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Some studies have shown an inverse relationship be-
tween microsatellite instability in colon cancer and
mutations in p53 and K-ras , whereas others have not.
We therefore evaluated these features in a population-
based sample of 496 individuals with colon cancer.
Microsatellite instability was determined by a panel of
10 tetranucleotide repeats, the Bethesda consensus
panel of mono- and dinucleotide repeats, and coding
mononucleotide repeats in transforming growth fac-
tor-beta receptor type II, hMSH3 , BAX , hMSH6 , and
insulin-like growth factor receptor type II. Mutations
in codons 12 and 13 in K-ras were evaluated by se-
quencing. p53 overexpression (as detected by immu-
nohistochemistry) was used as an indicator of p53
mutation; this was evaluated in 275 of the tumors.
K-ras mutations were present in 33.2% of tumors,
p53 overexpression in 51.5%, and microsatellite in-
stability (as determined by the Bethesda consensus
panel) in 12.5%. K-ras mutations were significantly
less common in unstable tumors than stable tumors
(11.8% versus 36.9%, P < 0.001). p53 overexpression
was significantly less common in unstable tumors
than stable tumors (20.0% versus 55.7%, P < 0.001).
These inverse relationships between microsatellite
instability and ras gene mutations and p53 overex-
pression were shown to be independent of tumor site
in logistic regression analyses. All other measures of
instability also showed statistically significant inverse
relationships independent of tumor site with alter-
ations in ras and p53 , and instability results deter-
mined by the panel of 10 tetranucleotide repeats were
highly significantly related to those determined by
the Bethesda consensus panel. Coding mononucle-
otide repeat mutations were significantly more com-

mon in unstable tumors than stable tumors (85.7%
versus 1.0%, P < 0.001). We conclude that there is an
inverse relationship between microsatellite instabil-
ity and mutations in p53 and K-ras , and that the
molecular profile of colon cancers with microsatellite
instability is characterized by relatively infrequent
mutations in K-ras and p53 and relatively frequent
mutations in coding mononucleotide repeats. (Am J
Pathol 2001, 158:1517–1524)

The relationship between microsatellite instability and
mutations in p53 and K-ras in colon cancer is somewhat
controversial. Some studies have shown an inverse rela-
tionship between instability and mutations in these
genes, whereas other studies have not.1 Possible expla-
nations for these inconsistent results include small stud-
ies with insufficient power to show a significant relation-
ship, studies of different populations, and/or different
methods for measuring microsatellite instability. In addi-
tion, most previous studies did not control for tumor site,
a potentially confounding variable because of the high
correlation between microsatellite instability and proximal
tumor location.2

The above concerns are addressed in the current
study by evaluating microsatellite instability, K-ras, and
p53 in a large, population-based sample of colon can-
cers from the state of Utah. Microsatellite instability is
analyzed in several different ways: a panel of 10 tet-
ranucleotide repeats used by us in previous studies,2–4

the Bethesda consensus panel generated by a National
Cancer Institute workshop on microsatellite instability,5

and mononucleotide repeats within the coding regions of
transforming growth factor-b receptor type II (TGFbRII),
BAX, hMSH3, hMSH6, and the insulin-like growth factor
type II receptor (IGFIIR).6 We also determine whether
relationships between microsatellite instability and alter-
ations in ras and p53 are independent of tumor site (and
other variables) in logistic regression analyses.

Supported by grants CA48998 and CA61757 from the National Cancer
Institute. Its contents are solely the responsibility of the authors and do not
necessarily represent the official views of the National Cancer Institute.

Accepted for publication January 5, 2001.

Address reprint requests to Wade S. Samowitz, M.D., Dept. of Pathol-
ogy, University of Utah Health Sciences Center, 50 North Medical Dr., Salt
Lake City, Utah 84132. E-mail: wsamowitz@msscc.med.utah.edu.

American Journal of Pathology, Vol. 158, No. 4, April 2001

Copyright © American Society for Investigative Pathology

1517



Materials and Methods

Molecular analysis of colon cancer samples from 496
individuals was performed. These individuals represent
the Utah portion of a population-based case-control
study of the etiology of colon cancer7 and includes 154
individuals previously evaluated in a study of microsatel-
lite instability and family history.2 Study participants were
from an eight county area in Utah (Davis, Salt Lake, Utah,
Weber, Wasatch, Tooele, Morgan, and Summit counties).
Eligibility criteria included diagnosis with first-primary in-
cident colon cancer (ICD-O second edition codes 18.0,
18.2 to 18.9) between October 1, 1991, and September
30, 1994, age between 30 and 79 years at time of diag-
nosis, and mentally competent to complete the interview.
Individuals with adenomatous polyposis coli or inflamma-
tory bowel disease were excluded from the study. Indi-
viduals with hereditary nonpolyposis colon cancer were
not specifically excluded, but such individuals should
comprise only a small fraction of those with colon cancer
at the population level;8 this study sample therefore con-
sists mostly of individuals with sporadic colon cancer.
The 496 individuals represent 85.8% (496 of 578) of those
diagnosed with colon cancer in the state of Utah between
October, 1991, and October, 1994, again underscoring
the population-based nature of this study. Colon cancer
tissue was microdissected and DNA extracted from for-
malin-fixed paraffin-embedded tissue blocks as de-
scribed previously.9 The respective normal DNA from
each individual was extracted from peripheral blood (222
cases) or from paraffin blocks of normal colonic mucosa
(274 cases).

Microsatellite Instability

Each tumor was evaluated for microsatellite instability
with a panel of 10 tetranucleotide repeats2 and with the
Bethesda consensus panel (mononucleotide repeats
BAT-25 and BAT-26 and dinucleotide repeats D5S346,
D2S123, and D17S250) generated by the National Can-
cer Institute workshop on microsatellite instability.5 The
tumors were also evaluated with five coding mononucle-
otide repeats [(A)10 in TGFBRII, (A)8 in hMSH3, (G)8 in
BAX, (G)8 in IGFIIR, and (C)8 in hMSH6]. The primer
sequences and polymerase chain reaction (PCR) condi-
tions for the tetranucleotide repeats, coding mononucle-
otide repeats, and BAT-26 were as described previous-
ly.2,6,10 The primer sequences for the remaining four
primer sets of the consensus panel were as described
previously.11 PCR of these primers consisted of 38 cycles
of 20 seconds at 95°C, 20 seconds annealing, and 40
seconds at 72°C, followed by a 10-minute extension at
72°C. The initial annealing temperature was 60°C for
BAT-25 and D2S123 and 64°C for D17S250 and D52346.
This annealing temperature was decreased 1 degree for
each of the next seven cycles and was 52°C for the final
30 cycles.

Both tumoral DNA and normal DNA were PCR ampli-
fied with the above primer sets. Microsatellite instability
for a given primer set was defined as the appearance of

one or more new PCR products either smaller or larger
than those produced from normal DNA. Results from the
tetranucleotide repeat panel were considered to indicate
significant microsatellite instability if three or more of the
10 repeats were unstable. Results were considered to
indicate stability if ,30% of the repeats were unstable
and at least six of the 10 repeats were typed. Results from
the consensus panel were considered to indicate signif-
icant microsatellite instability if two or more of the five
repeats were unstable. Results from the consensus panel
were considered to indicate stability if no repeats were
unstable and at least four were typed or if one of five
repeats were unstable. Using these criteria, 92.1% of
tumors were successfully classified as unstable or stable
by the tetranucleotide repeats and 90.3% were classified
by the consensus panel.

Microsatellite instability was also assessed using one
of the consensus panel repeats, BAT-26, by itself. Insta-
bility in this mononucleotide repeat has been reported to
be highly correlated with generalized dinucleotide repeat
instability.12

Instability in the coding mononucleotide repeats was
considered in two ways: instability in any of the five
coding repeats, and instability in TGFbRII, the coding
repeat most frequently mutated in unstable tumors.6,13

K-ras Mutations

Codons 12 and 13 of the K-ras gene were evaluated for
mutations. Exon 1 of K-ras was amplified as described
previously14 except that primers were tailed with univer-
sal primer (UP) and reverse primer (RP) for sequencing.
PCR products were sequenced using prism Big Dye
terminators and cycle sequencing with Taq FS DNA poly-
merase. DNA sequence was collected and analyzed on
an ABI prism 377 automated DNA sequencer (Applied
Biosystems, Foster City, CA).

p53 Expression

Automated immunohistochemical staining for p53 was
performed using the D07 mouse monoclonal antibody
and the percentage of p53-positive tumor cell nuclei was
determined as described previously.15 This antibody and
experimental technique have been shown to be highly
specific and predictive for p53 mutations in colon can-
cer.16 Immunostained slides were evaluated by one of
the authors (JAH) without knowledge of the respective
clinical parameters or the results of the other analyses in
this study. We defined overexpression of p53 as tumors
with 50% or more tumor cell nuclei staining positively with
the antibody.17 Paraffin blocks for this aspect of the study
were available on 274 individuals.

Logistic Regression Analysis

Unconditional logistic regression models were fit to esti-
mate the association between microsatellite instability
and Ki-ras mutation or p53 overexpression after adjusting
for age, sex, and tumor site. In these models, different
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indicators of microsatellite instability were used to predict
a dichotomous dependent variable of wild-type Ki-ras
versus mutated Ki-ras or p53-negative (,50% p53 nu-
clear staining) versus p53 overexpression. These data
are reported as the odds ratio and 95% confidence in-
terval for having microsatellite instability but lacking ei-
ther K-ras mutation or p53 overexpression.

Results

Instability results for the panel of 10 tetranucleotide re-
peats, the consensus panel, Bat 26 by itself, TGFbRII,
and instability with any coding mononucleotide repeat
are shown in Table 1. Overall instability rates were fairly
similar among the various measures, ranging from 10.1 to
13.8%. All measures showed more instability in proximal
tumors (19.5 to 23.9%) than distal tumors (1.4 to 4%);
these differences were all statistically significant (P ,
0.001, chi-square test). A representative example of in-
stability in a tetranucleotide repeat, dinucleotide repeat,
noncoding mononucleotide repeat (BAT-26), and a cod-
ing mononucleotide repeat (TGFbRII) from the same tu-
mor is shown in Figure 1.

Codon 12 or 13 K-ras gene mutations were identified in
155 of 467 (33.2%) tumors. The type and frequency of ras
gene mutations are detailed in Table 2. Ras gene muta-
tions were seen in a higher percentage of proximal
(42.5%, 94 of 221) than distal (22.1%, 46 of 208) tumors;
this difference was statistically significant (P , 0.001,
chi-square test). The relationship between ras gene mu-
tations and microsatellite instability (as determined by the
various measures of instability) is summarized in Table 3.
All measures of instability showed a higher percentage of
ras gene mutations in stable tumors (36 to 38.1%) than in
unstable tumors (4.7 to 11.8%); these differences were all
statistically significant (P , 0.001, chi-square test). A
logistic regression analysis revealed that the inverse as-
sociation of microsatellite instability with ras gene muta-
tions was independent of tumor site, age, and gender.
The strength of the inverse association comparing wild-
type K-ras to mutant K-ras for the various indicators of
instability was similar with odds ratios ranging from 8.3 to
20.0 (Table 4), and all were statistically significant (P ,
0.01).

p53 overexpression was identified in 141 of 274 tumors
(51.5%). An example of a tumor with p53 overexpression
is shown in Figure 2. p53 overexpression was present in
a higher percentage of distal (60.9%, 70 of 115) than
proximal (41.0%, 57 of 139) tumors, this difference was

statistically significant (P , 0.002, chi-square test). The
relationship between p53 overexpression and microsat-
ellite instability (as determined by the various measures
of instability) is summarized in Table 5. All measures of
instability showed a higher percentage of stable tumors
with p53 overexpression (54.3 to 57.2%) than unstable
tumors with p53 overexpression (9.1 to 26.3%); these
differences were all statistically significant (P , 0.001,
chi-square test). A logistic regression analysis revealed

Table 1. Microsatellite Instability (MI) as Determined by Various Measures of Instability

Instability measure Overall MI MI in proximal tumors MI in distal tumors P value*

10 tetranucleotides 13.8% (63/457) 23.9% (54/226) 4.0% (8/201) ,0.001
Consensus panel 12.5% (56/448) 22.6% (49/217) 2.5% (5/202) ,0.001
BAT-26 11.4% (53/466) 21.2% (47/222) 2.3% (5/213) ,0.001
TGFbRII 10.1% (47/466) 19.5% (44/226) 1.4% (3/210) ,0.001
Any coding mononucleotide 11.9% (57/481) 21.4% (49/229) 3.2% (7/220) ,0.001

*All P values based on chi-square test comparing the percentage of proximal tumors with microsatellite instability versus the percentage of distal
tumors with microsatellite instability.

Figure 1. Paired normal (N) and tumor (T) results for tumor 1144 demon-
strating microsatellite instability with a tetranucleotide repeat (UT2127), a
dinucleotide repeat (D5S346), a noncoding mononucleotide repeat (BAT-
26), and a coding mononucleotide repeat (TGFbRII). Size in bp is indicated
by the scale above each repeat result; signal amplitude is indicated by the
scales on the right. For TGFbRII, W indicates wild type and 21 and 22
indicate 1 and 2 bp deletions.
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that the inverse association of microsatellite instability
with p53 overexpression was independent of tumor site,
age, and gender. Odds ratios for the inverse association
comparing p53 negative (,50% nuclear staining) versus
p53 overexpression ranged from 2.8 to 12.9 (Table 4),
and all were statistically significant (P , 0.05).

Microsatellite instability in the coding mononucleotide
repeats is summarized in Table 6; all observed mutations
were frameshifts (addition of one base, deletion of one or
two bases). TGFbRII contained the most frequently mu-
tated coding repeat, with length alterations in this poly A
repeat in 10.1% (47 of 466) of tumors overall, followed by
BAX (6.1%), hMSH3 (5.2%), hMSH6 (2.7%), and IGFIIR
(2.3%). As seen in Table 6, all coding mononucleotide
repeats were more frequently mutated in unstable (as
judged by the Bethesda consensus panel) tumors than
stable tumors; these differences were all statistically sig-
nificant (P , 0.001, chi-square test). At least one coding
mononucleotide repeat mutation was seen in 85.7% (48
of 56) of unstable tumors but in only 1.0% (4 of 392) of
stable tumors; this difference was also statistically signif-
icant (P , 0.001, chi-square test).

Table 7 shows a comparison of the panel of 10 tet-
ranucleotide repeats with the other measures of instability.
Microsatellite instability as determined by the 10 tetranucle-
otide repeats was significantly related to microsatellite in-
stability as determined by the consensus panel, BAT-26,
TGFbRII, or instability in any coding mononucleotide repeat
(P , 0.001, chi-square test). Table 8 shows a comparison of

the consensus panel with BAT-26 by itself. There are very
few tumors in which either BAT-26 or the consensus panel
alone is unstable, and there is a significant relationship
between these two measures of microsatellite instability
(P , 0.001, chi-square test).

Discussion

This study shows highly statistically significant inverse
relationships between microsatellite instability and K-ras
gene mutations and p53 overexpression in colon can-
cers. K-ras mutations were identified in 33.2% of tumors.
This is consistent with previous studies that, with rare
exceptions,18 have identified K-ras mutations in ;30 to
40% of colon cancers.19–28 Overexpression of p53 has
been used by many studies as an indicator of p53 muta-
tional status. Although some29,30 have questioned the
validity of this practice, others16 have shown that the
antibody, experimental technique, and high threshold for
positivity used by us in this study lead to immunohisto-
chemical results that do correlate well with p53 mutational
status, at least in colorectal tumors. We therefore con-
clude that our results also suggest an inverse relationship
between microsatellite instability and p53 mutations. It
should be noted, however, that a lack of concordance
between p53 mutations and overexpression would not
invalidate our highly statistically significant results with
overexpression, and that, regardless of the underlying
mechanism, overexpression may still be useful in identi-
fying different pathways to colon cancer.

As this (Table 1) and other studies2 have shown, mic-
rosatellite instability is also highly correlated with tumor
site, as it is much more commonly seen in proximal
tumors than distal tumors. It could be argued, then, that
the relative lack of ras gene mutations and p53 overex-

Table 2. Type and Frequency of ras Gene Mutations

Base pair
change*

Amino acid
change†

Percentage of
ras mutations

2G to A Gly12toAsp 34.8
5G to A Gly13toAsp 23.2
2G to T Gly12to Val 19.4
1G to T Gly12toCys 10.3
1G to A Gly12to Ser 4.5
2G to A (H)‡ Gly12toAsp 1.3
2G to C (H) Gly12to Ala 1.3
2G to T (H) Gly12to Val 1.3
1G to C Gly12to Arg 0.6
2G to C Gly12to Ala 0.6
1G to A (H) Gly12to Ser 0.6
1G to T (H) Gly12toCys 0.6
5G to A (H) Gly13toAsp 0.6
1 and 5G to A Gly12to Ser 0.6

Gly13toAsp

*1G and 2G are first two bases of codon 12, 5G is second base of
codon 13.

†Changed codon (12 or 13) indicated by superscript.
‡H indicates homozygous mutation.

Table 3. Comparison of K-ras Gene Mutations with Microsatellite Instability

Instability measure ras Mutations in stable tumors ras Mutations in unstable tumors P value*

10 tetranucleotides 38.1% (143/375) 10.2% (6/59) ,0.001
Consensus panel 36.4% (136/374) 11.8% (6/51) ,0.001
BAT-26 36.8% (144/391) 8.3% (4/48) ,0.001
TGFbRII 36.0% (143/397) 4.7% (2/43) ,0.001
Any coding mononucleotide 36.2% (145/401) 9.8% (5/51) ,0.001

*All P values based on chi-square test comparing the percentage of stable tumors with ras gene mutations versus the percentage of unstable
tumors with ras gene mutations.

Table 4. Logistic Regression Analyses of Inverse
Relationship between Microsatellite Instability and
K-ras Mutations and p53 Overexpression

Ki-ras OR*
(95% CI)

p53 OR
(95% CI)

10 tetranucleotides 9.1 (3.4–20.0) 2.8 (1.2–6.2)
Consensus panel 9.1 (3.3–25.0) 4.5 (1.8–11.5)
Bat-26 11.1 (3.7–33.3) 8.2 (2.6–25.5)
TGFbRII 20.0 (4.6–100) 9.2 (2.6–33.1)
Any coding

mononucleotide
8.3 (3.1–20) 12.9 (3.6–45.5)

*OR is odds ratio of the absence of an alteration in K-ras or p53 in
tumors with microsatellite instability; CI is confidence interval.
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pression in unstable tumors could have been because of
the proximal site of these tumors rather than their insta-
bility. This is less of a concern with ras gene mutations, as
in our study such mutations were actually more common
in proximal tumors. p53 overexpression in our study was

more common in distal tumors, however, and a previous
study31 suggested that microsatellite instability was not
an independent predictor of p53 mutational status if tu-
mor location was considered. Our logistic regression
analyses, however, indicate that the inverse relationships

Figure 2. Colon cancer with p53 overexpression. Immunostaining for p53 reveals abundant nuclear staining in the submucosal tumor and no staining in the
overlying normal mucosa.

Table 5. Comparison of p53 Overexpression with Microsatellite Instability

Instability measure
p53 Overexpression

in stable tumors
p53 Overexpression
in unstable tumors P value*

10 tetranucleotides 54.3% (120/221) 26.3% (10/38) ,0.001
Consensus panel 55.7% (122/219) 20.0% (7/35) ,0.001
BAT-26 56.5% (130/230) 12.1% (4/33) ,0.001
TGFbRII 55.7% (132/237) 11.1% (3/27) ,0.001
Any coding mononucleotide 57.2% (135/236) 9.1% (3/33) ,0.001

*All P values based on chi-square test comparing the percentage of stable tumors with p53 overexpression versus the percentage of unstable
tumors with p53 overexpression.

Table 6. Type and Frequency of Coding Mononucleotide Repeat Instability

Coding
mononucleotide

Changes in
repeat length

Overall mutation
frequency

Mutations in
unstable tumors*

Mutations in
stable tumors* P value†

TGFbRII 11,21,22 10.1% (47/466) 74.5% (41/55) 0.3% (1/383) ,.001
BAX 11, 21 6.1% (23/375) 39.6% (19/48) 0.3% (1/309) ,.001
hMSH3 11,21,22 5.2% (21/401) 39.6% (19/48) 0.0% (0/329) ,.001
hMSH6 11, 21 2.7% (13/473) 16.4% (9/55) 0.5% (2/390) ,.001
IGFIIR 11, 21 2.3% (9/396) 19.1% (9/47) 0.0% (0/327) ,.001

*Unstable and stable as defined by the Bethesda consensus panel.
†All P values based on chi-square test comparing the percentage of stable tumors with the respective mononucleotide repeat mutation versus the

percentage of unstable tumors with that mutation.
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between microsatellite instability and ras gene mutations
and p53 overexpression are independent of tumor site
(Table 4).

The inverse relationship between microsatellite insta-
bility and ras mutations and p53 overexpression was also
independent of the type of microsatellite used for insta-
bility analysis. The inverse relationship was seen with a
panel of 10 tetranucleotide repeats, the Bethesda con-
sensus panel (a mixture of dinucleotide and mononucle-
otide repeats), the mononucleotide BAT-26 by itself, the
coding mononucleotide in TGFbRII, and with instability in
any of five coding mononucleotide repeats (Tables 3 and
5). The relative lack of ras gene mutations and p53 over-
expression in unstable tumors thus seems to be a general
characteristic of such tumors and is not limited to a
subset with instability in a certain type of microsatellite.
The inverse relationship with K-ras and p53 alterations
was not seen in tumors with low levels (,30%) of insta-
bility (as defined by the Bethesda consensus panel, data
not shown), consistent with a previous study of ours
linking cigarette smoking to only high levels of microsat-
ellite instability.32

Although some previous studies have shown an in-
verse relationship between microsatellite instability and
ras and p53 mutations, others have not.1 This discrep-
ancy is probably not because of the use of different types
of microsatellites for instability analysis in the various
studies, as we have shown (Tables 3 and 5) that the
inverse relationship can be seen with mononucleotide

(coding and noncoding), dinucleotide, and tetranucle-
otide repeats. It is possible that different populations of
individuals were studied, and, indeed, the situation may
be different for tumors from individuals with hereditary
nonpolyposis colon cancer.33 Our population-based
study would be predicted to consist mostly of individuals
with sporadic tumors, especially since previous esti-
mates of hereditary nonpolyposis colon cancer at the
population level were inflated by the inclusion of founder
mutations peculiar to Finland.8,34,35 Indeed, subsequent
germline analysis of individuals with unstable tumors from
the current study have identified only two with hereditary
nonpolyposis colon cancer (data not shown).

The most likely explanation for the failure of some
previous studies to identify relationships between insta-
bility and alterations in ras and p53 is that many of the
studies were of relatively small numbers of tumors and
thus lacked sufficient power to demonstrate a statistically
significant inverse relationship. Indeed, many of these
studies did show relatively less ras and p53 mutations in
unstable tumors, but the difference did not always reach
statistical significance. Statistically significant results
were seen in two studies of microsatellite instability and
ras gene mutations31,36 and in six studies of instability
and p53 alterations.1,31,36–39 Some of the studies with
significant and nonsignificant results dealt with the pos-
sibly confounding variable of tumor site by considering
only proximal tumors.1,40–42 The only previous study to
use a multivariate analysis found that the inverse relation-
ship between microsatellite instability and ras gene mu-
tations was independent of tumor site, but that the inverse
relationship between instability and p53 mutations was
not.31 Our study represents the largest number of tumors
analyzed in these ways to date and is the first to demon-
strate statistically significant inverse relationships be-
tween microsatellite instability and alterations in both ras
and p53 that are independent of tumor site in a logistic
regression analysis.

In agreement with other studies,6,13 TGFbRII contained
the most frequently mutated coding repeat, and instabil-
ity in all five coding repeats was significantly more com-
mon in unstable tumors than in stable tumors (Table 6). A
mutation in at least one coding repeat was significantly
more common in unstable tumors than stable tumors
(85.7% versus 1.0%). The molecular profile of colon can-
cers with microsatellite instability is therefore character-
ized by relatively infrequent ras and p53 mutations and
relatively frequent mutations in coding mononucleotide
repeats.

The various measures of microsatellite instability
showed very similar results in our study (Tables 1, 3, 4,
and 5) and were highly correlated with one another (Ta-
ble 7 and 8). A previous study11 suggested that tet-
ranucleotide repeat instability may not be a good indica-
tor of generalized instability, but our panel of 10
tetranucleotide repeats was highly correlated with the
Bethesda consensus panel of mononucleotide and dinu-
cleotide repeats as well as with BAT-26, a mononucle-
otide repeat that is highly correlated with generalized
dinucleotide repeat instability.12 Our current study does
not indicate which is the best panel of microsatellites for

Table 7. Comparison of Panel of 10 Tetranucleotide
Repeats with other Measure of Instability

Panel of 10
tetranucleotide

repeats*

Stable Unstable P value

Consensus panel
Stable 369 2
Unstable 5 51 ,0.001

BAT-26
Stable 383 9
Unstable 4 49 ,0.001

TGFbRII
Stable 382 16
Unstable 3 44 ,0.001

Any coding mononucleotide
Stable 384 13
Unstable 8 49 ,0.001

*P values are based on chi-square tests comparing microsatellite
instability as determined by the panel of 10 tetranucleotide repeats with
microsatellite instability determined by the other measures of instability.

Table 8. Comparison of BAT-26 (by Itself) with the
Consensus Panel

Consensus panel

BAT-26

Stable Unstable P value*

Stable 385 1
Unstable 5 51 ,0.001

*P value based on a chi-square test comparing microsatellite
instability as determined by BAT-26 by itself versus instability
determined by the consensus panel.
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instability analysis. The choice of such a panel may de-
pend on several factors, including cost, time, and the
purpose of a study. For example, if a fast and relatively
inexpensive study of microsatellite instability alone is de-
sired, it is hard to argue against using BAT-26 (as long as
it is compared to results with germline DNA)10,43 by itself,
as some investigators may decide that information
gained (if any) by using the other four microsatellites in
the Bethesda panel does not justify the added expense
and time. If the purpose of a study is to evaluate loss of
heterozygosity as well as microsatellite instability, then a
panel of repeats from the chromosomal location(s) of
interest may be more appropriate.

In conclusion, we observed significant inverse relation-
ships between microsatellite instability and alterations in
K-ras and p53. These inverse relationships were indepen-
dent of tumor site and the type of microsatellite (mono-,
di-, or tetranucleotide repeat) used for instability analysis.
In addition, coding mononucleotide repeat mutations
were significantly more common in unstable tumors than
stable tumors. The molecular profile of colon cancers with
microsatellite instability is therefore characterized by rel-
atively infrequent mutations in K-ras and p53 and rela-
tively frequent mutations in coding mononucleotide re-
peats. These different profiles of stable and unstable
tumors most likely reflect different molecular pathways to
sporadic colon cancer: the microsatellite stable (but
chromosomally unstable)44 pathway, probably initiated
by APC mutations,45 and the microsatellite instability
pathway, in which early b-catenin mutations are some-
times seen but in which the initiating event in most tumors
is unknown.46 These different molecular pathways and/or
the specific genetic changes we report may in turn reflect
different carcinogenic influences, such as diet or tobac-
co32 and alcohol use. Future studies that stratify colon
cancers on the basis of these genetic changes may
identify factors that contribute to one pathway or the
other, relationships that might be obscured if the genetic
heterogeneity of colon cancer is not taken into account.
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