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DNA microsatellite instability in hyperplastic
polyps, serrated adenomas, and mixed polyps: a
mild mutator pathway for colorectal cancer?

H Iino, J R Jass, L A Simms, J Young, B Leggett, Y Ajioka, H Watanabe

Abstract
Aim—To investigate the distribution of
DNA microsatellite instability (MSI) in a
series of hyperplastic polyps, serrated
adenomas, and mixed polyps of the color-
ectum.
Methods—DNA was extracted from sam-
ples of 73 colorectal polyps comprising
tubular adenomas (23), hyperplastic pol-
yps (21), serrated adenomas (17), and
mixed polyps (12). The presence of MSI
was investigated at six loci: MYCL,
D2S123, F13B, BAT-40, BAT-26, and
c-myb T22, using polymerase chain reac-
tion based methodology. MSI cases were
classified as MSI-Low (MSI-L) and MSI-
High (MSI-H), based on the number of
aVected loci.
Results—The frequency of MSI increased
in tubular adenomas (13%), hyperplastic
polyps (29%), serrated adenomas (53%),
and mixed polyps (83%) (Wilcoxon rank
sum statistic, p < 0.001). Hyperplastic
epithelium was present in nine of 12 mixed
polyps and showed MSI in eight of these.
MSI was mostly MSI-L. MSI-H occurred
in two serrated adenomas and three mixed
polyps. Clonal relations were demon-
strated between hyperplastic and dysplas-
tic epithelium in four of eight informative
mixed polyps.
Conclusions—The findings support the
view that hyperplastic polyps may be fun-
damentally neoplastic rather than hyper-
plastic. A proportion of hyperplastic
polyps may serve as a precursor of a sub-
set (10%) of colorectal cancers showing
the MSI-L phenotype, albeit through the
intermediate step of serrated dysplasia.
This represents a novel and distinct
morphogenetic pathway for colorectal
cancer.
(J Clin Pathol 1999;52:5–9)
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The adenoma-carcinoma sequence has been
widely accepted as the evolutionary paradigm
for colorectal cancer, and the concept has been
bolstered by the recognition of molecular

counterparts to the stepwise process.1

Nevertheless, it is clear that more than one
morphogenetic pathway exists. For example,
adenomas may be tubular or villous, flat or
polypoid. K-ras mutations occur with reduced
frequency in flat adenomas, a subtype believed
to follow a more aggressive course.2 3 A more
recently recognised subtype is the serrated
adenoma. This combines the saw tooth or ser-
rated configuration of the hyperplastic (meta-
plastic) polyp with adenomatous changes:
hyperchromatism, enlargement, elongation,
and pseudostratification of nuclei; deeply eosi-
nophilic or amphophilic cytoplasm; expanded
proliferative zone; dilated or horizontal crypts;
and loss of mucin production.4 5 Serrated
adenomas may, like their non-serrated counter-
parts, be flat or polypoid, tubular or villous.6

They have a significant malignant potential; in
one series 11% contained foci of early
carcinoma.4 Overexpression and mutation of
p53 have been demonstrated in serrated
adenomas, confirming their neoplastic nature7;
p53 changes were limited to foci of high grade
dysplasia or intramucosal carcinoma.7

An area of persisting controversy relates to the
relation between hyperplastic polyps and ser-
rated adenomas. Since hyperplastic polyps have
traditionally been regarded as non-neoplastic,
whereas serrated adenomas are neoplastic, any
morphological similarities have been regarded
by some as fortuitous.4 Hyperplastic polyposis
has long been known to be associated with
colorectal cancer, and the large serrated polyps
associated with this condition have recently been
equated with serrated adenomas.5 This shows
that the morphological similarity of the two
types of epithelial polyp is suYciently marked to
lead to diagnostic confusion. In addition ser-
rated adenomas often occur in contiguity with
typical hyperplastic polyps.8 There is now
evidence suggesting that hyperplastic polyps are
a form of neoplasm, because they show clonal
genetic changes including K-ras mutations,9

DNA microsatellite instability,10–13 mutation of
TGFâRII,12 and rearrangements of chromo-
some 1p.13 14 The view that hyperplastic polyps
are non-neoplastic may need to be revised, with
a reappraisal of their relation with serrated
adenomas.
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The aim of this study was to examine the
distribution of DNA microsatellite instability
(MSI) in a series of hyperplastic polyps and
serrated adenomas, including mixed lesions,
and to determine whether these polyps might
be placed in a histogenetic continuum.

Methods
COLORECTAL POLYPS AND HISTOPATHOLOGY

The material included 73 colorectal polyps
comprising tubular adenomas (23), hyperplas-
tic polyps (21), serrated adenomas (17), and
mixed polyps (12). These were removed endo-
scopically or obtained from surgically resected
specimens from 65 patients treated at Niigata
University Hospital, Niigata, Japan and Royal
Brisbane Hospital, Brisbane, Australia. The
patients had no history of familial colorectal
cancer. Fifty polyp samples were obtained from
formalin fixed, paraYn embedded archival
material. Serial sections were cut from each
paraYn block, and the first of these was stained
with haematoxylin and eosin (H&E) for
histopathological diagnosis and as a template
for microdissection. Another 23 polyps, all of
which were tubular adenomas, were obtained
as fresh samples. Half of each bisected polyp
was placed in liquid nitrogen after resection for
subsequent DNA analysis. The remaining half
was submitted for histological diagnosis. Histo-
logical review was made by one of us (JRJ)
before DNA analysis. Precise criteria for grad-
ing serrated adenomas have not been
published4 but the polyps fell within the
traditional boundaries of low grade dysplasia,
apart from three mixed polyps with foci of high
grade dysplasia (carcinoma in situ).

DNA EXTRACTION

DNA was extracted from tissue samples using
a modified method of Levi et al.15 Using an
H&E stained serial section as a guide, represen-
tative areas of pure lesion or normal mucosa
were gently scraped from one or two slides by a
surgical blade under a dissecting microscope.
Microdissection was performed with particular
care in mixed polyps to prevent contamination

of one subclone by another. Dissected tissues
were placed in a 0.5 ml microfuge tube with
350 µl of 20% xylene and deparaYnised with
xylene and ethanol. After centrifugation and
drying, the pellet was resuspended in 15 µl of
Gene Releaser (Bio Ventures Inc). The mixture
was then subjected to the following programme
on a Perkin-Elmer thermal cycler: two cycles of
65°C for 0.5 min, 8°C for 0.5 min, 65°C for 1.5
min, 97°C for 3.0 min, 8°C for 1.0 min, 65°C
for 3.0 min, 97°C for 1.0 min, and 65°C for 1.0
min. After adding 15 µl of proteinase K (0.4
mg/ml), the mixture was incubated at 55°C for
five hours and then at 95°C for 15 minutes to
inactivate the proteinase K. For fresh frozen
samples, DNA was extracted as previously
described.16

ANALYSIS OF MICROSATELLITE INSTABILITY

DNA from each pair of samples was analysed
for MSI at six loci: MYCL, D2S123, F13B,17

BAT-40, BAT-26,18 and c-myb T22 (unpub-
lished data). The reaction volume for PCR was
15 µl, which included 3 µl of the DNA sample,
15 nM of each primer, 3 mM of each deoxynu-
cleotide triphosphate, 1 µl of PCR buVer, 3.75
U of Taq polymerase (Boehringer Mannheim),
and [33P]dATP. The PCR reaction was run as
follows: one cycle of 92°C for three minutes,
95°C for three minutes, 55°C for 90 seconds,
33 cycles of 92°C for 45 seconds, 55°C for 90
seconds, 72°C for 90 seconds, and one cycle of
92°C for 45 seconds, 55°C for 90 seconds, and
72°C for five minutes. After amplification,
PCR products were separated by electrophore-
sis in 5% denaturing polyacrylamide (19:1)
gels and visualised by autoradiography. Sam-
ples which failed to amplify underwent several
rounds of random hexamer PCR according to
the method described by Peng et al19 before
amplification with the test marker.

Tumours with bandshifts at one microsatel-
lite locus were classified as MSI. These were
subclassified as MSI-Low (MSI-L) when band
shifts were seen at one or two of the following
loci: MYCL, D2S123, F13B, and BAT-40; and
as MSI-High (MSI-H) when either three loci

Figure 1 Mixed polyp (A) with magnified fields of hyperplastic epithelium (B) (lower box in 1A) and serrated adenoma
with mild dysplasia (C) (upper box in 1A). Haematoxylin and eosin.
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were aVected or only two, with the proviso that
one of these loci was either BAT-26 or c-myb
T22. The latter are sensitive and specific for
MSI-H status (unpublished observations).
Scoring of MSI was undertaken independently
by two of us (HI, JY)

STATISTICAL ANALYSIS

Associations between variables and MSI were
assessed by ÷2, Fisher’s exact test, or Wilcoxon
rank sum statistic using a Statxact package.
Probability (p) values of < 0.05 were consid-
ered significant.

Results
Histopathological review confirmed the diag-
nosis of 23 tubular adenomas, 21 hyperplastic
polyps, and 17 serrated adenomas with homo-
geneous histology. The 12 mixed polyps
showed various components of hyperplastic
polyp, serrated adenoma, tubular adenoma, or
severe dysplasia amounting to carcinoma in
situ (fig 1; table 1). DNA was extracted from
the epithelial types as follows: 30 hyperplastic,
29 serrated adenoma, 25 tubular adenoma, and
three foci of severe dysplasia/carcinoma in situ.

Table 2 shows the frequency of microsatellite
instability. The status of MSI in each mixed
polyp was determined by the epithelial type
(excluding adenocarcinoma) which showed
MSI at the highest number of loci. Six of 21
hyperplastic polyps (29%), nine of 17 serrated
adenomas (53%), and 10 of 12 mixed polyps
(83%) showed MSI at one or more loci,
whereas only three of 23 tubular adenomas
(13%) showed MSI. This distributional trend
was significant (Wilcoxon rank sum statistic,
p < 0.001). Two of 17 serrated adenomas
(11.7%) and three of 12 mixed polyps (25%)
were MSI-H, whereas all tubular adenomas
and hyperplastic polyps showing MSI were
MSI-L.

In the 12 mixed polyps, two or three epithe-
lial types were identified histologically as
shown in table 1. Microdissection allowed each
area to be tested separately for MSI (table 3).
Eight of nine samples of hyperplastic epithe-

lium derived from mixed polyps showed MSI,
and two were MSI-H. Of the eight mixed pol-
yps containing MSI hyperplastic epithelium,
the same mutation was observed within the
contiguous neoplastic subclone (serrated or
non-serrated adenoma or focus of carcinoma in
situ) in four cases (fig 2). In two of these, addi-
tional bandshifts were observed in the more
advanced subclone that were not evident in the
hyperplastic epithelium (fig 3). Of the three
cases of MSI-H mixed polyps, one comprised
hyperplastic epithelium, serrated adenoma,
and severe dysplasia amounting to carcinoma
in situ (with a small focus of invasive cancer),
one comprised hyperplastic epithelium, ser-
rated adenoma, and tubular adenoma, and the

Table 1 Classification of
epithelial polyps

Pure polyps 61
TA 23
HP 21
SA 17

Mixed polyps 12
SA+TA 1
SA+CIS 2
HP+SA 7
HP+SA+TA 1
HP+SA+CIS 1

Pure polyps, showed
homogeneous histology;
Mixed polyps, showed
heterogeneous histological
features: CIS, carcinoma in
situ; HP, hyperplastic polyp;
SA, serrated adenoma; TA,
tubular adenoma.

Table 2 Microsatellite instability in colorectal polyps

Total MSS MSI-L MSI-H p Value*

Tubular adenoma 23 20 (87.0) 3 (13.0) 0 (0)
Hyperplastic polyp 21 15 (71.4) 6 (28.6) 0 (0)
Serrated adenoma 17 8 (47.1) 7 (41.2) 2 (11.7)
Mixed polyp 12 2 (16.7) 7 (58.3) 3 (25.0) 0.001

MSS (microsatellite stable), no microsatellite instability at six markers; MSI-L, microsatellite
instability was seen at one or two loci of MYCL, D2S123, F13B, or BAT-40; MSI-H,
microsatellite instability was positive at three loci of MYCL, D2S123, F13B, or BAT-40 or at
two loci providing one was BAT-26 or c-myb.
*÷2 test. Numbers in parentheses are percentages.

Table 3 Microsatellite instability in mixed polyps

Total MSS MSI-L MSI-H

Tubular adenoma 2 0 (0) 0 (0) 2 (100)
Hyperplastic epithelium 9 1 (11.1) 6 (66.7) 2 (22.2)
Serrated adenoma 12 5 (41.7) 6 (50.0) 1 (8.3)
Carcinoma in situ 3 1 (33.3) 0 (0) 2 (66.6)

MSS (microsatellite stable), no microsatellite instability at six markers; MSI-L, microsatellite
instability was seen at one or two loci of MYCL, D2S123, F13B, or BAT-40; MSI-H,
microsatellite instability was positive at three loci of MYCL, D2S123, F13B, or BAT-40 or at
two loci providing one was BAT-26 or c-myb.
Numbers in parentheses are percentages.

Figure 2 Identical (clonally related) bandshifts are seen
for hyperplastic epithelium (HP) and serrated adenoma
(SA) at the locus D2S123. DNA was derived from the
areas shown in fig 1. N, normal DNA obtained from the
stalk.

Figure 3 Progressive accumulation of mutations
(bandshifts) at the locus MYCL indicative of a stepwise
progression from normal to hyperplastic polyp (HP) to
serrated adenoma (SA) to carcinoma in situ (CIS).

DNA microsatellite instability in colonic neoplasma 7
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third comprised serrated adenoma and tubular
adenoma. Two mixed polyps showed loss of
heterozygosity at D2S123 within both hyper-
plastic epithelium and adjacent adenomatous
epithelium. Of the six microsatellite loci tested,
19 of 28 MSI polyps (67.9%) showed band-
shifts at MYCL and 12 of 28 (42.9%) at
D2S123 (table 4). These loci were particularly
sensitive for the MSI-L phenotype. MSI within
hyperplastic polyps showed no significant rela-
tion with age, site, size, or morphology (flat v
polypoid), but was more common in females
(5) than in males (1) (p = 0.0001). Pooling
serrated adenomas and mixed polyps, MSI was
more common in right sided polyps
(p = 0.019), subjects aged over 60 years
(p = 0.044), and possibly in females
(p = 0.063).

Discussion
Between 13% and 20% of sporadic colorectal
cancers show DNA microsatellite
instability.20–24 The data relating to sporadic
colorectal adenomas are less clear cut. One
study showed MSI to be uncommon except in
adenomas harbouring foci of severe dysplasia
amounting to carcinoma in situ.25 By contrast,
a recent study showed MSI in 20 of 73
colorectal adenomas (27%).26 Furthermore,
that study employed the markers BAT-26 and
BAT-40 which are relatively specific for
MSI-H. The majority of the adenomas were
derived from the proximal colon and 13 of 20
that were MSI-H contained high grade dyspla-
sia (5) or were adjacent to adenocarcinoma
(8).26 A higher frequency of MSI-H has been
recorded in adenomas from subjects with
hereditary non-polyposis colorectal cancer
(HNPCC).27–29 In the present study three of 23
tubular adenomas (13%) were MSI-L and
none was MSI-H. On the other hand a
relatively high percentage of hyperplastic pol-
yps (28.6%) and serrated adenomas (41.2%)
were MSI-L. The frequency of MSI-L was
even higher (66.7%) in the hyperplastic epithe-
lium of mixed polyps. The relation with age
and MSI is not surprising since most polyps
were MSI-L. Only MSI-H neoplasms would be
expected to occur at a young age, for example
in those with HNPCC.27

D2S123 and MYCL were particularly sensi-
tive for the MSI-L phenotype, a finding that fits
with data relating to colorectal cancer.23 30 The
division of MSI colorectal cancer into MSI-L
and MSI-H is of fundamental importance and
this is now widely acknowledged.23 30–32 How-
ever, little is known of the molecular or
morphological pathogenesis of the MSI-L sub-
set which represents about 10% of all colorec-

tal cancers. Nevertheless, our demonstration of
the MSI-L phenotype within a high proportion
of hyperplastic polyps and serrated adenomas
raises the possibility of a histogenetic relation
with MSI-L cancers.

The mixed polyps were especially instructive
in this study. The existence of clonal relations
between hyperplastic and overtly neoplastic
epithelium in four of eight informative cases
provides strong evidence that the separate epi-
thelial components comprising mixed polyps
are not merely collisions but represent a
stepwise continuum. The findings indicate that
hyperplastic polyps are not only clonal, but
have potential for neoplastic progression even if
the realisation of this potential is the exception
and not the rule for an individual polyp. Failure
to show clonal relations in four mixed polyps
could be explained either by collision of
independent lesions or diverging molecular
evolution.29

We do not believe that the findings are
explained by inadvertent contamination of the
hyperplastic epithelium with DNA originating
from the frankly neoplastic subclones. Apart
from the fact that microdissection was per-
formed with meticulous care, MSI was ob-
served in 29% of pure hyperplastic polyps.
Furthermore, in two of eight MSI mixed
polyps, additional bandshifts were seen in the
more advanced subclones imparting a unique
DNA fingerprint (fig 3). The absence of these
additional bandshifts within the contiguous
hyperplastic epithelium serves as evidence of
non-contamination. We interpret the progres-
sive accumulation of bandshifts as an epiphe-
nomenon accompanying multistep progression
rather than as driving the process, since the loci
involved are non-encoding. Nevertheless, the
loci MYCL and D2S123 may serve not only as
sensitive markers for the MSI-L phenotype,30

but also as molecular indicators of hyperplastic
polyps that are more likely to progress.

Hyperplastic polyps are normally limited to
the sigmoid colon and rectum. Factors predis-
posing to right sided hyperplastic polyps are
the condition hyperplastic polyposis33 and
female gender.34 Interestingly, in this study
hyperplastic polyps, serrated adenomas, and
mixed polyps were more likely to show MSI in
females. Furthermore, MSI polyps that were
either mixed or adenomatous were more com-
mon in the proximal colon. In a report of a
family with hyperplastic polyposis, four af-
fected subjects developed proximal cancers,
and the lesions from one of these patients
included a hyperplastic polyp and two synchro-
nous cancers with the MSI-L phenotype.10

MSI-H cancers (sporadic or in HNPCC) show

Table 4 Frequency of microsatellite instability (MSI) for each locus

No of MSI
samples MYCL D2S123 F13B BAT-40 BAT-26 c-myb

Tubular adenoma 3 3 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Hyperplastic polyp 6 5 (83.3) 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0)
Serrated adenoma 9 5 (55.6) 4 (44.4) 1 (11.1) 0 (0) 1 (11.1) 0 (0)
Mixed polyp* 10 6 (60.0) 7 (70.0) 1 (10.0) 3 (30.0) 0 (0) 2 (20.0)
Total 28 19 (67.9) 12 (42.9) 2 (7.1) 3 (10.7) 1 (3.6) 2 (7.1)

Numbers in parentheses are percentages.
*The status of MSI in mixed polyps is provided for the most unstable epithelial component (excluding carcinoma in situ).
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a predilection for proximal colon. Conceivably,
some of these may arise from serrated lesions
that were initially MSI-L. An early HNPCC
cancer has been observed in contiguity with a
serrated adenoma in a subject with coinciden-
tal hyperplastic polyposis.11 Adding these
earlier findings to the present study, it is appar-
ent that there is a link between hyperplastic
polyps and serrated neoplasia. This sequence is
likely to be driven by the mutator phenomenon
and to implicate the proximal colon, particu-
larly in females.

In conclusion, the MSI-L phenotype was
found in a high proportion of hyperplastic pol-
yps and serrated adenomas. We have suggested
that MSL-L hyperplastic polyps may serve as
precursors of the subset (10%) of colorectal
cancers showing the MSI-L phenotype, albeit
through the intermediate step of serrated
dysplasia. This would be a novel and important
morphogenetic pathway for colorectal cancer
that diVers from the classical “mutator” or
MSI-H pathway as well as the “suppressor” or
microsatellite stable pathway. A smaller pro-
portion of serrated polyps, particularly right
sided lesions, may develop the MSI-H pheno-
type and progress to MSI-H cancers, both spo-
radic and in association with HNPCC. How-
ever, the majority of MSI-H cancers would not
be expected to arise through such a pathway,
since the classical adenoma-carcinoma se-
quence has been well documented in sporadic
MSI-H cancers26 and in HNPCC.35 Finally,
although some hyperplastic polyps show neo-
plastic features at the molecular level, an indi-
vidual lesion must have very little potential for
malignant change. In terms of both their usual
location on the crests of mucosal folds and
their architecture, hyperplastic polyps appear
to arise in part through the mechanism of
mucosal prolapse. Clinical concern regarding
neoplastic progression should continue to be
limited to the condition hyperplastic or ser-
rated adenomatous polyposis.4 5 10 The terms
“hyperplastic” and the older term “metaplas-
tic” are no longer valid and we therefore
suggest that hyperplastic polyps be renamed as
serrated polyps since this describes their
unique morphology and avoids terms with
aggressive clinical connotations that would be
unwarranted.

We thank Brenda Mason for typing the manuscript and Lynne
Reid for photographic assistance.
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