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To clarify the significance of hMLH1 promoter hypermethylation in the development of medullary-type poorly
differentiated colorectal adenocarcinoma, we studied the status of promoter methylation and hMLH1
expression in 23 medullary-type and 12 pleomorphic-type carcinomas, as well as the pathology and
microsatellite status. In medullary-type carcinomas, the percentages of cases with promoter methylation
(83%) and an absence of hMLH1 expression (91%) were significantly higher than in pleomorphic-type
carcinomas (14 and 17%), respectively. The rate of microsatellite instability in the medullary type was
significantly higher than that of the pleomorphic type (87 vs 40%, Po0.01). Compared with pleomorphic-type
carcinomas, medullary-type carcinomas were significantly associated with hMLH1 promoter methylation,
absent expression of hMLH1 protein, microsatellite instability, as well as a proximal location, a Crohn’s-like
lymphoid reaction, a low incidence of lymph node metastasis, and a favorable outcome. Medullary-type
carcinomas accumulated with advancing age, especially in the female. These results indicated that hMLH1
hypermethylation, concurrent with a lack of its protein expression, may play an important role in the
development of medullary-type poorly differentiated colorectal adenocarcinomas in the elderly.
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In the large intestine, adenocarcinoma composed of
cuboidal epithelial cells showing minimal or no
glandular differentiation is defined as a poorly
differentiated adenocarcinoma.1–3 Poorly differen-
tiated lesions are heterogeneous with respect to their
clinicopathologic and molecular features.4–8 A pe-
culiar type of poorly differentiated colorectal ade-
nocarcinoma has been recently recognized and
termed either medullary-type poorly differentiated
adenocarcinoma,4,6,9,10 solid-type poorly differen-
tiated adenocarcinoma,5 or large cell minimally
differentiated carcinoma.11 Histologically, the tumor
is characterized by a small uniform population of

tumor cells with fine chromatin and prominent
nucleoli. The tumor cells grow in solid sheets and
trabeculae, often associated with a prominent
intratumoral and/or peritumoral lymphocytic infil-
tration. The main clinicopathologic features of the
tumor are its predominant occurrence in elderly
women, a location of the proximal colon, and a
relatively favorable prognosis in spite of the high-
grade histological features.4,6,10 Furthermore, recent
molecular studies demonstrate that medullary-type
carcinomas show a diploid DNA pattern, a high
frequency of microsatellite instability, and low p53
expression.4,10

Cancers with high levels of microsatellite instabil-
ity are the hallmark of hereditary nonpolyposis
colorectal cancer, and microsatellite instability occurs
in 10–15% of sporadic colorectal carcinomas. Colo-
rectal adenocarcinomas with microsatellite instability
often show an absence of hMLH1 protein,12–14

indicating that the tumor with microsatellite
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instability may be induced by an abnormality of the
mismatch repair gene. A germline mutation has
been detected in the mismatch repair gene in
patients with hereditary nonpolyposis colorectal
cancer, and hypermethylation has been found in
the hMLH1 gene promoter in sporadic colorectal
cancer.13 The spread of methylation in the hMLH1
promoter is closely associated with age and the
development of sporadic colorectal cancers with
microsatellite instability.15

Mucinous or poor differentiation and stromal
inflammatory reactions are frequent features of
hereditary nonpolyposis colorectal cancer in which
germline mutations of mismatch repair genes cause
genetic instability. A link exists between such
histological features and somatic genetic instability,
consistent with a mutator phenotype, in nonfamilial
colorectal cancer.16 However, there are few reports
investigating a relationship between medullary-type
poorly differentiated adenocarcinoma and methyla-
tion of the hMLH1 promoter. In the present study,
we focused on investigating this possible relation-
ship and examined 35 cases of poorly differentiated
adenocarcinomas, including 23 medullary-type car-
cinomas in the elderly.

Materials and methods

Patients

In all, 35 cases, aged 65 years or older with poorly
differentiated adenocarcinoma of the large intestine,
were selected from the list of colorectal cancers at a
geriatric hospital. They were composed of 13 men
and 22 women, with an average age of 78 years,
ranging from 65 to 99 years old. Patients with
inflammatory bowel disease or belonging to families
with evidence of hereditary nonpolyposis colorectal
cancer (according to the Amsterdam criteria), or
familial adenomatous polyposis were excluded from
the present study. This work was approved by the
Ethics Committee of the Tokyo Metropolitan Ger-
iatric Medical Center.

Histopathological Evaluation

All tissue samples were fixed with 10% formalin
after resection and then embedded in paraffin in a
standard procedure. Serial sections, 3 and 10mm
thick, were prepared for each specimen. The 3 mm-
thick section was used for hematoxylin and eosin
staining and immunostaining, and the 10 mm-thick
section was used for DNA extraction.

All of the tumors were pathologically diagnosed
as poorly differentiated adenocarcinomas.1–3 The 35
cases were classified into two types, medullary and
pleomorphic types, according to the description by
Ruschoff et al.4 The medullary type of poorly
differentiated adenocarcinoma was composed of
solid sheets or trabeculae of small- to medium-sized

quite uniform cells with a variable amount of
eosinophilic or amphophilic cytoplasm (Figure 1a).
The nuclei were round to oval, regular, with slight or
moderate pleomorphism, and a single nucleolus.
Occasional cells with more voluminous nuclei were
observed in some tumors. The tumor grew expan-
sively with prominent intra- and peritumoral in-
flammatory cell infiltration and/or a Crohn’s-like
lymphoid reaction.17 On the other hand, the pleo-
morphic-type poorly differentiated adenocarcinoma
was composed of solid sheets of medium- to large-
sized variable cells with a variable amount of
eosinophilic cytoplasm (Figure 1b). The tumor cells
demonstrated large irregular nuclei with a few
irregular nucleoli, coarse chromatin, atypical mi-
toses, and an infiltrative growth pattern.

DNA Extraction

Three 10-mm sections on glass slides were depar-
affinized with xylene, rinsed in 100, 90, and 80%
ethanol, and briefly stained with hematoxylin. The

Figure 1 Histology of poorly differentiated adenocarcinoma of the
large intestine in the elderly. (a) Medullary-type carcinoma (case
2) showing small uniform tumor cells. (b) Pleomorphic-type
carcinoma (case 10) showing tumor cells with atypia. Both figures
show the same magnification. Hematoxylin–eosin staining.
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tissues of the tumor were scraped from the semi-
dried section with a blade under the stereomicro-
scope. When a lesion was histologically heteroge-
neous (ie a tumor containing well or moderately
differentiated adenocarcinoma and/or adenoma as
well as poorly differentiated adenocarcinoma), DNA
was extracted separately from each individual area
under the stereomicroscope. DNA samples from
normal colorectal tissue were also extracted. The
tissue sample was transferred into a sterile 1.5ml
microtube. DNA was extracted from all of these
samples by a phenol–chloroform procedure.

Microsatellite Instability

We screened for microsatellite instability using the
mononucleotide repeats BAT-26 and BAT-40 accord-
ing to protocols described by other investigators.18,19

These probes are sensitive and recommended for the
detection of microsatellite-unstable tumors, espe-
cially in case of high-frequency microsatellite
instability. The cases where bands of different
molecular weights were observed in the tumor
DNA, but not observed in normal DNA, were
designated as microsatellite-unstable.

Immunohistochemical Analysis of hMLH1 Proteins

The expression of hMLH1 proteins was evaluated
by immunohistochemistry. Endogenous peroxidase
was blocked by treatment with 0.3% H2O2 in
methanol for 15min. The sections for hMLH1
proteins were heated at 1001C for 10min to retrieve
antigen. Slides were immunostained by the strept-
avidin–biotin method using an anti-human MLH1
monoclonal antibody (G168-15, PharMingen, San
Diego, CA, USA), and developed with diaminoben-
zidine substrate. Counterstaining was hematoxylin.
For hMLH1 protein, adjacent normal tissues were
used as internal controls. The intensity of nuclear
staining in the entire tumor was classified as
negative, weakly positive, and strongly positive in
comparison with that of normal tissues. Focal or
heterogeneous staining patterns were also recorded.
For the statistical analysis, weak or focal staining
was counted as negative for hMLH1.

Methylation Study (Combined Bisulfite Restriction
Analysis, COBRA Method)

Bisulfite treatment was performed using a CpGe-
nome DNA Modification Kit (Oncor, Gaithersburg,
USA) according to the manufacturer. The COBRA
protocol was performed as described previously.20

Bisulfite-modified DNA was amplified by nested
PCR with specific primers for the hMLH1 promoter.
The primer sequences used for primary and second-
ary PCR amplification of hMLH1 were described
previously.20 Primary PCR was performed in 25ml

reaction mixtures as follows: 941C for 2min,
followed by 35 cycles at 941C for 1min, 551C for
2min, and 721C for 1min, with a final 10min
extension at 721C. Secondary PCR was performed in
25ml reaction mixtures as follows: 941C for 2min,
followed by 35 cycles at 941C for 1min, 631C for
2min, and 721C for 1min, with a final 10min
extension at 721C. The PCR products were then
digested with a specific restriction enzyme, RsaI for
at least 2 h and then electrophoresed on 15%
polyacrylamide gels.

Statistical Analysis

All data were subjected to statistical analysis.
Comparisons among continuous and categorical
variables were made using the Students t-test, w2 or
Fisher’s exact probability test. A probability value of
less than 0.05 (two-sided) was considered to be
significant.

Results

Clinicopathologic Findings

Poorly differentiated adenocarcinomas of the prox-
imal colon (proximal to the splenic flexure) in
women accounted for 91% of the cases, being
significantly higher than in men (62%, Po0.05).
The incidence rate of proximal colonic cancers
increased with advancing age, reaching 100% in
patients aged over 85 years. Although no significant
difference in site distribution was found among any
age groups, a higher proportion of proximal colonic
cancer was noted with advancing age. The mean size
of the poorly differentiated adenocarcinomas, in-
cluding the accompanying neoplastic lesion, was
9.1 cm (ranging from 1.5 to 12.5 cm). Macroscopi-
cally, all cases showed ulcerative-invasive features.

Histologically, medullary, and pleomorphic types
of poorly differentiated adenocarcinomas accounted
for 23 and 12 cases, respectively (Figure 1). In
medullary-type carcinomas, glandular differentia-
tion was absent in 11 cases and minimal (o5%) in
five cases, whereas in seven cases more extensive
features of glandular differentiation were observed.
Glandular differentiation was mainly represented by
the occurrence of a mucosal layer or well-formed
glandular structures within the solid sheets.
Crohn’s-like lymphoid reactions and/or intensive
lymphocytic infiltration in the tumor stroma were
detected in 18 cases.

On the other hand, in the pleomorphic-type
carcinomas glandular differentiation was absent in
eight cases and minimal in four cases. None of the
tumors showed more extensive features of glandular
differentiation. A Crohn’s-like lymphoid reaction
was found in five cases of the pleomorphic type.

The mean age at diagnosis in the medullary type
was significantly higher than that in the pleomorphic
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type (80.6 vs 73.6 years). Although both types of
poorly differentiated adenocarcinoma were staged
as pT3 or pT4 at the time of surgery, medullary-type
carcinomas exhibited significantly less frequent
lymph node metastasis (43.5 vs 83.3%, P¼ 0.03).
The mortality rate (20%) of patients with medullary-
type carcinomas was significantly lower than
that (71%) with pleomorphic-type carcinomas
(P¼ 0.03). Corresponding to these data, patients
with medullary-type carcinomas had a more favor-
able outcome.

Immunohistochemistry

In all, 24 cancer specimens (69%) showed an
absence of hMLH1 protein expression (Figure 2),
while the remaining 11 cancer specimens showed
positive nuclear hMLH1 staining. All the adjacent
normal tissues, including the 24 cases with
absent hMLH1 expression, exhibited nuclear
hMLH1 expression. Of the 24 tumors 23 with absent

hMLH1 expression were located in the proximal
colon.

Microsatellite Analysis

Representative microsatellite instability is shown in
Figure 3. Of the 35 cases 24 were microsatellite-
unstable (69%), and 11 were microsatellite-stable
(31%). Of the 24 microsatellite-unstable cases, 13
cases showed the instability of only one marker and
11 cases showed the instability of both markers. In
all, 20 (83%) of the microsatellite-unstable cases
were medullary-type carcinomas, while only three
(27%) of the microsatellite-stable cases were medul-
lary-type carcinomas (Po0.01).

Methylation of hMLH1 Gene Promoter

Of the 35 poorly differentiated adenocarcinomas
examined, methylation status was determined in 26
cases. Totally, 16 cancers (62%) presented with
hMLH1 methylation (Figure 4). Methylation of the
hMLH1 promoter was found in 14 of 18 cancers with
absent hMLH1 protein expression, but only two in
nine cancers with normal hMLH1 expression ex-
hibited methylation, demonstrating a close correla-
tion of transcriptional loss with hMLH1 methylation
(P¼ 0.009).

Associations among Microsatellite Instability, hMLH1
Expression and Methylation Status of hMLH1
Promoter

Table 1 demonstrates the hMLH1 expression and
methylation status of the hMLH1 promoter in poorly

Figure 2 Immunohistochemistry of hMLH1 expression in poorly
differentiated adenocarcinoma. (a) Poorly differentiated adeno-
carcinoma showing no hMLH1 protein expression, with peritu-
moral infiltration of hMLH1-positive lymphocytes (case 8). (b)
Poorly differentiated adenocarcinoma showing positive nuclear
staining of hMLH1 protein in cancer cells (case 9). Counter-
staining, hematoxylin.

Figure 3 Analysis of microsatellite instability in paired tumor (T)
and normal mucosa (N) at loci of BAT-26, and BAT-40. Abnormal
patterns (arrows) indicating mobility alteration of PCR product
from tumor DNA compared to normal mucosa DNA are shown at
each microsatellite locus.
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differentiated adenocarcinoma with or without
microsatellite instability. The absence of hMLH1
protein expression (92%) concurrent with hyper-
methylation of the hMLH1 promoter (71%) in
microsatellite-unstable cases was significantly high-
er than those (9 and 25%) in microsatellite-stable
cases (Po0.01 and Po0.05, respectively). Micro-
satellite-unstable cases were significantly correlated
with medullary-type carcinoma (Po0.01). The mor-
tality rate was significantly correlated with micro-
satellite instability (Po0.01), but not with hMLH1
promoter methylation (P¼ 0.09) or hMLH1 expres-
sion (P¼ 0.22). Microsatellite-unstable cases
showed a favorable outcome.

Clinicopathologic Characteristics of Medullary-type
and Pleomorphic-type Poorly Differentiated
Adenocarcinomas

The clinicopathologic and molecular characteristics
of medullary-type carcinomas were compared with
those of pleomorphic-type carcinomas (Table 2).
Significantly different pathologic and molecular

features of medullary-type carcinomas occurred in
the elderly such as proximal location, more frequent
Crohn’s-like lymphoid reaction, low incidence of
lymph node metastasis, absent hMLH1 expression,
microsatellite instability, hMLH1 promoter methyla-
tion, and less frequent mortality from the colorectal
cancer.

Age-related Alterations of Clinicopathologic
Characteristics of Poorly Differentiated
Adenocarcinomas

As a result of the stratification of cases according to
their ages, medullary-type poorly differentiated
adenocarcinoma, concurrent with absent hMLH1
expression and methylation of the hMLH1 promoter,
was observed to accumulate with advancing age
(Figure 5). Patients aged more than 80 years old with
poorly differentiated colorectal adenocarcinoma
were all female, and patients over 85 years of age
all showed medullary-type carcinomas.

Discussion

We have shown that in the elderly, approximately
two-thirds of poorly differentiated colorectal adeno-
carcinomas have clinicopathologic features of a
medullary phenotype. Additionally, hypermethyla-
tion of the hMLH1 promoter with an absence of
hMLH1 protein expression is closely correlated with
medullary-type carcinomas with microsatellite in-
stability in the elderly.

The present study has provided evidence that
medullary-type poorly differentiated adenocarcinomas

Figure 4 Methylation of the hMLH1 promoter in four representa-
tive poorly differentiated adenocarcinomas. RsaI only cleaves the
methylated alleles, yielding 57- and 29bp bands. Cases 22 and 33
show hypermethylation of the hMLH1 promoter.

Table 1 Relationship between microsatellite instability, expres-
sion of hMLH1 protein, and hypermethylation of the hMLH1
promoter

Microsatellite
instability

Medullary
type

Absent
expression of
hMLH1 protein

Hypermethylation
of hMLH1
promoter

Microsatellite-
stable

3/11 (27%) 1/11 (9%) 2/8 (25%)

Microsatellite-
unstable

20/24 (83%)a 22/24 (92%)a 12/17 (71%)b

a

Po0.01. bPo0.05, compared with microsatellite-stable cases.

Table 2 Clinicopathologic and molecular characteristics of
medullary-type poorly differentiated adenocarcinoma in compar-
ison with pleomorphic-type carcinoma

Characteristics Medullary
type

Pleomorphic
type

P-value

Age (years, means7S.D.) 80.677.8 73.675.1 0.008
Gender (male/female) 7/16 6/6 0.22
Tumor location
(proximal/distal)

22/1 5/7 o0.001

Tumor size
(^5 cm/o5 cm)

21/2 8/4 0.09

Glandular differentiation
(Extensive/minimal/
absent)

7/5/11 0/4/8 0.10

Crohn’s-like lymphoid
reaction (+/�)

18/5 5/7 0.04

Lymph node metastasis
(+/�)

10/13 10/2 0.03

Microsatellite instability
(+/�)

20/3 4/6 0.011

hMLH1 protein
expression (+/�)

2/21 10/2 o0.001

hMLH1 promoter
methylation (+/�)

15/3 1/7 0.0012

Mortality rate 20% (2/10) 71% (5/7) 0.03

Medullary-type colorectal cancer
T Arai et al

176

Modern Pathology (2004) 17, 172–179



showed microsatellite instability associated with
absent hMLH1 expression and hypermethylation of
the hMLH1 promoter. Most of the medullary-type
carcinomas showed a high proportion of microsa-
tellite instability in comparison with pleomorphic-
type carcinomas. This result is in accord with that of
other investigators.4,10,14 Although the high inci-

dence of absent hMLH1 expression was reported in
poorly differentiated colorectal adenocarcinomas,14

our results indicated that in poorly differentiated
adenocarcinoma, the medullary-type carcinoma is
primarily affected as compared with pleomorphic-
type carcinoma. In view of the histopathological
type of tumor, we are the first to describe hyper-
methylation of the hMLH1 promoter in medullary-
type carcinomas. The molecular event was detected
in sporadic colorectal carcinomas with microsatel-
lite instability,13,21 and caused inactivation of the
hMLH1 gene, resulting in absent expression of its
protein.13 These results suggest that hypermethyla-
tion of the hMLH1 promoter is the underlying cause
of the mismatch repair defects observed in medul-
lary-type carcinomas. In contrast, pleomorphic-type
carcinomas do not seem to be induced by hMLH1
methylation. Thus, these findings indicate that
medullary- and pleomorphic-type carcinomas differ
not only in their clinicopathologic features but also
in their molecular findings and therefore we
hypothesize that both types of poorly differentiated
adenocarcinomas have different pathways in carcino-
genesis.4,14

Medullary-type carcinomas in the elderly share
clinicopathologic and biological features with those
occurring in patients with hereditary nonpolyposis
colorectal cancer: predominant occurrence in the
proximal colon, large-sized tumors, expansive
growth, prominent Crohn’s-like lymphoid reaction,
low incidence of lymph node or hematogenous
metastasis, and favorable outcome.22 Common fea-
tures are tumor location, histology, and biological
behavior while age, gender distribution, and the
presence of extra-colorectal primary malignancies
are different between the two. Genetically, four
human mismatch repair genes, hMSH2, hMLH1,
hMSH6, and hPMS2, are involved in 47, 47, o5 and
o1% of patients with hereditary nonpolyposis
colorectal cancer, respectively. Mutations in such
genes result in a ‘mutator phenotype’ that can be
identified by observing genetic instability in the
form of deletion and insertion mutations in simple
repetitive DNA sequences at microsatellite loci. The
present study supports the hypothesis that hyper-
methylation of the hMLH1 promoter also results in a
‘mutator phenotype’.13,23 Consequently, medullary-
type carcinomas in the elderly may be induced by an
epigenetic event within the hMLH1 gene, whereas
hereditary nonpolyposis colorectal cancer results
from germ-line mutation of the mismatch repair
gene with occasional hypermethylation of the
hMLH1 promoter.24

In the present study, medullary-type carcinomas
accumulated with advancing age. The spread of
methylation in the hMLH1 promoter in the normal
colonic mucosa was closely associated with age and
with the development of sporadic colorectal cancers
with microsatellite instability.15 The frequency of
methylation in those tumors was significantly
correlated with aging.21,25 Methylation has been

Figure 5 Age-related accumulation of medullary-type carcinoma
with microsatellite instability, absent hMLH1 protein expression,
and hypermethylation of the hMLH1 promoter. All cases are listed
in order of age. (a) M, male; F, female. (b) C, cecum; A, ascending
colon; T, transverse colon; D, descending colon; S, sigmoid colon;
R, rectum. (c) ’, medullary-type carcinoma; &, pleomorphic-
type carcinoma. (d) ’, microsatellite-unstable; &, microsatellite-
stable. (e) ’, absent expression of hMLH1 protein; &, normal
expression. (f)’, methylated hMLH1 promoter;&, unmethylated
hMLH1 promoter; ND, not determined.
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observed not only in the hMLH1 promoter but also
in other gene promoters, such as the estrogen
receptor (ER), N33, MyoD, etc.26,27 Furthermore,
our previous study showed that age-related methy-
lation was found in gastric cancer as well as
colorectal cancer.20 The absent expression of hMLH1
protein was closely related with aging in gastric and
colorectal cancers.20,28 Since aberrant CpG island
methylation is a powerful mechanism for the
inactivation of gene activity, age-related methylation
of the genes may play a significant role in the
increase of malignant neoplasms in the elderly.

Age and gender differences exist in colorectal
cancers. The proportion of proximal colonic cancer
in women was approximately 10% higher than
those in men, and increased with advancing age.29

Molecular evidence showed colorectal cancer with
microsatellite instability was most frequent among
younger male and older female patients.12,30 The
frequency of hMLH1 methylation with lack of its
expression was significantly correlated with females
and aging.21,31 These facts may contribute to the
observation that medullary-type carcinomas occur
more frequently in the older female patient and in
the proximal colon.6,10

The present study has suggested that medullary-
type poorly differentiated carcinomas should be
distinguished from other adenocarcinomas with
minimal or no glandular differentiation due to its
biological behavior. Since approximately 90% of
medullary-type carcinomas showed an absence of
hMLH1 protein expression together with micro-
satellite instability, immunohistochemistry for the
detection of hMLH1 protein may be useful in
predicting the tumor type.12,32 However, immuno-
histochemistry cannot replace testing for micro-
satellite instability to identify microsatellite-unstable
sporadic colorectal cancer,33 and morphological
prediction of microsatellite-unstable cancer has
low sensitivity.34 Thus, we emphasize that both
hMLH1 immunohistochemistry and a histopatho-
logical evaluation can predict medullary-type carci-
nomas, but they may miss some cases.32,33 Molecular
analysis is required for therapeutic decisions.34

Colorectal adenocarcinoma are graded predomi-
nantly on the basis of the extent of glandular
appearances.2,3 They are divided into well, moder-
ately, and poorly differentiated, and in general the
differentiation may reflect a biological behavior.
Although medullar-type carcinoma is classified as
poorly differentiated adenocarcinoma or undiffer-
entiated carcinoma,3 several reports, together with
our data, demonstrated that medullary-type carci-
noma showed a favorable prognosis.4,6,10 The mor-
tality rates in medullary-type carcinoma vs in well
or moderately differentiated adenocarcinoma are
unclear, but warrant further examination.

In conclusion, we found an age-related accumula-
tion of medullary-type poorly differentiated adeno-
carcinomas in the elderly, especially in females, as
well as hypermethylation of the hMLH1 promoter

with absent hMLH1 protein expression, which may
play an important role in carcinogenesis of the
tumor.
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