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SUMMARY: Minimal deviation adenocarcinoma (MDA) is a well-differentiated variant of mucinous adenocarcinoma of the uterine
cervix and is found relatively infrequently in the general population. However, MDA is strongly associated with Peutz-Jeghers
syndrome (PJS), a rare hereditary autosomal disorder characterized by benign hamartomatous polyposis in the gastrointestinal
tract and mucocutaneous pigmentation. A serine threonine kinase gene, STK11, has been identified as the tumor suppressor
gene responsible for the PJS. In this study we investigated the possible direct role of STK11 in the development of MDA of the
uterine cervix. Eleven rare cases of mucinous MDA, not known to be associated with PJS, were screened for the presence of
mutations in the STK11 gene by single-strand conformation polymorphism analysis of PCR-amplified DNA fragments.
Subsequently our findings were confirmed with cloning and sequencing. As a control, 24 cases of endocervical adenocarcinomas
of other histologic subtypes, with no family history of PJS (19 mucinous adenocarcinomas, 4 endometrioid adenocarcinomas,
and 1 clear cell adenocarcinoma), 15 cases of squamous cell carcinomas of the uterine cervix, 5 cases of endocervical glands
with pyloric gland metaplasia, and 2 deeply situated nabothian cysts were investigated. Somatic mutations of the STK11 gene
were confirmed in 6 (55%) of the 11 mucinous MDAs and 1 (5%) of the 19 mucinous adenocarcinomas, but not in the 5
nonmucinous adenocarcinomas, the 15 squamous cell carcinomas, nor the 5 endocervical glands with gastric metaplasia. MDAs
with the STK11 mutation had a significantly poorer prognosis than MDAs without the STK11 mutation (p � 0.039). A germline
mutation of STK11 was detected in one PJS patient with mucinous adenocarcinoma of the uterine cervix. These results suggest
that mutations in the STK11 gene may play an important role in the etiology of MDA of the uterine cervix and may distinguish this
rare tumor from other common types of adenocarcinoma of the uterine cervix. (Lab Invest 2003, 83:35–45).

M inimal deviation adenocarcinoma (MDA) of the
uterine cervix, originally termed adenoma ma-

lignum, is an extremely well-differentiated variant of
cervical adenocarcinoma representing about 1% to
3% of adenocarcinomas of the uterine cervix (Kamin-
ski and Norris, 1983). Microscopically, the cells lining
the glands lack cytologic features of malignancy, but
the glands are architecturally atypical and varying in
size, shape, and location (McKelvey and Goodlin,
1963; Silverberg and Hurt, 1975). Preoperative diag-
nosis of MDA is difficult because the cervix often
appears normal without any obvious lesion grossly or
colposcopically (McKelvey and Goodlin, 1963; Silver-
berg and Hurt, 1975). In nearly all instances, the
diagnosis cannot be made reliably based merely on
biopsy material but instead requires either a deep
cone biopsy or hysterectomy specimen because the
depth of penetration of the glands is the key histologic

feature of MDA. MDA can be confused with the
several conditions in which non-neoplastic glands
extend beyond 5 to 7 mm from the surface (Kaminski
and Norris, 1983; Young and Clement, 1991). These
MDA-mimicking conditions include endocervical tun-
nel clusters, deeply situated nabothian cysts, meso-
nephric hyperplasia, and intestinal or pyloric gland
metaplasia (Young and Clement, 1991).
Since the histologic diagnosis of MDA of the uterine

cervix is sometimes problematic because of its histo-
logic resemblance to these non-neoplastic conditions,
efforts have been made to characterize the histo-
chemical properties of MDA (Gilks et al, 1989; Steeper
and Wick, 1986; Toki et al, 1997). Toki et al (1997)
showed that MDA lacks expression of characteristic
mullerian-type markers, such as estrogen receptor
(ER), progesterone receptor (PR), and CA125, and that
a fraction of MDA tumor cells contain the gastric
epithelial markers, gastric mucin or carcinoembryonic
antigen (CEA). Steeper and Wick (1986) reported that
positive staining for CEA was helpful in supporting the
diagnosis of MDA, but others have shown CEA reac-
tivity only focally in MDA (Gilks et al, 1989; Toki et al,
1997). Ishii et al (1998, 1999) and Utsugi et al (1999)
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demonstrated by using the monoclonal antibody
HIK1083 that gastric mucin was present in 90% of
MDAs and in 30% to 57% of mucinous adenocarci-
nomas but not in normal endocervical glands. Gastric
mucins have been demonstrated not only in the cyto-
plasm of the MDA tumor cells but also in cervical
glands showing a metaplastic change to a pyloric
gland morphology, which would make distinguishing
pyloric gland metaplasia from an early stage of MDA
very difficult (Mikami et al, 1999).
Although MDA is a relatively infrequent malignancy of

the female genital tract, accounting for only a small
percentage of all uterine cervical adenocarcinoma, it is
occasionally associated with the equally rare Peutz-
Jeghers syndrome (PJS), with the result that approxi-
mately 10% of the patients with MDA are reported as
patients with PJS (Gilks et al, 1989; Young et al, 1982).
PJS is a hereditary autosomal disorder characterized by
benign hamartomatous polyposis in the gastrointestinal
tract and mucocutaneous pigmentation (Jeghers et al,
1949). Patients with PJS are not only at increased risk for
breast, lung, pancreatic, and gastrointestinal cancers
(Giardiello et al, 1987) but have an association with
unusual types of tumors in the female genital tract, such
as the ovarian sex cord tumors, and of course MDA of
the uterine cervix (Scully 1970; Young and Scully, 1988;
Young et al, 1982). In recent years, the genetic locus of
susceptibility for PJS was mapped to chromosome
19p13.3 by linkage analysis (Amos et al, 1997; Hemminki
et al, 1997; Nakagawa et al, 1998). The tumor suppres-
sor gene responsible for PJS was subsequently found to
be a previously identified gene, LKB1, which encodes a
433-amino acid ubiquitously expressed serine threonine
kinase–like nuclear phosphoprotein, referred to as
STK11 (Hemminki et al, 1998).
Although a gene responsible for MDA has not been

identified, Lee et al (1998) demonstrated that about
half of MDAs were affected by loss of heterozygosity
at chromosomal marker D19S216 at 19p13.3, within 2
Mb of the STK11 gene. Their results suggest that
independent loss of the STK11 gene could also be
responsible for the development of MDA, which is not
associated with PJS.
This study was designed to reveal the possible

direct role of the STK11 gene in the development of
MDA and to associate gene alterations with histologic
findings. We screened for STK11 gene mutations by
PCR-single strand conformation polymorphism (PCR-
SSCP) analysis and subsequently confirmed such
mutations by cloning and sequencing. We also ana-
lyzed MDA tissues for mutations in the K-ras and the
p53 genes, two major genes that have been very
intensively analyzed in gynecologic cancers. In addi-
tion, we assayed for ovarian steroid hormone recep-
tors, CEA, CA125, and gastric gland mucous cell
mucin expression by immunohistochemical staining.

Results

PCR-SSCP and Cloning Sequence Analyses

We used PCR-SSCP analysis to screen the entire
coding region of the STK11 gene for the presence of

mutation in 11 cases of sporadic mucinous MDA, 24
cases of non-PJS endocervical adenocarcinomas of
other histologic types, 15 cases of squamous cell
carcinomas of the uterine cervix, and 7 benign condi-
tions of the uterine endocervix. Examples of the cases
that showed mobility shifts by SSCP analysis are
shown in (Fig. 1). To guard against contamination and
PCR artifacts, we performed PCR amplification and
SSCP-based gel electrophoresis from each DNA sam-
ple on at least two separate occasions. Bands with
mobility shifts that were observed on at least two
separate occasions were considered as candidates
for mutation. Mutations were subsequently confirmed
by subcloning and sequencing (Fig. 2). The PCR
products showing a mobility-shift by SSCP analysis
were subcloned into pCR2.1 vectors. DNAs were
extracted from multiple individual clones, and PCR-
SSCP analyses were performed to confirm the these
clones showed the same mobility shift as the original
PCR products. At least five independent clones were
sequenced to determine the presence of mutations.
Mutations of the STK11 gene were detected in 6 of 11
sporadic mucinous MDAs and in 1 of 19 non-PJS
mucinous adenocarcinomas of the uterine cervix (Ta-
ble 1). In the seven tumors in which PCR-SSCP
analysis suggested the presence of mutations, wild-
type bands were undetectable or barely detected,
indicating a loss of normal STK11 allele in these
tumors. Histology of the MDAs with STK11 mutations
is shown in Figure 3. However, no mutations in the
STK11 gene were detected in the four endometrioid
adenocarcinomas, nor in the case of clear cell adeno-
carcinoma, nor in the 15 squamous cell carcinomas of
the uterine cervix. Mutations were not detected in five
endocervical glands with pyloric metaplasias or two
deeply situated nabothian cysts either. The frequency
of STK11 alterations in MDA is statistically higher than

Figure 1.
Detection of STK11 gene mutations by SSCP analysis. Each fragment
surrounding exon 1 to exon 9 of the STK11 gene was PCR amplified, with
incorporation of [32P]dCTP. The PCR product was heat denatured and
electrophoresed in an 8% nondenaturing polyacrylamide gel. A, exon 1; B,
exon 4; C, exon 5; and D, exon 8. PCR products with wild-type STK11
sequences yielded two bands (arrowheads). Bands with mobility sifts (arrow),
which suggest the presence of a mutation, were observed in lane a (exon 1,
case 7), lane g (exon 4, case 1), lane i (exon 5, case 3), and lane l (intron 7,
case 9), whereas wild-type bands were undetectable or barely detected,
indicating the loss of normal STK11 allele in these tumors.
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that in mucinous adenocarcinoma (p � 0.0045) and in
all the adenocarcinomas combined (p � 0.0017).

To see whether these mutations were somatic or
present in the germ line, the matched normal tissue

was studied in cases that contained mutations in the
tumor tissue. In sporadic MDAs, no mutations were
observed in the matched normal tissue, suggesting
that the mutation was somatic. In one of the three
tumors that were associated with PJS, analysis of
matched normal tissue suggested that the mutation
was present in the germ line. The remaining mucinous
MDAs associated with PJS did not contain any muta-
tions in the STK11 gene.

In sporadic mucinous MDAs, seven STK11 muta-
tions were detected in six tumors (one tumor, Case 11,
contained both a missense mutation and a silent
mutation) (Table 2). All seven mutations were single-
base substitutions: four were G:C3A:T transitions,
two were A:T3G:C transitions, and one was a
G:C3C:G transversion. Four mutations were found in
exon 1 (Cases 7, 8, and 11), and two of them were an
identical GTG3ATG mutation in codon 66 (Cases 7
and 8). The remaining three mutations were scattered:
one in exon 4 (Case 1), one in exon 5 (Case 3), and the
other in the intron 7-exon 8 boundary (Case 3). Of
seven STK11 mutations found in sporadic mucinous
MDAs, five were missense mutations resulting in an
amino acid change, one was a silent mutation in
codon 32 (ACC3ACG) resulting in no amino acid
change, and the other was a G3A mutation at 10 bp
upstream of the intron 7-exon 8 boundary, which may
result in abnormal splicing. A single case of mucinous

Figure 2.
Identification of STK11 somatic mutations in six patients with sporadic minimal deviation adenocarcinomas (MDAs). Genomic sequences are in the 5' to 3' direction,
and arrows indicate the location of each mutation. a, CTG [Leu]3CCG [Pro] transition at codon 160 in exon 4 in case 1. b, TTC [Phe]3CTC [Leu] transition at codon
231 in exon 5 in case 3. c and d, An identical GTG [Val]3ATG [Met] transition at codon 66 in exon 1 in both Cases 7 and 8. e, G to A alteration in intron 7 located
10 bp upstream of exon 8 in Case 9. f, GAG [Glu]3AAG [Lys] transition at codon 14 in exon 1 in Case 11. All mutations were confirmed by sequence analysis of
the antisense strand.

Table 1. Frequency of STK11 Mutations in Cervical
Lesions

Histologic diagnosis
Mutation
frequency

Sporadic
Mucinous MDA 6/11a (55%)
High grade 3/4 (75%)
Low grade 3/7 (43%)

Mucinous adenocarcinoma 1/19 (5%)
Endometrioid adenocarcinoma 0/4 (0%)
Clear cell adenocarcinoma 0/1 (0%)
Squamous cell carcinoma 0/15 (0%)
Pyloric gland metaplasiab 0/5 (0%)
Deeply situated nabothian cyst 0/2 (0%)

PJS associated
Mucinous MDA 0/2 (0%)
Mucinous adenocarcinoma 1/1 (100%)

a Significantly more frequent than mucinous adenocarcinoma or all other
adenocarcinomas except MDA (p � 0.0045 and p � 0.0017 by Fisher’s exact
test, respectively).

b Includes two cases with endocervical hyperplasia and three cases without
hyperplasia.
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Figure 3.
HE sections of the cases with a STK11 gene mutation are shown. a, Case 1; b, Case 3; c, Case 7; d, Case 8; e, Case 9; and f, Case 11. Both low-power view (top panels) and high-power
view (bottom panels) are shown in each case. In each case, cells lining the glands show little atypia; however, the glands are architecturally atypical and vary markedly in size and
location, compatible with the diagnosis of MDA. Top panels: Original magnification, �40; scale bar, 0.5 mm. Bottom panels: original magnification, �200; scale bar, 0.1 mm.
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adenocarcinoma of the uterine cervix contained an
A3G mutation at 2 bp upstream of the intron 3-exon
4 boundary, which may also result in abnormal splic-
ing. In three tumors associated with PJS, one muci-
nous adenocarcinoma contained an A3G mutation 2
bp upstream of the intron 7-exon 8 boundary of the
STK11 gene, which, again, may result in abnormal
splicing.

In 11 sporadic MDAs, we evaluated the association
of STK11 mutation with histologic appearance. We
found mutation in the STK11 gene in three (43%) of
seven sporadic MDAs of low grade and three (75%) of
four sporadic MDAs of high grade.

We also evaluated the association of STK11 muta-
tion with clinical outcome in 11 sporadic cases of
MDAs. Four of six patients with MDAs positive for
STK11 mutation died within 24 months of the initial
surgery, and one of those six had a recurrent tumor,
whereas all five of the patients with MDA negative for
STK11 mutation were alive more than 50 months after
initial surgery. MDAs with STK11 mutation thus had a
poorer prognosis than those without mutation (Fig. 4,
p � 0.039, by log-rank test). The six patients with
STK11 mutation were diagnosed to be in clinical stage
1b, except for one case in stage 2b; four of the five
cases without STK11 mutation were also diagnosed in
stage 1b, with one in stage 2b. Therefore, there was
no significant difference of discernable clinical stage
among those with or without STK11 mutation.

A mutation in p53 was detected in only a single
case, that of a mucinous adenocarcinoma. A
GGC3GAC transition was found in codon 245, a
reported hot spot for mutation (Cornelis et al, 1997;
Würl et al, 1996) resulting in a Gly3Asp change. No
mutation in exon 1 of K-ras was found in any of the
samples.

Immunohistochemical Staining

Gastric mucin was detected in 10 (92%) of the 11
sporadic MDAs and in both the mucinous MDAs
associated with PJS (100%). Cytoplasmic staining
was evenly positive from the surface to deep within
the glands in seven cases. In six cases, however, the
immunohistochemical reactivity varied for each malig-
nant cell even when they existed in the same neoplas-
tic gland. The staining intensity also differed gland by
gland. In the 1 case of MDA that did not express
gastric mucin, there was no significant morphologic
difference in the tumor glands compared with the
other 12 cases that did. In three mucinous adenocar-
cinomas that were referred to the University Hospital
for differential diagnosis of MDA, lesions with tumor
cells that resembled MDA were positive for mucin
staining but glands with more distinct atypia compat-
ible with typical mucinous adenocarcinomas were
negative for staining. All five (100%) cases of pyloric
gland metaplasia showed strong positive staining of

Figure 3e, f.
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metaplastic glands. In contrast, two cases of deeply
situated nabothian cysts showed negative staining,
except for weakly positive cells that were present
focally.

Expression of CEA was examined in seven muci-
nous MDAs, including one PJS-associated MDA, two
mucinous adenocarcinomas, and two pyloric gland
metaplasias. Positive CEA was detected diffusely or
focally in four (67%) of six sporadic MDAs, one MDA
associated with PJS, one of two mucinous adenocar-
cinomas, and one of two pyloric gland metaplasias.

We examined the expression of ER, PR, and CA125
in 10 mucinous MDAs, including 2 PJS-associated
MDAs, 3 non-PJS mucinous adenocarcinomas, 2 py-
loric gland metaplasias, and 2 deeply situated nabo-
thian cysts. ER expression was detected in none of the
10 mucinous MDAs. Expression of PR or CA125 was
not apparent in 5 of the 10 mucinous MDAs. The
remaining five MDAs expressed either PR or CA125,
but only weakly or focally. None of three non-PJS
mucinous adenocarcinomas expressed ER, PR, or
CA125. In two pyloric gland metaplasias, expression
of ER, PR or CA125 was not shown or was apparent
only weakly or focally, whereas strong positive ER,

PR, and CA125 expression was shown in the normal
cervical glands adjacent to the metaplastic glands of
the same histologic section. We evaluated the asso-
ciation of expression of mullerian-type markers (ER,
PR, or CA125) with STK11 mutation in 10 MDAs. Three
of the four MDAs with a STK11 mutation showed no
expression of any mullerian-type markers. Two of six
MDAs without STK11 mutation showed no expression
of any mullerian-type markers. There was a trend,
although statistically significant because of the small
sample size, that MDA with STK11 mutation was more
likely to lose expression of mullerian-type markers.

Discussion

Since STK11 was identified as the gene responsible
for the PJS, several studies have reported the frequen-
cies and patterns of STK11 mutation in PJS patients
compared with similar tumors from patients lacking
PJS features (Avizienyte et al, 1998; Bignell et al, 1998;
Nakagawa et al, 1999; Resta et al, 1998). However,
mutations in the STK11 gene were rarely found in the
types of gastrointestinal or breast tumors common to
both the general population and patients with PJS
(Avizienyte et al, 1998; Bignell et al, 1998; Nakagawa
et al, 1999; Resta et al, 1998). In addition, mutations in
the STK11 gene were hardly ever found in testicular or
ovarian tumors in the general population (Avizienyte et
al, 1998; Nishioka et al, 1999).

In this study, we tested for STK11 mutations in a
variety of sporadic cervical carcinomas. We detected
STK11 mutations in 6 (55%) of 11 mucinous MDAs
and 1 (5%) of 19 mucinous adenocarcinomas but not
in 4 endometrioid adenocarcinomas or 15 squamous
cell carcinomas. In contrast, we did not detect muta-
tions in K-ras or p53 in mucinous MDAs. Mutations in
K-ras or p53 are also reported to be rare in common
endocervical adenocarcinoma (Tenti et al, 1998).
These findings indicate that STK11 mutation is in-
volved specifically in the development of mucinous
MDA. The observation that only about one half of
mucinous MDA contained a point mutation in the

Table 2. STK11 Mutations in Cervical Carcinoma

Case no. Histology

Mutation

Location Codon Sequence Expected outcome

Sporadic
1 Mucinous MDA Exon 4 160 CTG 3 CCG Leu 3 Pro
3 Mucinous MDA Exon 5 231 TTC 3 CTC Phe 3 Leu
7 Mucinous MDA Exon 1 66 GTG 3 ATG Val 3 Met
8 Mucinous MDA Exon 1 66 GTG 3 ATG Val 3 Met
9 Mucinous MDA 10 bp upstream of intron 7-exon 8 boundary G 3 A Abnormal splicing
11 Mucinous MDA Exon 1 14 GAG 3 AAG Glu 3 Lys

32 ACC 3 ACG Thr 3 Thr
40 Mucinous adenoca. 2 bp upstream of intron 3-exon 4 boundary A 3 G Abnormal splicing

PJS associated
29 Mucinous adenoca. 2 bp upstream of intron 7-exon 8 boundary A 3 G Abnormal splicing

Mucinous adenoca., mucinous adenocarcinoma of the uterine cervix; sporadic, patient without phenotype of PJS in the respective family; PJS associated, patient
affected with PJS.

Figure 4.
Overall survival of mucinous MDA patients with and without STK11 mutation.
Six patients with STK11 mutation-positive tumors and five patients with STK11
mutation-negative tumors were plotted using the Kaplan-Meier method.
Patients with STK11 mutation-positive tumors had a poorer prognosis (p �
0.039, by log-rank test).
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STK11 gene suggests that there may be other mech-
anisms for STK11 inactivation, such as loss of MDA
expression or posttranscriptional regulation of STK11
protein stability in the tumors that lack a STK11 point
mutation. Alternatively there may be other genes as-
sociated with the mucinous MDA lacking STK11 mu-
tation, because STK11 mutation is detected in only
roughly half of patients, even among those with famil-
ial PJS (Nakagawa et al, 1998; Resta et al, 1998).

Our observation of a linkage between MDA and
STK11 mutation is somewhat in contrast with the
previous report by Connolly et al (2000) in which they
found no mutations in eight sporadic MDAs. This
discrepancy is possibly a result of the differences in
methodologies used to detect mutations. They ana-
lyzed for the STK11 mutation by direct sequencing of
PCR-amplified fragments. We screened for mutations
by PCR-SSCP analysis and subsequently confirmed
each mutation by cloning and sequencing. PCR-SSCP
analysis is much more sensitive for detecting mutated
alleles in mixed-cell tumors than is direct sequencing
(Enomoto et al, 1995). It is unlikely that the mutations
we detected were the result of PCR artifacts because
we performed PCR amplification and SSCP-based gel
electrophoresis from each DNA sample on at least two
separate occasions, and only the bands with mobility
shifts observed on at least two separate occasions
were further processed for subcloning and sequenc-
ing. Moreover, we sequenced at least five clones to
determine the presence of mutation. By using the
same methodology for all the samples we analyzed,
and by repeating the whole experiments at least twice,
we confirmed the findings of frequent mutations spe-
cifically in mucinous MDA but not in the tumors of
other histologic types.

Lee et al (1998) observed allelic loss at chromo-
somal region 19p13.3 in nine cases of sporadic MDAs.
They found allelic loss in all six informative cases at
chromosomal marker D19S216, which is located over
3 Mb centromeric to STK11, and in two of three
informative cases at chromosomal marker D19S886,
which resides 190 Kb distal to STK11 gene. From
these results they suggested that there might be a
tumor suppressor gene distinct from STK11 that is
involved in the development of sporadic MDA. How-
ever the number of samples they analyzed for loss of
heterozygosity was too small to convincingly conclude
that STK11 was not the principal 19p gene responsi-
ble for MDA or that an alternative gene exists. We
were unable to perform systematic analysis of loss of
heterozygosity using microsatellite markers because
of insufficient DNA quantity. However, our SSCP anal-
ysis showed that all six MDAs that contained STK11
point mutations also had lost their remaining wild-type
allele. This suggests that both alleles of STK11 are
inactivated in these six tumors, which strongly sup-
ports the proposal that STK11 is the primary 19p gene
responsible for the etiology of MDA.

Of the eight mutations of STK11 found in sporadic
MDAs or mucinous adenocarcinomas, four mutations
were in exon 1, suggesting that exon 1 may be a “hot
spot” of mutation for sporadic MDAs. Nakagawa et al

(1998) reported germline STK11 mutations in exon 6 in
five of ten PJS patients, and Connolly et al (2000)
reported STK11 mutations within exons 4 and 6 in two
PJS family patients with sex cord tumors with annular
tubules, whereas Hemminki et al (1998) demonstrated
STK11 mutations in exon 1 in seven of twelve PJS
cases. Therefore exons 1 and 6 might be the “hot
spots” of mutation for familial PJS. Of the eight
mutations we identified in sporadic MDAs, five were
missense mutations, one was a silent mutation, and
two were point mutations at intron-exon boundaries
that could potentially result in abnormal splicing.
STK11 splicing abnormalities in PJS families have
been previously noted (Abed et al, 2001). In contrast,
most of the mutations reported in PJS have been
nonsense mutations or small insertions/deletions
(Hemminki et al, 1998; Nakagawa et al, 1998; Resta et
al, 1998). Analysis of additional cases will be required
to determine the differences of hot spot and types of
mutations between sporadic MDAs and those associ-
ated with PJS.

It is of note that we did not detect any STK11
mutations in five cases of pyloric gland metaplasias.
These five cases were originally referred to the Uni-
versity Hospital for consultation as to whether they
were a very early lesion of MDA or an otherwise benign
pyloric gland metaplasia. In these cases, cells resem-
bling the pyloric glands of the stomach were promi-
nent, but there was no distinct nuclear atypia or
evidence of stromal invasion. However, it is not well
known yet how to distinguish very early stages of MDA
(ie, MDA in situ) from pyloric gland metaplasia or
whether pyloric gland metaplasia is a precursor of
MDA (Ishii et al, 1998; Mikami et al, 1999; Tsuda et al,
2000). Immunohistochemical staining with HIK1083,
CEA, ER, PR, or CA125 was uninformative, because
both mucinous MDA and pyloric gland metaplasia
showed decreased or no expression of the character-
istic mullerian-type markers and, instead, expressed
gastric epithelial substances, as reported previously
(Mikami et al, 1999). The observation of frequent
STK11 mutation in mucinous MDA but no mutation in
these five cases suggest that these lesions may not be
an early stage of MDA but rather benign pyloric gland
metaplasia. Further studies will be necessary to iden-
tify the natural history of MDA.

The prognosis for MDA is unsettled. Although sev-
eral studies have suggested an extremely poor prog-
nosis (Gilks et al, 1989; McKelvey and Goodlin, 1963),
other series have found survival rates for MDA similar
to ordinary well-differentiated adenocarcinoma of the
cervix at the same stage (Kaminski and Norris, 1983;
Silverberg and Hurt, 1975). A majority of reports found
that the survival of patients with MDA is an exception
to the general rule that a well-differentiated carcinoma
has a better prognosis than a poorly differentiated
carcinoma. We showed that mucinous MDAs with an
STK11 mutation had significantly poorer prognosis
than the tumors without mutation despite the fact that
there was no significant difference in clinical stage,
histologic grade, or size of the tumor between the two
categories (MDA with or without STK11 mutation),
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although mutation was found more frequently in high-
grade MDAs than low-grade tumors (3/4 verses 3/7).
The fact that all five patients with MDA lacking STK11
mutation survived at least 50 months after the initial
surgery suggests that some of these patients may
actually have had benign or premalignant conditions
rather than true MDA, reminding us that histologic
distinction between true MDA and look-alike lesions is
very difficult. The trend that MDA with STK11 mutation
is more likely to lose expression of mullerian-type
markers than MDA without STK11 mutation may also
suggest that some of these patients may not have true
MDA. Analysis of STK11 mutation thus might be useful
for diagnosis and prediction of the prognosis of such
cases.

In conclusion, we showed that mutations in the STK11
gene distinguish mucinous MDAs from other common
adenocarcinomas of the uterine cervix. Mutation anal-
ysis of the STK11 gene may facilitate the differential
diagnosis of mucinous MDA from not only well-
differentiated mucinous adenocarcinoma but from be-
nign glandular lesions of which pyloric gland metapla-
sia is present.

Materials and Methods

Materials

Twenty-three formalin-fixed paraffin-embedded tissue
specimens were obtained from Shinshu University
Hospital, Kyoto University Hospital, Osaka University
Hospital, and their affiliated hospitals. These included
cases that were originally diagnosed as mucinous
MDA and cases that were referred to the University
Hospital for differential diagnosis of (1) MDA and
well-differentiated adenocarcinoma and (2) early stage
of MDA with no obvious stromal invasion and benign
pyloric gland metaplasia. Hematoxylin-eosin (HE) sec-
tions were re-evaluated by three investigators (S.F.,
I.K., and T.E.). Identification of MDA was made based
on (1) cytologically bland glands that varied in size and
shape, (2) increased mitotic activity, (3) a hyperplastic
appearance of the glands at the surface, and (4) an
increased number of glands positioned deeper than
the lower level of normal endocervical glands (Kurman
et al, 1992).

Nine cases meeting these four criteria were diag-
nosed as low-grade MDA. They included two cases
that had associated PJS and were affected by intes-
tinal polyposis and oral pigmentation. Four cases also
met these criteria in most parts of the lesion, except
for focal areas in which the glands had mild cytologic
atypia and architectural complexity. These cases were
diagnosed as sporadic MDA but of a high grade.
Therefore, 11 cases were diagnosed as sporadic
MDA. Five cases had small lesions compatible with
MDA and thus were referred to the University Hospital,
but they also had major lesions with atypical glands
compatible with well-differentiated adenocarcinoma.
These included one case that arose from a PJS family.
This patient was affected by intestinal polyposis and

oral pigmentation. These five cases were diagnosed
as well-differentiated adenocarcinoma.

Another five cases were referred to the University
Hospital for consultation as to whether they were early
lesions of MDA or merely benign proliferative cervical
glands, in particular those cases that included pyloric
gland metaplasia. In these cases, proliferating endo-
cervical glands, lined by columnar cells enriched with
mucin, were tightly arranged in clusters with a back-
to-back appearance, resembling pyloric glands. How-
ever, there was no distinct nuclear atypia or evidence
of stromal invasion. In addition, the proliferative glands
were mixed with nabothian cysts and were not located
deeper than 7 to 10 mm from the surface. We diag-
nosed these cases as glandular hyperplasias with
pyloric gland metaplasia (Mikami et al, 1999). How-
ever, we could not rule out the possibility that these
lesions may actually have been early lesions or pre-
cursors of mucinous MDA.

As controls, we analyzed paraffin-embedded tissue
specimens of an additional 20 endocervical adenocar-
cinomas (15 mucinous adenocarcinomas, 4 endo-
metrioid adenocarcinomas, and 1 clear cell carcino-
ma), 15 squamous cell carcinomas of the uterine
cervix, and 2 deeply situated nabothian cysts obtained
from the Osaka University Hospital.

The age of the 11 patients with sporadic MDA
ranged from 31 to 50 years, with an average age of 44
years. Clinical stages were 1b1 to 2b: two patients
were diagnosed at stage 2b, the others were at stage
1b.

The 13 mucinous MDAs (11 sporadic and 2 associ-
ated with PJS), 5 mucinous adenocarcinomas (4 spo-
radic and 1 associated with PJS), 5 pyloric gland
metaplasias, and 2 deeply situated nabothian cysts
were also analyzed for mutations in the p53 and K-ras
genes.

Laser Capture Microdissection (LCM) and DNA Extraction

Archival formalin-fixed, paraffin-embedded tissues
were cut at 6 �m thickness at 10 serial levels and then
deparaffinized and stained with methyl-green. Subse-
quently, the neoplastic gland specimens were pre-
cisely dissected by an LCM system (LM200; Arcturus
Engineering, Santa Clara, California) (Fig. 5). A carbon

Figure 5.
Method of obtaining cervical glands from paraffin-embedded tissue for DNA
extraction by a laser capture microdissection (LCM) system. a, Sections
derived from Case 7 were stained with methyl green to visualize tumor cells.
b, Tumor cells were precisely isolated from stromal tissue by LCM system.
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dioxide laser pulse specifically activated a transparent
thermoplastic film above the targeted cervical glands
and allowed selective dissection of the epithelial cells.
Some tumor glands of the specimens adhered too
strongly to the slides for transference onto the laser-
activated film by the standard method. In such cases,
the margins of the tumor glands were etched by
surgical blade under microscopy first and subjected to
LCM to collect neoplastic cells with the films. DNA
was extracted from the microdissected cell specimens
by proteinase K digestion, followed by phenol/chloro-
form extraction (Mutter and Boynton, 1995). As a
matched control, corresponding histologically normal
ovarian tissue or normal endometrium of the uterine
corpus was used.

PCR-SSCP Analysis

The 9 exons of STK11 were amplified independently
using 13 pairs of primers. The primer sequences and
the amplification conditions were as described previ-
ously (Bignell et al, 1998; Connolly et al, 2000; Dong et
al, 1998; Jenne et al, 1998; Nakagawa et al, 1998). The
primer sequences and their annealing temperatures
are shown in Table 3. Exon 1 of K-ras and exons 5 to
8 of p53 were also amplified using the primers and the
conditions previously published (Enomoto et al, 1991;
Fujita et al, 1992). The PCR products had incorporated
[32P]dCTP. After PCR amplification, nine volumes of
gel loading buffer (95% formamide, 20 mM EDTA,
0.05% bromphenol blue, and 0.05% xylene cyanol)
were added and the samples were heat denatured at
98° C for 5 minutes, chilled on ice, and subjected to
electrophoresis on an 8% nondenaturing polyacryl-
amide gel at room temperature or 4° C. The gel was
vacuum dried and exposed to Kodak X-Omat film at
�70° C 48 hours.

We performed PCR amplification and SSCP-based
gel electrophoresis from each DNA sample on at least
two separate occasions. Bands that underwent SSCP

mobility shifts on at least two separate occasions were
considered as candidates for having mutations.

Subcloning and Sequencing

The PCR products showing a mobility shift by SSCP
analysis on at least two separate occasions were
subcloned into pCR2.1 vectors using the TA Cloning
Kit (Invitrogen, Carlsbad, California). DNAs were ex-
tracted from multiple individual clones, and PCR-
SSCP analysis were performed to confirm whether
these clones showed the same mobility shift as the
original PCR products. At least five clones that
showed the same mobility shift were sequenced using
a BigDye Terminator Cycle Sequencing Ready Reac-
tion Kit (Perkin-Elmer Cetus, Norwalk, Connecticut)
and run on an automatic 377 Genetic Analyzer DNA
sequencer (Perkin-Elmer Cetus). Subcloning and se-
quencing were repeated in duplicate experiments.

Immunohistochemical Analysis

Expression of gastric mucin, ER, PR, CEA, and CA125
were detected by immunohistochemistry, as previ-
ously described (Toki et al, 1997), in 11 sporadic MDA,
2 mucinous MDA associated with PJS, 3 non-PJS
mucinous adenocarcinomas, 5 pyloric gland metapla-
sia, and 2 deeply situated nabothian cysts. Formalin-
fixed, paraffin-embedded tissues were sectioned at 3
�m and deparaffinized. The sections were hydrated
through an ethanol series. Antigen enhancement was
performed by microwave pretreatment for 15 minutes
in 0.01 M sodium citrate buffer, pH 6.0. Immunohisto-
chemical staining was performed on serial paraffin
sections with the following primary antibodies: anti-
gastric gland mucous cell mucin (HIK1083; Kanto
Reagents, Tokyo, Japan), anti-ER, anti-PR (Immuno-
tech, Marseille, France), anti-CEA (II-7; Dako, Kyoto,
Japan), and anti-CA125 (Novocastra, Newcastle-
upon-Tyne, England). The streptavidin-biotin method
(Nichirei, Tokyo, Japan) was used for the subsequent

Table 3. PCR Primer Sequences and Annealing Temperatures for PCR-SSCP Analysis of the STK11 Gene

Exon

Sequence (5�-3�)
Size
(bp)

Annealing
temperature

(°C)Forward Reverse

1u GGAAGTCGGAACACAAGGAA CAGGTCCCCCATCAGGTACT 240 59
1d ATCGACTCCACCGAGGTCATCT ACCATCAGCACCGTGACTGG 262 67
2 GGCCCTTTCCCACAGCACT AGGCCCCGCGGTCCCAACA 271 63
3a GAGGAGGGGCAAGGTGGGT GTGTGGCCTCACGGAAAGGAG 282 58
3b CCCCCGTGCTCCCTGGGCCTGT CCCTGCCCCGCGCACGCA 173 65
4 CGGCCCCAGGACGGGTGT CTCAGGGAGTGCCCGGGAGG 218 65
5 CTGAGGGCTGCACGGCACCGCCACA GCCGGCAGCTGCCCAAGACG 238 71
6a TCAACCACCTTGACTGACCA ACACCCCCAACCCTACATTT 251 53
6b GACCACGCCTTTCTTCCCTCCC ACACCCCCAACCCTACATTT 236 64
7 CAGCTGACAGGCTCCTCGC CTCAACCAGCTGCCCACAT 159 69
8 CCTGACAGGCGCCACTGCTTC GGCCCCCGCCAGACTCAC 240 63
9u AGCTGTAAGTGCGTCCCCGTGG CGCCCTGGATTTGGTGCTC 206 58
9d CAGCTGAGCACCAAATCCAG CAGGCGTTGTCCCCACAT 170 58

References for sequences of PCR primers: Jenne et al, 1998; Nakagawa et al, 1998; Bignell et al, 1998; Dong et al, 1998; and Connolly et al, 2000.
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immunohistochemical procedure (Ishii et al, 1998,
1999; Toki et al, 1997). Only nuclear staining was
judged as positive for ER and PR, whereas cytoplas-
mic staining was judged as positive for gastric mucin,
CA125, and CEA.

Statistical Analysis

The significance of differences in the frequency with
and without mutation in histopathologically different
categories of lesions was estimated using the Fisher’s
exact test. The survival curves of mucinous MDA with
or without STK11 mutation were plotted by the
Kaplan-Meier method, and differences of overall sur-
vival were tested using the log-rank test.
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