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agnosis of each tumor was confirmed by histopathol-
ogy. Thirty-four of them (through H-01 to H-34; 45%)
were either with positive family history in the first-
or second-degree relatives and/or having multiple
colorectal cancers (one patient carried triple tumors
and three patients had double tumors), suggesting the
presence of profound genetic predisposition to
coloretal cancer including HNPCC. The other forty-
two (S-01 to S-42; 55%) were sporadic cases with
the solitary tumor. After acquiring written informed
consent, tumor tissues were surgically obtained. The
neoplastic tissue and adjacent normal mucosa were
separated, frozen in liquid nitrogen, and stored at
—20°C until preparation of genomic DNA. Experi-
mental protocols were approved by Ethics Review-
ing Committee of Medical Research Institute, Tokyo
Medical and Dental University and Institutional Re-
view Board of Kyushu University Hospital.

DNA preparation and analysis

Frozen tissue samples were minced by Polytron
homogenizer in tissue lysis buffer (50 mM Tris-HCl
pH 8.0, 75 mM NaCl, 20 mM EDTA - Na,). Imme-
diately after homogenization, proteinase K (Merck)
and SDS were added at 100 ug/ml and 1%, respec-
tively, and incubated at 55°C for 4 hours. After at least
three times of extraction with neutralized phenol and
chloroform, DNA was salted-out by adding 0.6 vol-
ume of isopropanol. Cotton wool-like DNA precipi-
tate was washed twice in 70% ethanol and re-dissolved
in 10 mM Tris-HCI pH 8.0, 0.1 mM EDTA - Na, at
50-200 ug/ml. DNA regions of interest were am-
plified by polymerase chain reaction (PCR) in a 30 ul
reaction with appropriate primer pairs. Nucleotide
sequences of the primers are available upon request.
For the detection of mutation, single-strand confor-
mation polymorphism (SSCP) analysis was employed.
In brief, 3 ul of PCR product was denatured in 50%
formamide at 95°C for 5 minutes prior to 8% poly-
acrylamide-0.8 X TBE (1 x TBE: 44.5 mM Tris-bo-
rate, ] mM EDTA - Na, pH 8.8) either with or with-
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out 10% glycerol. DNA fragments in the gel were
visualized by using silver staining kit (Daiichi Chemi-
cal). The samples demonstrating aberrant mobility
were subjected to direct sequencing using PCR prod-
uct as a template. Sequencing was performed on both
strands using the Big Dye Terminator Cycle sequenc-
ing kit and the ABIPRISM 310 capillary sequencer.

Determination of RER phenotype

Polymorphic microsatellite loci were used to study
the RER phenotype. Paired tumor and normal DNA
samples were genotyped by PCR at 32 microsatellite
loci as described previously (10). MSI was detected
in tumor DNA where repair error had taken place,
and when MSI was found at more than 25% of exam-
ined loci, the sample was considered to be RER-posi-
tive.

HLA DNA typing

Genotyping of HLA-A and -B loci was performed
to investigate the allele loss in tumor as compared
with corresponding normal tissue. Reference strand-
mediated conformation analysis (RSCA) was the
method of choice (11). Paired samples were analyzed
in parallel with HLA-A or HLA-B RSCA kit (Pel-
Freeze Clinical Systems) optimized for ALFexpress
system (Amersham Pharmacia Biotech). Allele as-
signments were made by ALFwin Software (Amer-
sham Pharmacia Biotech) determining migration val-
ues of heteroduplexes formed using the kit reagents
and amplified sample DNA.

Statistical analysis

Statistical analysis was performed by Fisher’s ex-
act test. When p value was less than 0.05, the associa-
tion was considered statistically significant. The
strength of association was evaluated by odds ratio
(OR) calculated with Woolf’s formula and Haldane’s
modification when suitable (12).






with the genetic predisposition (7 out of 34 cases;
20.6%) than in patients with non-familial solitary tu-
mor (1 out of 42; 2.4%).

Diagnosis of hereditary non-polyposis colorectal
cancer (HNPCC) by mutation analysis

All 81 tumor DNA and 76 normal tissue DNA
samples were subjected to a search for both somatic
and germ line mutations in two of the replication er-
ror repair genes, MSH2 and MLH], in order to estab-
lish the diagnosis of HNPCC. Three patients (H-04,
H-05 and H-17) carried mutations in MSH2 and other
three (H-01, H-26 and S-11) had heterozygous muta-
tions in MLH . Tumors from these 6 patients (9 speci-
mens) consistently exhibited the RER phenotype.

Mutation patterns of oncogenes in RER-positive
and -negative tumors

It is well-established that the cancerous tissues ac-
cumulate somatic mutations in oncogenes and tumor-
preventing genes, which both regulate intracellular
signaling to promote cell growth, cell-cycle progres-
sion, inhibition of apoptotic response in over-stimu-
lated cells or other mechanisms. Both gain-of-func-
tion and loss-of-function may take place depending
on the function of the genes during the tumor pro-
gression. Loss-of-function mutation can in part be
detected as a loss of heterozygosity (LOH), which is
one of the common mechanisms to get the loss of
normal gene function for preventing tumorigenesis.
Therefore we sought the mutations in the oncogenes
as well as the LOH type mutations in both RER-posi-
tive and -negative tumors. The frequencies of Ki-ras
mutations between the RER-positive and -negative
tumors were not significantly different (36.4% vs.
35.2%), suggesting that the gain-of-function type
Ki-ras mutation was essentially indifferent of the RER
phenotype. However, frame-shift mutation due to the
insertion or deletion of a single nucleotide or more,
another type of gene-inactivation mutation, was al-
most exclusively found in the RER-positive tumors.
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For example, mutations in the type II TGF beta re-
ceptor gene (TGFBR?2) at a hotspot of (A), corre-
sponding to codons 125-128 (7) were found in 10 of
11 RER-positive tumors (90.9%), while only 2 of 71
RER-negative tumors (2.8%) carried the TGFBR2
mutations. This observation was in good accordance
with the result of the previous study (7).

Inactivation of beta 2 microglobulin (B2M) gene
Next we searched for somatic gene alterations
which would result in the attenuation of antigen pre-
sentation to CTL. As showed in Figure 1, PCR-SSCP
analysis demonstrated abnormal band patterns in the
single-stranded DNA or double-stranded DNA. Since
most of the abnormal band patters were found in the
double-stranded DNA, it was suggested that most of
the B2M mutations were insertion or deletion muta-
tions forming heteroduplex which can be easily de-
tected in the analysis. Subsequent sequencing analy-
sis revealed that five tumors indeed carried heterozy-
gous frame-shift mutations due to either insertion or
deletion of nucleotide(s) at the repetitive sequences
in the protein coding region. Three carried 13del2 (the
deletion of one unit of dinucleotide repeat (CT),), one
had 68del1 (one nucleotide deletion at homopolymeric
sequence of (A)s), and one showed 93ins1 (one nucle-
otide insertion at homopolymeric sequence of (A)s)
(Table 1). Interestingly, the frame-shift mutations in
B2M gene were found exclusively in the RER-posi-
tive tumors; 5 of 11 RER-positive tumors (45.5%)
carried the B2M mutations, while no mutation was
observed in 70 RER-negative tumors (OR = 121.0,
P =1.8 x 107% Table 2). Another interesting finding
was that there was no case which carried B2M frame-
shift mutations on both chromosomes, although one
tumor (G001T) had another mutation (Met1 Val, mis-
sense mutation) on the same chromosome (Table 1).

LOH of HLA class I heavy chain loci
We next examined HLA-A, -B and -C loci for LOH
in the tumor samples by using SSCP analysis (Figure
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DNA BRIS—%Z2TDKBHAICIE HLA ISR | FFORREEZDSITHHMREENERT D

BRENY, RWRERD, EAEBE—Y, RKIEMY, k- EEEEY,
BfRD CAY, HRRIEX?Y, FEETY, AMFEh

1) FRERERRE - BHERERTERT - 2 TRE
2) BBRE - RFEREFRFER - WER G

3) WRERERIRE: - KFBER A GRETER - 7/ A Sk

4) UMK - BRI - B—H

5) ROGBERKE - H—HF

B BEUERY R—-Y AKEIA (HNPCC) HEORWEIZEBREVARBETH 5,
HNPCC ®JEHIZ DNA I A~y FBEBEZOREBTHY, PAMBICBVTIE~Y, 7 oY
TI4 MRREWELE T V—A3 7 MERMERT LI EFHONTWS, 2D &9 REMEE
BIINVASFEROMIEREE THIRICL > THACL LTHRRSND Y VN0 EYEEL D L E
ZAbhb, ZZTHRMAETIE, €0L) LA HRERZERLAIEEHC T LB AMBARE
EBED S8BT A0 TREZ BT 572012, KEFAZHRELTYA 27835754 b
AEEWEROCICHLA 7 5 A1 BETEL2I7uruT) VEET (B2M) EROFES
BEt L7ze ZOKR, ~A 2709754 MAREMEZRT HNPCC KGASA BV TI,
HLA 7 5 A I 3 TFORBUKT 23726 FTLEZONE B2M O 7 L—2A v 7 VERT 2
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HLA 7 5 X 185+ ® LOH BRZE R HIE HNPCC KIEHSA L B L CTHEICE W & H3H B
L7zo BBRIEWC E1Z, B2MER L HLA 7 5 X 1 BEFLEROWE % R ICE T 5 KEHs
ARBRBO LMol TNHEDI LHE, DNABEMLS — %489 KA, HLA 7 5
A1 G FORBARBERTEEL T 5 L THREEES Tl NK Mo W & 2005
PoBBEBT S EARBENT,

¥—T—-F. HLAZ IR, B232urzuryy, KA, HNPCC, St






























(5) HLA-DRB 22T

TU—T78 54 DF v MERFRAT 18, 45 o —
Txy MERMEA 4 THolzo MEEICHET S &
RS 2 MR AN L7245, %D 5T DRBL D7
Y IVEREIZ L TWTH DRB3-5 EIEF DR RRE %
LZWHERDSEBD bNize O LRBEHY 7 M %
fEA L723%E&2DRB1 7 MIZOWTIR MO B
BHAEDLEERRT HHDRB3-5 7V MIZDOWT
BEEMEZ SRR LAV TY a7 VHEIC R 5720
LEZOLND, TVNREDZEMP, 4L RLVD
7y2¥14%4ﬁiﬁu&<2mVNw®ﬁi%
L7-HEi 3320 N7z, D-027 DRZRTIET YLD
REEPELLIfTbR T hEdh ol

H1801 DMAKIZDOWTA T — ¥ O RUSMEIX IS
MRk C—F, L7z HLA B (MERISHE, FEAD) HSIE
BTHEOIZDWDOLTMET IV NKLIIERET
Holee BTV 7 M HRECTRLEB-DLEZS
na,

H1802 & Tix DRB4 7 V) MIZDOWTH LR
HE 2 OB TV AR Z VAS, DRB1 7Y L
A2 2% TH DRB4 7V WIZDOWTIZF U R
THNIR FDOAEZREBLT, —HI7s5r 73
REDBDOLEZ DN,

H1803 MARIZFEED H1702 Hefk & F—i#fk T
» o720 DRB1*¥1501 & DRBI1*1502 %5V 54 ®
VA v 7HiE DRB ¥v PTRHETET,

DRB1*1502 L HEL TWw3 & Z 51k DRB5*0102

DEGARFEPSHEL TS L EZ S, KEE
FIFRIC 1 % Tl DRB1*1502 28& w7 ) L
SEE LTz, :

H1804 oefkix H1802 & H1806 & [{—DHiia
KRHEROBETH Y, WGA 2iTo72EWE L TR
HEINZDDTHolze BF—%DORSEIRIFIZ—
HLTWi,

H1805 o#efkix H1801 L F—DHikTH Y, »
AT EMR L LTERASNADDTH S, KHliks
HETFT—FIXIZIZT T L Tz, & LA HIS01 #itk
DS UMEZE NP TWBEHIRYD 5,

H1806 O#fkix H1802 & H1804 & [W— ik
KRERDOBAETH Y, AEAEFEMIEL L CEA Sh
2HDTHolzs HRHROETFT—FZI1TIFTIF—FHLT
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Wizo 70— 7 #36 TIXIFRFRN L2 KSR 5%
FTVDOTEL B LD DIXBEMHICIZIS 2wk e
FETHILEND S,

SED QCWS TlIATF ¥ A I + oBefksss
%, VAV v s k¥iEE»ICHETSETH
TYHEDR D072, BEOANTOIFL T+
BRAETIET U VEAHNT % & DRBI EIEF,
DRB3-5 #{x¥, DR2HE S » bu v L OFIETF
EWINRERDLDOTT ) VEREOH EICHEED
AL TL %, 3CIZDRS2 #EZFTIiZ DRB1 &
DRB3 EIEZFOEUYMED S B4 R A EbERE 2
LMD, BlRATH DR52 BEMRESEHEL7- k
) 2213 Y)IC DRB1 BiEF O A 2 BEES 5 L E
BHrH1ES9,

(6) HLA-DQBI1 i2oW T

D-004, 016,024,027 ® 4 fisk 3B L 7=, Fu—
TORIBIEE A DR T L { —F L Tw72, D-027
DREFRE TIZET — 5 OFRBR 7 VIVELD IV — L3
FoNTORP o7,

(7 V94 FvbnFld

1) EF—F 25 LR HREONT Y
FLA4%L, BFRRISEZR LTV,

2) EEDODNABKTHN, WGA EWTHN,
HEAEMIET Y T vThh, TS T A E
AHEETH - 72,

3) HLA B(MFER) ~DFBICIZRIER 225,
BT U VOB TII RS EZ) Ty
FARD LNz BHFDOT V) IVIEBIHIE L 72 @7
V7 MERPEEND,

4. 777 7H MPH-2 v OBk

(1) MPH-2 % v b2/ LM% D-017, 035,
045,048,070 O 5 figt TH o 720 HEED 9 gk ICH:
B LTI TV,

(2) PERFBRICAET— 7 OEEHTEAH OD fE, 100
BEODEEDY, A7 —bF— ¥ ~DEHRBITD
NTV w7l 7u— 70k, BEDOHEIIR
HTHolo FtaD OD ELZMEETRE LTS
D&, A—F—fOEELLTVWES Yy PFTHET
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BHETELRVRRETHo72 O LIS 1
7V — b ZHW/2 MPH B CTORE, HECERES
BMRLoWLIDOERNEEZ ONS,

5. INNO-LIPA %y b D4R

ZDFxy bR LHERIED-017 £ 064 D 2 i
K THo720 DROADOEMPMEE OHFHTH Y,
SIMFEER LR W2 DIE T — 7 5 ORI
B U720 Ay POFBEIZY 4 LFEKTTO—
THDL L, BEREOBEDLFRETH 72,

6. SSOFXv PEEVWZARTLEHIC

QCWS TIIMMAEDREAFA3T Tz S i/ DNA
DFRELT, HHVIIHBTHLELTHAE,ID
OB HFEIRONTWBELDIZ, 77—}
DNA HEDBRRLEHE W) HTIRH T Y EICES S
Lide v, LA LEMERAME R S 0MEB LA
DNA OEAEF 1T PCR FUBAEL 5 RwE

LbhHpL, HUBETORHF E HMIETEE

WZtbdhb, HPLTNIZPETH-TH WGA
ZRALTHIEL, 25612SSO ¥y b2HWTS
AEYTTHZLLTRETH S, R SSO F v b

TIE% K% DNA %> 7V 5 Th PCR Kitast
FICHIBEENBE IHCTIAv—DILRP T b
- NVORENFON TS, Tu—TLDORBT
IR, EREEHESCREORBITFORNTKE R
RBUE V. MBSO — T ORERE % B &
WAEDPEELRENTH S, WL B A=A —HIHE
HT570—TORIRELZRELZFY P ThHo
THMHATu—7, 5 s 7u—7, ok
BECH L TEHORENHRL T W T U—T % &
ET b, ZOMTIE QCWS DEFE L LTk
BEDLH)BRRAa7—HELTWEPPBHEEISE
Eh, WHIZH.L ZoTWAF Y FTIEHAAD
BEETIRELZWSa—T7035H), ANEDES
HLA B TIZE bR E 2 A ICEBE RGNS L5
BIENH D, Bz biIkL LRREDOT X b2
B3 L TREZMEESEDLILNTE S,
QCWS Tix DNA ZH D) T L HLMBRES
DIEKBID DVHIRTH S, QCWS TD DNA I
HOIY F ik, —HBOBFRLIIREZEDDT, ¥
AV 7ORBEEEL L TREZEAETORHKIVN
S GBI LEMRTHODTH S,

—J3 kAl

£ 10[E HLA-QC 70— 3w TUiRk—
— I IEEIERE (LD Luminex i&)—

i (DNA 33P9)

HEBLT, HAMRRGE A&V SRRRE & BN R E R ERR & QCWS #Ha#

#: BAMBES 2 SHBE SR B R EFEZERE S QCWS MK R « AR, REZEHR?, KHIERY,
HMEE—Y, AHRED, EEERS, EHER?, HPFUY, EXHY, REYTY, ABRBTF?, REER> (B
&« VHORER SRR ERA R BT T 0 TR E R, VRRER AR R bR B GRS ER S A SRR SR
£, VEMRZEFEERE, YW +FIE L v 7 — &R, YHAERARZEYS, OENRERET RERRERE
HLA BFEE, PEVERSFR Y ¥ & —B%E0, YHRIRRTFmEL > 5 —RER, PRERFEFRDTEMRE
F, OREIEFNEEIEAN HLA BFJERT, 'DRIGKZB RER ST SR R IRF)

1. [EUBIC
8 9 [ QCW 24 HiZ Luminex & A L

TRERROBMA RO N2 (K 1) BHARA ¥ &M
Al - F v T OREREERHMEIC LIZo 72,






































































































































































































