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Expression of the 14-3-3 sigma Protein and Methylation Status of the
14-3-3 sigma gene in Biliary Neoplasms
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Background : The 14-3-3 sigma (0) protein has a negative regulatory role in the cell cycle
progression of the. Down-regulation or overexpression of the 14-3-30 protein has been report-
ed in various human cancers. Methods : Immunohistochemistry for the 14-3-30 protein was
performed in non-neoplastic bile duct cells, intraductal papillary neoplasms of the liver (IPNL),
mass-forming intrahepatic cholangiocarcinomas (ICC) and non-papillary extrahepatic cholan-
giocarcinomas (ECC). We investigated the methylation status of the 14-3-30 gene in 45 cases
of these 3 tumor groups. Results : The non-neoplastic bile duct cells demonstrated negative
or weakly positive cytoplasmic immunoreactivity for the 14-3-30 protein and no methylation
of the 14-3-30 gene. Overexpression as well as negative immunoreactivity associated with
hypermethylation of the 14-3-3¢ protein was observed in 16 (69.6%) of 23 cases of IPNL, in
21 (63.6%) of 33 cases of mass-forming ICC and in 27 (71.1%) of 38 cases of non-papillary
ECC. Negative immunoreactivity was increased in the invasive IPNL (4/6, 66.7%), as well as
in the poorly differentiated cases of mass-forming ICC (8/12, 66.7%) and the non-papillary ECC
(5/8, 62.5%). Conclusions : The similar rates for the abnormal expression of the 14-3-30" pro-
tein among the three groups of biliary neoplasms indicate its general association with biliary
carcinogenesis. Furthermore, the loss of the 14-3-3¢ protein may be involved in the tumor
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Methylation

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver cancers of adults." It is classified macro-
scopically into mass-forming type, periductal infiltrative type
and intraductal papillary type.' Intraductal papillary neoplasms
of the liver (IPNL) are commonly designated as biliary papillo-
matosis, and they show a broad spectrum of cellular atypia from
low grade dysplasia to invasive carcinoma in the proliferating
biliary epithelial cells.” Dysregulation of the cell cycle has been
suggested as a possible mechanism for the pathogenesis of IPNL.**
Overexpression of p53 has also been demonstrated along with
the histologic progression of IPNL.? In addition, IPNL have
been shown to display frequent K-ras gene mutation, the same
as in ICC.* However, IPNL were reported to be included in the
CpG islands methylator phenotype negative group, which is in
contrast to the other types of ICC.” In cases of mass-forming
ICC, abnormal expressions of the G1-S modulators such as p53,
cyclin D1, p16, p27, Rb, K-ras and p57,"* and TGF- 8/Smad

progression and differentiation in the biliary carcinogenesis.
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pathway are reported.’ Lee ez al. reported 59.5% CpG islands
hypermethylation of the 14-3-3 sigma (0) gene in ICC,” how-
ever, the expression level of the 14-3-30 protein has not been
reported. In cases of extrahepatic cholangiocarcinoma (ECC),
decreased expression of p57° and hypermethylation of p16” were
reported.

The 14-3-3 protein is one of the cell cycle regulatory proteins
that comprises a family of highly conserved eukaryotic 25-33
kDa acidic polypeptides. Its ¢ isoform was originally isolated
as an epithelial-specific marker and its expression was increased
during epithelial differentiation."” The 14-3-30 protein was also
termed stratifin as a transformation-sensitive epithelial marker."
There are many evidences supporting the regulatory roles of the
14-3-30 protein in the cell proliferation, differentiation, cell
death and the signal transduction pathway.!"** For the progres-
sion of the cell cycle, the 14-3-30 protein has a negative regu-
latory role for the G2/M checkpoint via sequestering the cdc2/
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cyclinB1 complexes and the cdc25C in the cytoplasm."" It also
inhibits G1/S progression by binding to cdk2 and cdk4, and
the 14-3-30 protein has emerged as a new class of cdk inhibitor."
Thus, the loss of its function may contribute to malignant trans-
formation by impairing the G2/M and/or G1/S checkpoint func-
tions.

Down-regulation of the 14-3-30 protein expression was report-
ed in various human cancers arising in the breast, the stomach,
the colon, the lung, the liver, the urinary bladder, the vulva, the
skin and lymphoid cells."”* Inactivation of the 14-3-30 gene was
associated with hypermethylation of the 5° CpG islands.'>%1%4%
In contrast, overexpression of the 14-3-30 protein was reported
in papillary and anaplastic carcinomas of the thyroid gland,”*

%2 and ovarian cancers.”" %

pancreatic ductal adenocarcinomas

Although the expression patterns of the 14-3-3¢ protein in
normal human epithelial cells have been variously reported
according to the tissue types,” 14-3-30 expression has not been
described in the non-neoplastic intrahepatic and extrahepatic
bile ducts cells. Furthermore, the expression pattern of the 14-
3-30 protein and the methylation status of the 14-3-30 gene
have not yet been reported in IPNL and ECC.

In the present study, the expression of the 14-3-30 protein
in the non-neoplastic intrahepatic and extrahepatic bile ducts
cells was compared with that in the biliary neoplasms. We exam-
ined the expression of the 14-3-30 protein in the subtypes of
biliary neoplasms, including TPNL, mass-forming ICC and non-
papillary ECC, to elucidate the implication of the 14-3-3 G pro-
tein expression in biliary carcinogenesis. In addition, the methy-
lation status of the 5 CpG islands of the 14-3-30 gene was cor-
related with the expression of the 14-3-3¢ protein to reveal the
mechanism of the abnormal expression of the 14-3-30 protein.

MATERIALS AND METHODS
Case selection

We selected 94 surgically resected specimens of biliary neo-
plasms, and they included 23 cases of IPNL, 33 cases of mass-
forming ICC and 38 cases of non-papillary ECC (Table 1). They
were obtained from the surgical pathology files of the Asan Medi-
cal Center from May 1996 to April 2003. Two pathologists re-
viewed the hematoxylin and eosin stained slides.

The twenty-three cases of IPNL were classified into 5 sub-
types according to the degree of the cytologic and structural
atypia, as was previously described.” Type 1 was defined as low
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grade dysplasia, type 2 high grade dysplasia, type 3 carcinoma
in situ, type 4 carcinoma in situ with focal microscopic foci of
stromal invasion and type 5 carcinoma with definite invasion
into the hepatic parenchyma or into the fibromuscular layer of
the large bile ducts. The thirty-three cases of mass-forming ICC
and 38 cases of non-papillary ECC were classified into well-dif-
ferentiated (WD), moderately differentiated (MD) and poorly
differentiated (PD) tumors according to the degree of glandular
differentiation of the tumor cells.

Immunohistochemistry

The formalin-fixed paraffin-embedded tissue blocks were cut
into 4 to 6 um thick sections. The sections were mounted on
poly-L-lysine-coated glass slides, deparaffinized in zylene, rehy-
drated in graded alcohol and washed in tap water. The slides
were incubated with 3% H,O, and heated in a steam cooker with
10 mmol sodium citrate buffer, pH 6.0. After treatment with
10% normal goat serum for 10 min, mouse monoclonal antibody
for 14-3-30 (clone 1433801, dilution 1:50; Neo Markers, Fre-
mont, CA, USA) was applied for 1 h. After reacting with a bio-
tinylated anti-mouse antibody for 10 min, the antigen-antibody
complexes were visualized by using a streptavidin-horseradish
peroxidase conjugate (LSAB kit; DAKO, Carpinteria, CA), with
diaminobenzidine being used as a chromogen. The slides were
counterstained with Meyer’s hematoxylin. Sections of the normal
skin were used for a positive control. The primary antibody was
replaced with H. pylori monoclonal antibody for a negative con-
trol. The immunoreactivity was determined according to the
staining intensity and the proportion of positive cells. When the
tumor cells showed stronger immunoreactivity for the 14-3-30

Table 1. Cases examined in this study

Pathologic Dx (Case No.)
IPNL (23)

Subtype (Case No.)

(
(
(
(
(
Mass-forming ICC (33) WD (
(
(
Non-papillary ECC (38) WD (

(

(

Dx, diagnosis; IPNL, intraductal papillary neoplasms of the liver; ICC,
intrahepatic cholangiocarcinoma; ECC, extrahepatic cholangiocarci-
noma; WD, well differentiated; MD, moderately differentiated; PD, poorly
differentiated.
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protein than did the normal intrahepatic and extrahepatic bile
ducts cells, the cells were considered to be positive. The immu-
noreactivity was defined as negative when the positive cells were
< 1/3 of the tumor cells, and the immunoreactivity was defined
as positive when the positive cells were >1/3 of the cumor cells.
Immunolocalization of the 14-3-30 protein was evaluated as
being either cytoplasmic or membranous.

Analysis of the methylation status of the 14-3-3¢ gene

We examined the methylation status of the 14-3-30 gene
promoter in 45 specimens, including 15 cases of IPNL, 14 cases
of mass-forming ICC and 16 cases of non-papillary ECC. For
the normal control, non-neoplastic intrahepatic and common
bile ducts cells were microdissected with using a laser capture
microdissection technique. The neoplastic areas on the hemato-
xylin and eosin-stained slides were matched for the corresponding
10 to 20 pm thick paraffin sections, and then they were scraped.
The collected materials were deparaffinized by washing them
in xylene and then rinsing them in ethanol. After the samples
were digested with proteinase K, the DNA was extracted with
using phenol/chloroform and it was precipitated with ethanol.
The extracted DNA was modified by sodium bisulfite as previ-
ously described by Herman e /.* Methylation specific PCR
(MSP) for the 14-3-30 gene was performed with the following
condition: 94°C for 5 min, followed by 30 cycles at 94°C for 1
min, 60°C for 1 minand 72°C for 1 min, with a final extension
step for 10 min at 72°C. The reaction mixture contained 50 ng
of modified DNA, 10 pmol of primers, 0.2 mM dNTP and 1
unit of Taq polymerase (Takara, Kyoto, Japan) in 1 X PCR buffer
(10 mM Tris (pH 8.3), 50 mM KCl and 1.5 mM MgCl,). The
primer sequences were as follows: (methylated band, forward)
5 TGGTAGTTTTTATGAAAGGCGTC-3'; (methylated band,
reverse) 5'-CCTCTAACCGCCCACCACG-3'; (unmethylated
band, forward) 5'-ATGGTAGTTTTTATGAAAGGTGTT-3';
(unmethylated band, reverse) 5"-CCCTCTAACCACCCACCA-
CA-3'. The PCR products were analyzed on 2.5% agarose gel,
stained with ethidium bromide and visualized by UV illumi-

nation.
Statistical analysis

Statistical analysis was performed using SPSS version 10.0
(SPSS, Inc., Chicago). The x* test and Fisher’s exact probability
test were used for analysis of the results. p-values of less than
0.05 were considered to be significant.
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RESULTS

Expression of the 14-3-3¢ protein in the normal bile duct
cells

Most of the non-neoplastic intrahepatic and common bile duct
cells were negative for the 14-3-30 protein. However, the hy-
perplastic intrahepatic bile duct cells (Fig. 1A) and the peribil-
iary glands of the common bile duct (Fig. 1B) were either neg-
ative or weakly positive for the 14-3-30 protein only in the cyto-
plasm.

Expression of the 14-3-3¢ protein in the IPNL, the mass-
forming ICC and the non-papillary ECC

Thirteen (56.5%) of 23 cases of IPNL were positive for the
14-3-30 protein (Table 2). Ten (76.9%) of 13 cases with 14-3-
3 0-immunopositivity showed the unusual membranous staining
pattern with or without cytoplasmic immunoreactivity (Fig. 1C).
One (25.0%) of 4 cases of the type 1 IPNL showed positive im-
munoreactivity for the 14-3-3 6 protein. Ten (76.9%) of 13 cases
of the type 2, type 3 and type 4 IPNL showed positive immunore-
activity for the 14-3-30 protein. In contrast, four (66.7%) of
six cases of the type 5 IPNL were negative for the 14-3-30 pro-
tein (Fig. 1D).

Sixteen (48.5%) of 33 cases of mass-forming ICC were positive
for the 14-3-36 protein (Table 2). Two (66.7%) of three cases of
WD mass-forming ICC were positive, while eight (66.7%) of
12 cases of PD mass-forming ICC were negative for the 14-3-3¢
protein (Fig. 1E). However, there was no statistical significance
in the immunoreactivity according to the degree of the histologic
differentiation. Eleven (68.8%) of 16 cases of mass-forming ICC
with immunopositivity for the 14-3-30 protein showed membra-
nous staining (Fig. 1F) with or without cytoplasmic immunore-
activity (Fig. 1G). There was no significant difference in the stain-
ing pattern among the WD, MD and PD mass-forming ICC
(p=0.845).

Twenty-five (65.8%) of 38 cases of ECC were positive for the
14-3-36 protein (Table 2). The rate of positive immunoreactiv-
ity was much lower in the PD ECC (3/8, 37.5%, Fig. 1H) than
in the WD (6/6, 100.0%) and MD (16/24, 66.7%) ECC. The
rate of positive immunoreactivity was statistically significant
between the WD and PD ECC (p=0.031). Fifteen (60.0%) of
25 cases of ECC with positive immunoreactivity for the 14-3-30
protein showed membranous staining (Fig. 1I) with or without
cytoplasmic immunoreactivity (Fig. 1]). There was no signifi-
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Fig. 1. Immunohistochemical results of the 14-3-3¢ protein in bile duct cells and biliary neoplasms. (A) Hyperplastic intrahepatic bile duct
cells and (B) peribiliary glands of common bile duct are either negative or weakly positive for the 14-3-3 0 protein only in cytoplasm. Cases
of type 5 IPNL demonstrate positive membranous (C) or negative (D) immunoreactivities for the 14-3-30 protein. (E) A case of poorly dif-
ferentiated (PD) mass-forming ICC is totally negative for the 14-3-30 protein. Cases of moderately differentiated (MD) mass-forming ICC
demonstrate membranous (F) or cytoplasmic (G) immunoreactivities. (H) A case of PD ECC is totally negative for the 14-3-3¢" protein.
Cases of MD ECC demonstrate membranous (1) or cytoplasmic (J) immunoreactivities.

cant difference in the staining pattern among the WD, MD and Methylation status of the 14-3-3¢ gene
PD ECC (p=0.492).
Methylation of the 14-3-30 gene was not found by MSP in
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Table 2. Results of immunohistochemical stains for the 14-3-3¢
protein in biliary neoplasms

Immunoreactivity Staining pattern
case No. (%) case No. (%)
Pathologic Dx (No.) Membra—
Negative  Positive Cytopla— ngus with/
smic  without cy-
toplasmic
IPNL (23) 10(435) 13(56.5) 3(23.1) 10(76.9)
Type 1 (4) 3(75.0) 1(256.0) 0(0.0) 1(100.0)
Type 2 (2) 0(0.0) 2(100.0) 1(50.0) 1(50.0)
Type 3 (5) 2(40.0) 3(60.0) 0(0.0) 3(100.0)
Type 4 (6) 1(16.7) 5(833) 2(40.0) 3(60.0)
Type 5 (6) 4(66.7) 2(333) 0(0.0) 2(100.0)
Mass-forming ICC (33) 17 (51.5) 16(485) 5(31.2) 11(68.8)
WD (3) 1(333) 2(66.7) 0(0.0) 2(100.0)
MD (18) 8(44.4) 10(55.6) 4(40.0) 6(60.0)
PD (12) 8(66.7) 4(333) 1(250) 3(75.0)
Non-papillary ECC (38) 13(34.2) 25(65.8) 10(40.0) 15(60.0)
WD* (6) 0(0.0) 6(100.0) 1(16.7) 5(83.3)
MD (24) 8(333) 16(66.7) 7(438) 9(56.2)
PD* (8) 5(25) 3(375) 2(66.7) 1(33.3)

*Statistically significant difference of positive immunoreactivity for the 14-
3-30 between WD ECC and PD ECC by using Fisher's exact test (p=
0.031). Dx, diagnosis; IPNL, intraductal papillary neoplasms of the liver;
ICC, intrahepatic cholangiocarcinoma; ECC, extrahepatic cholangio-
carcinoma; WD, well differentiated; MD, moderately differentiated; PD,
poorly differentiated.

Table 3. Methylation status of the 14-3-30° gene in biliary neo-
plasms

. Methylation status
Pathologic Dx

(Case No.) 14-3-30 staining case No. (%)
Negative Positive
IPNL (15) 8(53.3) 7(46.7)
Negative 4 (50.0) 3(42.9)
Positive 4(50.0) 4(57.1)
Mass-forming ICC (14) 9(64.3) 5(35.7)
Negative 3(33.3) 5(100.0)
Positive 6(66.7) 0(0.0)
Non-papillary ECC (16) 10 (62.5) 6(37.5)
Negative 4 (40.0) 2(33.3)
Positive 6 (60.0) 4(66.7)

Dx, diagnosis; IPNL, intraductal papillary neoplasms of the liver; ICC,
intrahepatic cholangiocarcinoma; ECC, extrahepatic cholangiocarci-
noma.

the non-neoplastic intrahepatic and common bile ducts cells.
Seven (46.7%) of 15 cases of IPNL (Fig. 2B), five (35.7%) of
14 cases of mass-forming ICC (Fig. 2C), and six (37.5%) of 16
cases of non-papillary ECC (Fig. 2D) showed hypermethylation
of the 14-3-30 gene promoter by MSP (Table 3). There was no
significant difference in the methylation status of the 14-3-3¢
gene among these 3 neoplastic groups (p=0.863). There was also
no significant difference in the methylation status of the 14-3-
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N-1 N-2
Uu M U M
200 bp— Product size
U: 106 bp
100 bp—> M:105bp @)
IPNL-11 IPNL-13 IPNL-14 IPNL-15
U
ICC-1 ICC-10 ICC-11 ICC-13
ECC 5 ECC 7 ECC 15 ECC 16

Fig. 2. Methylation status of the 14-3-30 gene. (A) Non-neoplastic
intrahepatic (N-1) and common bile ducts cells (N 2) show a 106
bp unmethylated band. Representative cases of IPNL (B), mass-
forming ICC (C) and non-papillary ECC (D) show about 105 bp
methylated bands (U, unmethylated; M, methylated).

30 gene according to the types of IPNL and the differentiation
of the mass-forming ICC and non-papillary ECC. Negative im-
munoreactivity for the 14-3-30 protein was observed in three (42.9
%) of seven cases of IPNL with hypermethylation, in all five
(100%) cases of mass-forming ICC with hypermethylation, and
in two (33.3%) of six cases of non-papillary ECC with hyperme-
thylation (Table 3).

DISCUSSION

In the present study, we first reported on the negative or weakly
positive cytoplasmic immunoreactivity for the 14-3-30 protein
in the non-neoplastic intrahepatic and extrahepatic bile ducts
cells. For the pancreatic ductal cells or acini, the negative' or
weakly positive cytoplasmic® expression of the 14-3-30 protein
was reported, which was similar to that of the non-neoplastic
bile duct cells in this study. However, a moderately to weakly
positive cytoplasmic expression of the 14-3-30 protein was report-
ed in the gallbladder."”

We defined the positive immunoreactivity as well as the neg-
ative immunoreactivity that was associated with hypermethyla-
tion of the 14-3-30 gene as the abnormal expression of the 14-
3-30 protein in biliary neoplasms on the basis of the findings
in the non-neoplastic bile duct cells. We first demonstrated the
abnormal expression of the 14-3-30 protein in the majority of



14

the IPNLs (16/23, 69.6%), the mass-forming ICCs (21/33, 63.6
%) and the non-papillary ECCs (27/38, 71.1%). The similar
rates for the abnormal expression of the 14-3-3¢ protein, regard-
less of the subtypes of biliary neoplasm, suggest its general asso-
ciation with biliary carcinogenesis.

In IPNL, the positive immunoreactivity for the 14-3-30 pro-
tein showed a tendency to increase from the type 1 to type 4.
Like the non-neoplastic intrahepatic bile duct cells, most cases
of type 1 IPNL (3/4, 75.0%) revealed predominantly negative
immunoreacitivity for the 14-3-30 protein. The positive immu-
noreactivity for the 14-3-30 protein in the majority of type 2,
type 3 and type 4 IPNLs may suggest a compensatory increase
of a negative regulator such as the 14-3-30 protein against the
overexpression of positive regulators during the progression of
the cell cycle. In ICC, the overexpression of a positive regulator
such as cyclin D1 was reported in the early cell cycle.’ Further-
more, part of the newly expressed 14-3-3 0 protein may show a
membranous distribution, and this is due to an unknown mech-
anism. Whereas in type 5 IPNL, the increase of the negative
immunoreactivity for the 14-3-30 protein suggests its negative
role for tumor invasion in the late stage of IPNL progression.
As in biliary neoplasms, all the benign and borderline tumors,
as well as the majority of malignant ovarian tumors, showed
positive immunoreactivity for the 14-3-30 protein; however,
negative immunoreactivity for the 14-3-30 protein was signifi-
cantly correlated with a high tumor grade and an advanced tumor
stage.” For the mass-forming ICC and non-papillary ECC (p=
0.031), the increased negative immunoreactivity for the 14-3-30
protein in the PD tumor cells indicates a regulatory role of the
14-3-3 6 protein during cellular differentiation. A similar result
was reported in PD gastric adenocarcinomas in which the loss of
the 14-3-30 protein was much more frequently noted.'® The
positive immunoreactivity for the 14-3-30 protein in the PD
tumor cells of mass-forming ICC and non-papillary ECC may
be associated with hypomethylation of the 14-3-3 0 gene.

The 14-3-3¢ protein has been reported to show cytoplasmic
staining in most non-neoplastic tissues,"” and the membranous
accentuation of the 14-3-30 protein has only been reported in
pancreatic ductal adenocarcinomas in conjunction with cytoplas-
mic staining.”® Thus, the membranous staining in the majority
of biliary neoplasms in the current study appears to be a charac-
teristic finding. For WD non-papillary ECC, the high frequency
of the positive membranous expression of the 14-3-30 protein
(83.3%) may suggest its association with better cellular differen-
tiation. However, further studies are needed to validate the mem-
branous expression in IPNL and in the mass-forming ICC.
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In the present study, hypermethylation was not detected in
the non-neoplastic epithelium of both bile ducts. The methyla-
tion status of the 14-3-3¢ gene in the non-neoplastic bile ducts
has been described as unmethylated in the intrahepatic bile ducts,”
and there has been no report on the methylation status of the
14-3-30 gene in non-neoplastic extrahepatic bile duct cells.
However, the frequency of the 14-3-30 gene methylation in
the mass-forming ICC (35.7%) was lower than that reported by
Lee ¢t al. (59.5%)." To regulate the expression of the 14-3-30
protein, complex mechanisms appear to be involved in the dif-
ferent subtypes of biliary neoplasms. Although a complete loss
of the 14-3-30 protein was observed in all cases of mass-form-
ing ICC with hypermethylation, more than half of the cases of
IPNL (57.1%) and ECC (66.7%) maintained the expression of
the 14-3-30 protein despite the hypermethylation. These results
may have come about from the heterogeneous mosaic methyla-
tion profile or due to the contamination of normal stromal cells.
Some cases of IPNL (50%), the mass-forming ICC (33.3%) and
the ECC (40%) showed negative immunoreactivity for the 14-
3-30 protein in the absence of methylation. The mechanism of
these results is uncertain; however, incomplete induction due
to the impairment of p53 function' or ubiquitin mediated pro-
teasomal degradation® may be involved.

In conclusion, the similar rates of overexpression, as well as
the loss of the 14-3-30 protein in association with the 14-3-30
gene hypermethylation, among the three groups of biliary neo-
plasms indicate its general association with biliary carcinogenesis.
Furthermore, the increase of negative immunoreactivity in the
cases of IPNL with definite invasion and in the PD ICC/ECC
suggests that the 14-3-30 protein may be involved in the pro-
gression of tumor and in the tumor cell differentiation of biliary
neoplasms. However, the methylation status of the 14-3-30 gene
suggests a variable association with the down-regulation of the
14-3-30 protein, according to the type of biliary neoplasm. The
expression of the 14-3-30 protein appears to be regulated by
complex mechanisms, among the different subtypes of biliary
neoplasms, and further studies are needed to clarify the mecha-

nism.
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