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Classification of Microsatellite Alterations De- 73 cases, 19 cases of which were categorized into a

tected in Endoscopic Biopsy Specimens of
Gastric Cancers
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Purpose: Individual gasiric cancers demonstrate complicated
genetic alterations. The PCR-based analysis of polymorphic
microsatellite sequences on cancer-related chromosomes
has been used to detect chromosomal loss and microsatellite
instability. For the purpose of preoperative usage, we ana-
lyzed the correspondance rate of the microsatellite genotype
between endoscopic biopsy and surgical specimens.
Materials and Methods: Seventy-three pairs of biopsy and
surgical specimens were examined for loss of heterozygosity
and microsatellite instability by using 40 microsatellite
markers on eight chromosomes. Microsatellite alterations in
tumor DMNAs were classified info a high-risk group (baseline-
level loss of heterozygosity: 1 chromosomal loss in diffuse
type and high-level loss of heterozygosity: 4 or more chro-
mosomal losses) and a lowerisk group  (microsatellite
instability and low-level loss of heterozygosity: 2 or 3 chro-
mosomal losses in diffuse type or 13 chromosomal losses
in intestinal type) based on the extent of chromosomal loss
and microsatellite instability.

Results: The chromosomal losses of the biopsy and the
surgical specimens were found 1o be different in 21 of the
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genotype group of similar extent. In 100 surgical specimens,
the high-risk genotype group showed a high incidence of
nodal involvement (19 of 23 cases: <5 cm; 23 of 24 cases:
=5 om irrespective of tumor size while the incidence of
nodal involvement for the lowerisk genotype group depended
on tumor size (5 of 26 cases: =<5 cm; 18 of 27 cases
>5 om) Exfraserosal invasion was more frequent in
large-sized tumor in both the high-risk genotype group (=5
cm: 12 of 23 cases, >5 om: 23 of 24 cases) and the
low-risk genotype group (=5 om: 7 of 26 cases;, >5cm
16 of 27 cases). The preoperative prediciion of tumor
invasion and nodal invalvement based on tumor size and
genotype corresponded closely to the pathdogic tumor stage
(ROC area>017).

Conclusion: An endoscopic biopsy specimen of gastric
cancer can be used 1o make a preoperative genetic
diagnosis that accurately reflect the genotype of the cor-
responding surgical specimen. {J Korean Gastric Cancer
Assoc 2004;4:109-120)

Key Words: Gastric cancer, Microsatellite, Tumor invasion,
MNodal involvement
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Fig. 1. Determining of chromosomal los:
caleulated as

i resuls of clectrophoresis. Using electrophotometer, reciprocal relative allelic ratio was
divide of the wmor allelic ratio by the normal allelic ratio. (A) Microsatellite marker, D48174 represents the case of LOH

positive. The Relative allelic rtio (asterisk) of signal reduction in tumor DNA (T) compared to normal DNA (N) exceeds the cutoff (0.65;

see Method). In

of LOH negative marker D8S261, the relative intensity ratio is higher than 0.6 in spite of bac

round level. The

excessive comigration of the main and satellite bands for two alleles is seen for D18857, which represents uninformative. (B) Most of

wild type (rogative) alleli s
to tumor cell purity (70~ 80%, 80~90%, >90%). As the purity in

als of tumor DNA had different ranges according
ed, relative allelic signals were also increased. The cutoff value

of LOH positive was commonly determined as 0.65 fold. The doted lines represent the cutoff value (0.65).
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Table 1. Genotypes and microsatellite alteration patterns of biepsy and surgical specimen in gastric cancer

Lowrisk genotype

High risk genotype

Surgical specimen of gastric cancer (n=73) Total
MSI LOH-L LOHB LOH-H
Biopsy Low-risk gentypes MSI 9 9
specimen
1LOH-L 2 30 1 33
Highrisk genctypes LOH-B 1 9 10
1OH-H 21 21
Patterns of Home Type A 9 21 9 13 52
chromosomal loss*
Mixed Type B 2 2
Type C 1 4 5
Type D 4] 4 10
Type E 1 1 2
Tvpe F 2 2

*Type A = Same chnomosome, same numbe-1r of chromoscmal loss, same genotype; Type B = Different chromosome, same number
of chromosomal loss, same genotype; Type C = Reciprocal allele, same or different number of chromosemal loss, same genctype; Type
I = Different chromosome, different number of chromosomes, same genotype; Type E = Different chromosome, different mumber of

chromosomes, different genotype; Type F = Microsatellite instability and loss of heterozygosity were within 8 chromosomes. MSI =
microsatellite mstability; LOH-L = low-level loss of heterozygosity; LOH-B = baseline-level of heterozygosity; LOH-H = high-level loss

of heterozygosity.
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Table 2. Clinicopatholegical characters and pattems of the heterogenous chromosomal loss between biopsy specimen and sureical specimen

Level of Tumor TNM
Ca Speci Chr 1 loss*
se pecimen OIMmOSemar oss LOH location stage
7 Surgical 8[3 W) Low
Bod T1NOMO
Biopsy 8,3 (UL Low ¥
81 Surgical 9,13, 18 Lo
1‘1rg1ca ER W Body T4N1IMO
Biopsy 9 Baseline
84 Surgical Lo
urgio W Cardia T3INOMO
Biopsy 5, 18 Low
95 Surgical 18,4, 17 Lo
urgica 4, 17] W Cardia TINOMO
Biopsy 18 Low
125 Surgical 4,17, 18,(5 High
1‘1rglc , ' 1 (UL} ‘g Cardia TINIMO
Biopsy 4, 17, 18,|5 (UL} High
129 Surgical 5,8,17,(3, 4, 18 High Antru T3N3MO
Biopsy 5,8, 17,09, 13 High m
130 Surgical 8 9, 18,[4, 5 (IYL), 13 (L), 17 (U/L High
urgica (UL, 13 (U/L), 17 (U/L) £ Body T4NOMO
Biopsy 8, 9, 18,[5 (L), 13 (YL}, 17 (U/L) High
175 Surgical 5,9, 13, 17,13 (U/L), 4, 18 (U/1) High Antrum TINZM1
Biopsy 5,9, 13, 17,|3 (U/L), 18 (U/L) High
190 Surgical 3, Low
Bod: T2NIMO
Biopsy 3 Low ’
204 Surgical 3, 5|4, 13, 17 High
‘ Cardia T3NOMO
Biopsy 3,5 Low
205 Surgical 3,8 Low
) Body T3INOMO
Biopsy 5 9 Low
208 Sl‘lrglcal 13,18, 17 Low Antrnm T2NIMO
Biopsy 13 Low
218 Surgical 3 | Low
) Antrum T3NIMO
Biopsy 5, 13 Low
219 Surgical 3,589 13,17, 18, 4 High Antru T2NOMO
Biopsy 3,5 809 13, 17, 18 High "
223 Sl‘lrglcal 3,589 13, 17 H‘Tgh Antrum T2NOMO
Biopsy 3,5 8,9 13, 17 High
232 Surgical 345 0, 17, High
Antru TINOMO
Biopsy 3,4,509 17 High "
233 Surgical 8, 18,|5 (U/L), 9, 13 (YL}, 17 (U High
1‘1rglca {U/L} (UL} (UL} ‘13 Body TINIMO
Biopsy 8, 18,{5 (U/L), 13 (U/L), 17 (L} High
240 Sl‘1rglcal 3, 4,18 | Low Antrum T1NOMO
Biopsy 3, 4,117] Low
241 Sl‘lrglcal 8,4, 13 Low Antrom TINGMO
Biopsy 8,13 Low

#{n=19} microsatellite alterations of the cases showing only LOH both biopsy specimens and the surgical specimens. See the table 1,
the mixed chromosomal loss pattemns (type B, C, D, E).

Boxes mean heterologous patterns of chromosomal loss and UL is reciprecal allelic loss.

LOH = loss of heterozygosity; TNM = tumor-node metastasis.

Ao ehdth 39 O )44SR AN &80 WY AAA JuPE 248 Bl 9UE B 94,
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Table 3. Multi-focal analysis of the genotypes and the microsatellite alteration patterns of surgical specimen in gastric cancer

Low-tisk genctype

High risk genoctype

Class-1 of specimen type (n=100} Total
MSI LOH-L LOH-B 1CH-H
Class-I of Low-risk gentypes MSI 10 10
specimen type LOH-L 2 39 2 3 46
Highrisk genotypes LOHB 1 12 13
LOH-H 1 30 31
Patterns of Home Type A 10 29 12 14 65
chromosomal loss*
Mixed Type B 2 1 3
Type C 2 7 9
Type D ] g 14
Type E 2 2 3 7
Type F 2 2

*Type A = Same chnomoseme, same number of chromosomal loss, same genotype; Type B = Different chremesome, same number of

chromosomal loss, same genotype; Type C = Reciprocal allele, same or different number of chromosomal loss, same genotype; Type

D = Different chromosome, different mumber of chromosomes, same genotype; Type E = Different chromosome, different mumber of

chromosomes, different genotype; Type F = Microsatellite instability and loss of heterozygosity were within 8 chromosomes. MSI =
microsatellite instability; LOH-L = low-level loss of heterozygosity; LOH-B = baseline-level of heterozygosity; LOH-H = high-level loss
of heterozygosity.

Table 4. Clonality of chromosomal losses in the biopsy and surgical specimens of gastric cancer

Biopsy specimen

Surgical specimen

Heterogeneous (%)

Homogeneous (%) Hetergeneous (%) Homogenecus (%)

Genotype

LOH-B 9 20) 1 (5) 10 (18)

LOH-L 23 (51) 10 (53 30 (55)

LOH-H 13 (19} 8 (42) 15 27)
Histological type

Homo 38 (84) 13 (68} 41 (75)

Mixed 7 {16y 6 (32 14 25)
Tumor stage

Early 18 (40) 11 (58) 24 (44

Advanced 27 (60) 8 (42) 31 (56)

#*High frequency of heterclogous chromoesomal loss were observed compared with other types. LOH-B = baseline-level of heterozygosity;

4 (12)
11 (33)
18 (55

18 (55)
15 (45

14 (42)
19 (58)

LOH-L = low-level loss of heterozygosity; LOH-H = high-level loss of heterozygosity.
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Fig. 2. Genetic analysis of tumor invasion and lymph node involvement were divided into two groups according to the tumor size 5 cm.
{A) Tumeor invasion depth was tend to incresse as size grew larger. In cases of tumor size <5 cm, invasion depth of LOH-B and LOH-H
had highest frequencies in T3 (50% and 47%), MSI and LOH-L had highest frequencies in each of T2 (100%) and T1 (48%). In cases
of tumor size 5 cm, LOH-B had highest frequency in T4 and all of other cases had highest frequencies in T3 (> 50%). (B} In tumer
size <35 cm, the frequencies of lymph node involvement in LOH-B (100%) and LOH-H (79%) were higher than MSI {17%) and LOH-L
{33%). In tumor size >5 cm, LOH-B and LOH-H had high frequencies of lymph node involvement constantly, frequencies of lymph node
involvement were In MSI (55%)} and LOH-L {72%). lymph node involvement had high frequencies in LOH-B (100%) and LOH-H {79%)
than other genotypes. In cases of tumor size >5 com, all genotypes had high frequencies, MSI (55%), LOH-L (72%), LOH-B {100%),
LOH-H (90%). MSI = microsatellite instability; LOH-L = low-level loss of heterozygosity; LOH-B = baseline-level of heterozygesity; LOH-H
= high-level loss of heterozygosity.

Table 5. Size depended comparison of low-risk genotype and high-risk senotype in invasion depth and lymph node involvement

Genotype
P value'
Low-risk* High-risk
Small sized tumeor Intra-serosal invasion (T1-2) 19 11 0,064
{<I5 cm) Extra-serosal invasion (T3-4)} 7 12 ’
Large sized tumor Intra-serosal invasion (T1-2) 11 1 0,002
{5 cm) Extra-serosal invasion {T3-4} 16 23
P value 0.018 0.001
Small sized tumeor Lymph nede involvement
(=5 cm}
Negative 21 4 < 0.001
Positive 5 19
Large sized tumor Lymph node invelvement
{5 cm)
Negative 9 1 0.009
Positive 18 23
P value’ <0.001 0.142

#MSI and LOH-L; " LOH-B and LOHH,; * Significances of the low-risk genotypes to the high-risk genotypes; §Signjﬁcanoes of the small

sized tumor (<25 cm)} to the large sized tumor (5 cm).
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Ao Zzetd Mede] 2 F=F Hot H/AFE
ER sy

LOHB (1 6.8 cm)= MSI (B 6.5 cm)$} LOHL (3
T 4.1 em) 28| Y LOH-H (BT 4.7 cm)ol| Hl5te] H3 2]
Hg 2717 Atk f9E HEAT G anyE 71ELE Z
A5 emyst FL A (=5 cm)FE FESISE T HE
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Fig. 3. Proposed procedure of genetic diagnosis of gastric cancer.
Forty markers from 8 cancer related chromosomes were used.
Microsatellite genctypes were categorized into MSI, LOH-L,
LOH-B and LOH-H according to the number of chromosomal
losses and tumor location. MSI and LOH-L were grouped as low
risk genotyps and was assigned to extrasercsal invasion and lymph
node metastasis if wmor size was larger than 5 cm. TOH-B and
LOH-H were grouped ss high risk genctype and interpretated as
extraserosal invasion and lymph node metastasis. MSI =
microsatellite instability; LOH-L = low-level lees of heterozy-
gosity; LOH-B = baseline-level of heterozygosity; LOH-H =
high-level loss of heterozygosity.
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Fig. 4. ROC (receiver operating characteristic} curve of preoperative genetic stages and CT {(computed tomograph) stages depend on tumer
size. {A)} In cases of tumeor size <5 cm, ROC area for genetic stage (0.70) was higher than CT stage (0.52) in T (tumeor invasion} stage.
{B} In cases of tumor size <5 cm, ROC area for genetic stage (0.81) was higher than CT stage (0.63) in N {lymph node involvement)
stage. {C} In cases of tumor size >5 cm, ROC area for genetic stage (0.72} was higher than CT stage (0.63) In T stage. (D} In cases
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represent more precise tumor invasion and metsstasis than CT stages.
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