydrogenase (DPD)< 5-FU<| U
At F o]ty o Boste FA3 AR &
T 24 3F A (rate-limiting enzyme)©] T}, 5-FU= DPDY|
9]3)] dihydrofluorouracilZ W= o] ©]3}=}-80] 713}
=, o] }A-S Fal A Wl Fod 5-FUS 80%7}
e, @A 1~3%%0] F3 S S FAaH
Uehdga 3k AdAaFEe Ao oy
M EF2] DPD LA ol whe} 5-FU H-g- ol x}o]
7} gloka &6, ol dt Ads e SFUE F
= B2} AN wEEo] zto]7t = Zlo] DPD
dd gy BAVE JS VhesAdS RAFEH
Tk o) R A 594 A (microsatellite instability,
MSI)% EHX]-O]-Q] m-xg;q.;@ o]]}q MSI ﬁii E—a—].oq ol—
sty o] AP == A AAkste Fagh AE3HHQ
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1) o5t
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2) DPD mRNA & 2f

e 2FOoFHE RNAS FE3= 22 high
pure RNA tissue kit (Roche Diagnostics, Manheim, Ger-
many)S ©]-&38tl o W2 AzAbe] W whgt
o 24 25 mg¥ 50008 &3l/&H FFAE St

o F&stdey. YA o7 F(high pure filter tube)ol]

AAZS EF3F 3 13,000 g, 30%7 94 st &

9 892 Wi oo RNAVF BEE 3Tt
S =z

DNase IS & 410]A] Hol3l= DNAE A 2|3t A%
AFAR F Ao AHARF S T3 BEeEs AA
sttt U}Xl”‘oi o &5A 100us o FEe] 3
7}8ted 800g, AAE s A H RNAS 4
o} dojx RNA4 A E g2lst7] A8 2% aga-
rose geloll %7195 3}3L ethidium bromide ¢4 3}l
28s, 1859 F WM=ZS Flagih
9 A= DPD mRNA®] Joh 2|1 F&FS i 7]

% A A (reference gene)$} DPD A XS z+7h o] &
slojof =2 3kx}e] RNAS 715 ## A}, DPD #+3
A2 FE st 747 JHAet AT 9 AE LightCy-
cler® DPD mRNA quantification kit PLUS (Roche Diag-
nostics, Manheim, Germany)2] "ol wskt}, 2-x}9]
RNA 10u, H,O 2u, SGAALE A ¥ Z3E 24, 2
mM DPD =& 7]F F%4} A4, 1 mM dNTP, 40 U
RNase inhibitor, 25 U 9 AA} &4F & £33l 25°C
o A 10%, 42°Coll A 60+, 94°Coll A 5E7Fe] AA S
Fote] AXASEA T olu Al AL A A FgE BA T
(calibrator) = & & AALSISI T WHE©] R cDNA= 4
A FFEL AHRESA A o] & AY 1¥ A
3 9= 20C ¥E skt

LightCycler & o] 83} DPD$} 7]5% 67 AH(G6PDH
£ ol 8)E AEF37] fal oln wso] ¥ 77
cDNA 4uZ Taq DNA 533 gl%xﬂ, dNTP7} &
gt=lo] A& &4 21, DPD (32 G6PDH)2 2}l
3t 53} A (specific primer)9} F3H3} &3 (hybri-
dization probe)o] E3tE o] = HE EE 61, 25 mM
MgCl, 1.6u, <=5 H0 6.4u3 2 4o FHZE 2012
|AE HEAT oW FA ExTH FH EAVIE
A Azt DPD A &S 915 AldA o] d7] A
gL o Zoh

)



FAE 2 62 - hgFell A 5FU =232l A=A MSISH DPD 2@ AdA 159

DPD-1740F
DPD-1989R

T7-GGTCTTGCTAGCGCAACTCC
CCTTTAGTTCAGTGACACTTTGA

=g AA = AT
7} 20u9] WHE EFES EAF] Yal 700 goll A
520 AR THEL AANES Sl THE

U 23 ASoE 1057712 gt HARA
(denaturation)2 95°Coll A 5&3F 13] A&, =
3} (amplification) S 95°Col A 10%, 62°Col A 10%,
72°Coll A 1022 407715 Al sttt whgo] Eud
40°Co A 30&3t W2hsh o whg-S EWlth

DPD mRNA®] 3 #-& LightCycler ol A &3-o] w3}
£ o] &3te] 243191, F2/F1 channelol A =743}
Gt} 3o Wsl= WA (crossing point) ol 7] 331

=A3st90om, WAHL FFEA A 257

(exponential phase)7} A12}tE]= F7]19] & @3l ol
Zy AA 9] 27| A FEE ks Aot T3 =3
9 7 @2 AR A4H #2435 LightCycler™ ] 4
2 st Z2aYS o] 8t TR AR
B, 24 AAY N EEe] AF 55 wAst] FRFSERA
THFig. 1). DPD mRNA®] F&S a4 AHH-gA]
DPD f32}F A 9} 7] 3R] G6PDH X}
Al o] F2HE Fago] S AdHoE AL £F
3} H]&(normalized ratio)® FA]3}$3th

DNAS| 2& shepa Wz ol&ajel et
H %% & Hematoxylin & Eosin $34}3}o]

ZHE GAEe} BAAEZE 1Y HFE8 T2
v A7) 3te] proteinase K7} &€ &3 &5A7F &
71 Eppendorf ¥ol] B gk 5 50°Col A shzwk o &
33} T}, Phenol/chloroform ethanol &= o = 24z}

o] X o2 HE DNAE FZ314r}

MSI #42 FFEA TFEL A9k A EA S
o]-g3ate] ml= =y oF AFAddA AZst= 5 &
W) B-4=3] 3 X A} (microsatellite marker; BAT25, BAT26,
D2S123, D5S346, D17S250)E S &4 ASS &
o] 24" gF AdA SEEL s
(multiplex PCR)-2 Z7] WA Z4 S 94°Coll A 23T Al
&3 B 94°Coll A 103, 55°Coll Al 303, 72°Coll A 303
2 F 30778 NS &, HE SEHFS 72°CAAA
7EZ Al Ys .

Zah AYr2o 2L GeneScan” T2 1
o] WZ&% ABI Prism 377 DNA sequencer (Perkin-Elmer,
Santa Clara, CA)o|l A 43ttt HA DNASF £
DNAC|A] @An|§-4=3] FA| 2] B Aol gl 4
= MSS (Fig. 2), & 719 FA Ao A} BebgAdo] vt
B+E MSI-LE A 3tar, Ha 270 o] dn]
FA FEAAA A ZFBA o] AT BFE MSI-HE
ol thFig. 3). FAEA2 MSI-HE @v|F74
Ao 2, 183 MSI-LS MSSE #u| 344 oF
-

gt A AT

off Mr ML 4T

Zy o+ ko] HuE {EM e 7 i AA
w2} student t-test 9} chi-square test
0.0, Pgtol 0.057 %]l -5 T84
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Fig. 1. Amplification plots of
DPD (Target, T) and G6PDH
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mucosa (A) and tumor tissue
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ment pattern. (C) Panel repre-
sents the combination of upper
and middle panel.
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Fig. 3. Example of high-level
| microsatellite instability (MSI-

H H). Fragment pattern of ampli-

fied PCR products from a tu-
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A9} MSI9] &A= Pearson A THE-AL sl 4
BAFE F3A

59*%](58 8+10.5: 9] 36~
, A} 2478 0] Tk
At Rl 3} ‘;% ZS 5 Blero] 559

o, uisleto] 44 (6.8%)ATE FF B
2 T I A e

71 BEXE TNM H7] BXE 7F08 dlom,
stage 17} 77 (11.9%), stage 117} 1774 (28.8%), stage 1117}
297 (49.2%), stage IV7} 67 (10.2%)°] S THTable 1).

AF ISR llIl

' mor that is unstable at all five
analyzed microsatellite loci.

F=Hl, 71 3122 G6PDHS DPD cDNAE &7

FTHELS A E 3, TFES AANES A9

ggo] Was g ez Axkste 1xF3} H]E(nor-
v

malized ratio)Z A3+ Z3} DPD mRNAS] %2 0F-E
67302 Hi ke 5.1£9.60100H, TFES 259k

o7t 22 MSI & % A2 43 oA 75k
o™, MSS”7} 3640(83.7%), MSI-L°] 4¢](9.3%), MSI-H
7} 34 (7.0%) A Th.

MSI-LS HRQl 4¢< A7) 27, A2/ 2ol qle
o, 4Fo BEE BT dF go 2 o AAto]
14, Z&9to] 3o Atk D2S123 locus$} D5S346 locus©ll
EAAE Bl o7} 77 149, 2¢]= D17S250
locusol A TF E<SFAS H T

MSI-HE H9l o9& F 342 29| 139 oJz2
A ATl R, 14 364 FAE FA oAt



kel #3125 o] ARl FOo 2 TR 5 DPD mRNA oAy, ¢
Sy J el sty AER] AAAS B4 o, g
2 ZA3}(Table 2), DPD mRNAS] ¥ ZFS 3z A A & 9l

2] 691 : thAol N 5-FU 25

Table 1. Clinicopathologic findings

[e}
Fog BRI M
Variables N (%) 2 Bt 259 QA 2 Wt xSl
Differentiation”  Well or Mod 55 (93.2) AZF A=A 43 A3 (Table 3), MSI= &4H9] %
Poor or Muc 4 (6.8) ¥ AY, GAES Ea e, dFe Hree= —r-ﬂ-o}g’i
Location’ Proximal 10 (16.9) o}, 292 oko] MSI H1E(25%)7F 993 oFe] MSI
Distal 49 (83.1 ~
- o 1&D> HEQI%)A W) SATH 02 folahi = el
. N _
™ 8 (13.6) SR EHP=0.03).
T3 50 (84.7) DPD mRNA9] && &3} MSI9Le] A #TA = Pear-
pN* NO 24 (40.7) son 3 B3 A} ABAFI) 02942 F 7HA A
H NI 35 (593) AR ] ABAE S e AOE UERThP=0.09)
pM MO 53 (89.8) (Table 4).
Ml 6 (10.2)
Stage 1 7 (11.9) )
1 17 (28.8) i &
111 29 (49.2)
v 6 (102) 37) olabel iAeks A% 27] ChAIA 5FUS
I 33 d}or FlEFogH o »WZ2=Ao o o) &)
*Differentiation: Well = well differentiated adenocarcinoma, EFE Ao Frame d5A sew gy
Mod = moderately well differentiated adenocarcinoma, Poor Atk Lyt 5-Fuel| gk oFA] §kE-2 wl-g- theFste]
= poorly differer}rtiated adenocarcinoma, Muc = mucinous 7o 7)o L3 HIdAE ARl wat 5-FU
a(.ienocarcinomz’i; Location:.Proximal = cancer located pro- o O3t Mo s A A3 Ro]= Eo:]’ls AR Ao T
ximal to splenic flexure, Distal = cancer located dlstal to o1 6 1 e o o=
splenic flexure; *pT = pathologic tumor stage; pN = “dd e A 20% A=Y ¥HEEE YErdT o] #
pathologic nodal status; 'pM = pathologic metastasis. HoA A2 EodXe FEA 5 E 1Hsto &

Ao AFEEA MSI®F DPD &3 o] 434 161

3}

O
aole] fdel EA4R Fo0E A

.5 "xzd Holrt gle ¢ DPD
o & ASZ YEETHP=0.04).

MSST# MSI-LTS dr| 34 <F
SI-HT S dv|RHA Bk

2 (o o

Table 2. Relationship between DPD mRNA expression and clinicopathologic variables

Variables DPD*<2.5 DPD>2.5 P-value
Gender Male 20 (57.1%) 15 (42.9%) Ns'
Female 9 (37.5%) 15 (62.5%)
Differentiation’ Well or Mod 28 (50.9%) 27 (49.1%) NS
Poor or Muc 1 (25.0%) 3 (75.0%)
pT" T1 and T2 6 (66.7%) 3 (33.3%) NS
T3 23 (46.0%) 27 (54.0%)
pN* NO 8 (33.3%) 16 (66.7%) P=0.04
N1 21 (60.0%) 14 (40.0%)
Stage & 11 8 (33.3%) 16 (66.7%) P=0.04
I & IV 21 (60.0%) 14 (40.0%)
Location ' Proximal 4 (40.0%) 6 (60.0%) NS
Distal 25 (51.0%) 24 (49.0%)

*DPD = Dihydropyrimidine dehydrogenase;

well differentiated adenocarcinoma, Poor

pathologic tumor stage; §pN = pathologic nodal status;
cancer located distal to splenic flexure; NS =

Distal =

" Differentiation: Well =

not significant.

well differentiated adenocarcinoma, Mod = moderately
= poorly differentiated adenocarcinoma, Muc=mucinous adenocarcinoma; i pT =
"Location: Proximal =

cancer located proximal to splenic flexure,
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Table 3. Relationship between MSI status and clinicopathologic variables

+

Variables MSS* MSI P-value
Gender Male 27 (96.4%) 1 (3.6%) NS#*
Female 13 (86.7%) 2 (13.3%)
Differentiation’ Well or Mod 37 (94.9%) 2 (5.1%) NS
Poor or Muc 3 (75.0%) 1 (25.0%)
pT’ T1 and T2 4 (100%) 0 (0%) NS
T3 36 (92.3%) 3 (7.7%)
pN' NO 13 (92.9%) 1 (7.1%) NS
N1 27 (93.1%) 2 (6.9%)
Stage I &11 14 (93.3%) 1 (6.7%) NS
I & IV 26 (92.9%) 2 (7.1%)
Location” Proximal 6 (75.0%) 2 (25.0%) P=0.03
Distal 34 (97.1%) 1 2.9%)

*MSS = microsatellite stable; " MSI = microsatellite instability; * Differentiation: Well = well differentiated adenocarcinoma,

Mod = moderately well differentiated adenocarcinoma, Poor

= poorly differentiated adenocarcinoma, Muc = mucinous

adenocarcinoma; §pT = pathologic tumor stage; ! pN = pathologic nodal status; "Location: Proximal = cancer located proximal
to splenic flexure, Distal = cancer located distal to splenic flexure; **NS = not significant.

Table 4. Relationship between DPD mRNA expression and
MSI status

MSS* MSI-H' Total

DPD' <25 23 (100%) 0 (0%) 23
DPD>2.5 17 (85.0%) 3 (15.0%) 20
Total 40 3 43

*MSS = microsatellite stable; "MSI = microsatellite in-
stability; *DPD = Dihydropyrimidine dehydrogenase DPD
mRNA expression level was presented by normalized ratio.

o steta & Shatel whel s, A A ststaat s
T o] AlEHI 9l o] FAd wet £ o a3
2 FAAE A e FHAA 5-FUS EAE
g 37 S AdE oFAlel dig A =8 9
5-FUS| #8710 tigh AEo] gol Iy 3
o 2 FeME 5 AFAEL 5-FU9 o] 3hak-g-
THE Fol o5 2Hsto] 5-FUS A4S WA
T A7E AEsa oY

5-FU9] thaloll #83tE 45 5 DPDE 110 kDa
3719 T submitoE FAE EAZH 5-FU9
FEUAL A T o] 3FEFEo Fojdt) o]= 5-FU U
Arel £ - G4 F A Fo9 5-FUY 80% ©]
o] DPDO| o3& v H P th(Fig. 4).° o|2F oz FF
Z2 Yo EA)3l= DPD] o] Wow 5-Fuzl &<+

. 5-FU
Anabolism Catabolism
pathwai/ pathway
FUrd DHFU

l Dihydropyrimidinase

Inhibition of FUPA
FaumP TS activity

l B-alanine synthase

FBAL
Inhibition of

RNA synthesis

Inhibition of
DNA synthesis

Fig. 4. Diagram of 5-FU metabolism. DPD = dihydro-
pyrimidine dehydrogenase; DHFU = 5’,6’-dihydrofluorou-
racil; FUPA = a-fluoro-3 ueidopropionic acid; FBAL = 5-
fluoro-3-alanine; FUrd = fluorouridine; FdUrd = fluorodeo-
xyuridine; FAUMP = fluorodeoxyuridine monophosphate; TS
= thymidylate synthase.
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HZ w7 B4 ego ™ H9 in vitro Aol 98t she Ao deA|a b g BRI gy a5
Z4AE U DPD B4} 5FU Aol Wi 22 Bz 39 sste ‘ﬁol o] Pl Zwol He
& BA 7 Aok k%253 Etienne %17—0— DPD & 371 gt Ao %3}0}J~ o ge 2ANE
dr=st 5-FU & gtetafiae] dAE dHe= g4 ®AAES A EATHE F o A3 A
Wk A3, et sheta o] 4 & H% el &2t 4e e g e AeE A

To] Fi& v a3t Id gl Hls DPD MSI= DNA 54| @ 7E5 wAs|F= DNA #4 ¢
o] el %7:“?5”<q o= -n—-/]’d}ﬂl ZHaE AT B 27 % AH(mismatch repair gene)2] &AM o] Z HAY

FFED, 5 e 0= U4 ok MSIE AR okl o

2 & QA GRS A5 W8T A

G g we WEZOAA M ML A 0% o BIS, LY YA o 15%
HlEz o] DPD BAEAE Aol7h glgikn @k o)A wHEch MSIE UEE Bdge o 54
o7 Aol A S-FU B5A) TalE FFEA DPD o] #AE o] B9 o] Hof gtk & S35l
FHE QPHoR 20T Aow FHA Yopb  WEa, AEe] v 2 ggel ge o] 54
F96l YT Aol B, @ FAH ool

DPD AAE o] &Fo2H 5-FU o|gtaE5 oM, &
= [e]
K =

ok
[e]

A AF7 & AOR BuEH T YUY w5
}

A FEO S = 5-FU
H23F F dvhe 7% Hud uk Qo £ ol &% FUAE dHE 28 MSIE EO] A &
2 A7 dgd =HoA4 DPD mRNAE BF = A3 7] A SANAME FAe] 2ol =5
=43 23 0FH 67302 Ji7Re) Fol wet v o] H7Yl= shAR MSIE YEh= A9 UE 7
ggetA vebstth B Aol e e sheta e ol Eob AEE AolE Bl A7 ZHx 3l
A3t 713 DPD mRNAS] BEFe] 7|EFHE 4 MSIE Uetlle g4 9571 2 olf 5 st
& Qo] TR 258 VIEE TR BAT  7F5FU FGA AEAol w2 Zlo] 7 ajlew A
A 24 st OE AT R M e} pRRTEA] ZhE 3 ok
% DPD mRNA®| L@ FE TUF| JAEErt T4 £ AFolAE MSI A0l 7HsAd 434 F 3

B3, Brlede FHsdoy, 324 o] f4 (7.0%)°1 4 MSI-HE UEld = & A5 Bl
o wel 2polE HPYThP=0.04). & AT Pz A of vlal wtA #FEHU o= bt Y &
Aol 7} 7o Ze7t Al Foz o] 1 o e 7} Aol wE o} A A AAGe ek gon
F13t7] HalMe Boh B2 S v A7 2 thgete] vigo] wa M B Aol thadel Fgete
83 Aoz A7) HlZ o]l E=9k7] Wil Hoz A7t §-2lyete]

DPD mRNAS] & o) FohA] S vlust B HVWOM MSIZ S35 d 74 5% Bad o3}
2 ATEL 47 UFZY FAE dgoE YT B A Z 10740 9] oSt T 27 3844 MSIE WE}
IE FEEY JFATES A T4 DPD mRNA d o= gdtha ok MSIVF A #EEE 99
o] ZolH o]zt A9] DPD mRNAZS tjw i+ S g to] Wol £3HE 3o 5-FU &4Al A
A 71Z38te] 47] gt B2 o FA 23S o] o SRAAZ A MSIS] oS AR A= A7}
o B35 T ey Mol® WAl 9 Blhe] 2 Ak =3 A9F fgY FAME AFST a5ket
A BESH B MR O oz HAA dEAn o 0¥ ol &9t st HE ofyel WA 2
now, kA 7 ¢

S| H
h=4 R
g EE tEthe A7 AP 1 o MEARE AASL g Ao o) F5o
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