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Abstract

Background—Altered expression of lam-
ins A/C and B1, constituent proteins of the
nuclear lamina, may occur during differ-
entiation and has also been reported in
primary lung cancer.

Aims—To examine the expression of these
proteins in gastrointestinal neoplasms.
Patients—Archival human paraffin wax
blocks and frozen tissue from patients
undergoing surgical resection or endo-
scopic biopsy.
Methods—Immunohistochemistry and
western blotting using polyclonal antisera
against A type lamins and lamin B1.
Results—The expression of lamin A/C was
reduced and was frequently undetectable
by immunohistochemistry in all primary
colon carcinomas and adenomas, and in
718 primary gastric cancers. Lamin Bl
expression was reduced in all colon can-
cers, 16/18 colonic adenomas, and 6/8
gastric cancers. Aberrant, cytoplasmic
labelling with both antibodies occurred in
some colonic cancers and around one
third of colonic adenomas. Cytoplasmic
lamin A/C expression was detected in 3/8
gastric cancers. Lamin expression was
reduced in gastric dysplasia, but not
intestinal metaplasia, atrophy, or chronic
gastritis. Lamin expression was low in
carcinomas of oesophagus, prostate,
breast, and uterus, but not pancreas.
Conclusions—Reduced expression of nu-
clear lamins, sometimes together with
aberrant, cytoplasmic immunoreactivity
is common in gastrointestinal neoplasms.
Altered lamin expression may be a bio-
marker of malignancy in the gastro-
intestinal tract.

(Gur 1999;45:723-729)
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The nuclear lamina is a meshwork of 10 nm
diameter filaments located on the inner aspect
of the inner nuclear membrane.' The lamina is
composed of proteins termed lamins that are
members of the intermediate filament family.””
The lamina is disassembled and reassembled in
a stepwise fashion during mitosis and lamins
are degraded in cells undergoing apoptosis.®”’
Lamins have been classified as A type and B
type based on their isoelectric points.®*® In
humans, one A type and two B type lamin
genes have been identified. The gene that
encodes the A type lamins A and C, isoforms

that arise by alternative RNA splicing, is
located on chromosome 1q21.2-21.3."" A
third alternatively spliced lamin C variant that
is expressed only in germ cells may also arise
from this gene."”” Lamin Bl is encoded by a
gene on chromosome 5q23.2-31.3."°" A
second B type lamin gene that encodes lamin
B2 is located on chromosome 19p13.3."* A
germ cell specific B type lamin may arise from
lamin B2 by alternative RNA splicing."”” Exam-
ination of the lamin A/C and lamin B1 gene
promoters indicates that regulatory regions not
yet characterised are responsible for the differ-
ential expression of these lamin genes in
various cells and tissues."

The results of numerous studies suggest that
B type lamins are expressed to some extent in
essentially all normal somatic cells while A type
lamins are absent from early embryos and sev-
eral non-terminally differentiated cells.'”* Pre-
liminary studies have indicated that lamin
expression may be reduced in some cancers.”
For example, in a series of primary lung carci-
nomas, Broers ez al’’ found decreased expres-
sion of B type lamins in 11 of 23 non-small cell
lung cancers, and reduced expression of A type
lamins in 13 of 15 small cell lung cancers, rais-
ing the possibility that the determination of
nuclear lamin expression in bronchial carci-
noma may be of potential clinical benefit.”

Whether expression of nuclear lamins is
altered in other carcinomas has not been inves-
tigated in detail. Because of the potential use of
lamin expression as a tumour marker, we
therefore examined lamin expression in gastro-
intestinal and some other common human epi-
thelial malignancies and, in particular, colonic
and gastric neoplasms, as the intermediate
pathological steps in the multistage process of
these cancers are readily identifiable.” > Our
aim was to determine the frequency of altered
expression of nuclear lamins in gastrointestinal
tract neoplasia, and to evaluate how early
changes in nuclear lamin expression occur
during the progression from normal mucosa to
cancer.

Methods

TISSUE SAMPLES

A total of 108 human tissue blocks, identified
by pathology records, were selected from the
clinical pathology archives of St Luke’s-
Roosevelt Hospital Centre. Specimens of
normal tissue were either endoscopic biopsy
specimens taken from patients with normal
findings or tissues resected surgically for
non-inflammatory, non-neoplastic disease.
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Figure 1  Normal colonic crypt immunostained for lamin A/C (A) and lamin B1 (B) showing dark nuclear membrane
staining in both epithelial cells and lamina propria cells. Lamin A/C is most highly expressed in cells in the upper crypt.
Original magnification X 400.

IMMUNOHISTOCHEMISTRY
Sections (4 um thick) of formalin fixed, paraffin
wax blocks were cut onto “Superfrost-Plus”
coated microscope slides (Fisher Scientific,
Pittsburgh, Pennsylvania, USA). After deparaf-
finisation through xylenes, sections were
washed and then exposed to microwave pre-
treatment (in 10 mM citrate buffer, pH 6 at 850
W for two periods of five minutes) to enhance
antigenicity. Non-specific binding was blocked
with 1/10 normal goat serum (Vector Laborato-
ries, Burlingame, California, USA) in phos-
phate buffered saline; sections were incubated
with polyclonal antibody to lamin A/C or to
lamin B1 overnight at a concentration of 1/300
at 4°C for 18 hours. The antibodies used were
raised in rabbits to sequence specific peptides
conjugated to KLLH.”® ** The peptide sequences
used for immunisation were: GS-
VTKKRKLESTESC for lamin A/C’ and
TTRGKRKRVDVEESC for lamin B1.>* ** The
cysteines at the carboxyl termini of the lamin
peptides were not part of the sequences but
added to each peptide for conjugation experi-
ments not described in this study. Detection of
binding of primary antibody was achieved using
a biotinylated antirabbit IgG (Vector) and the
streptavidin-peroxidase complex (ABC Kkit,
Vector) with nickel diaminobenzene as chro-
mogen. Finally, sections were lightly counter-
stained with 1% eosin and mounted. As a nega-
tive control, tissue sections were immunostained
in the absence of the primary antibody, and as
positive controls, a small section of normal
colonic mucosa was stained at the edge of the
microscope slides with each case.

QUANTITATION AND STATISTICAL ANALYSIS
The degree of immunointensity was quantified
using a four point scale (0, no staining; 1, weak

staining; 2, moderate staining; 3, very strong,
intense staining). For each case, the entire
stained tissue section was scanned and represen-
tative areas of epithelial cells examined at high
power and ascribed a score, based on mean epi-
thelial cell nuclear staining intensity. Compari-
son was made in all cases between the mean epi-
thelial cell nuclear staining intensity of
neoplastic cells compared with the mean epithe-
lial cell nuclear staining intensity of normal
tissues from patients without neoplasia. Statisti-
cal comparisons were made by the Mann-
Whitney U test. Pairwise comparisons were also
performed for epithelial cells in colon cancer
with the histologically normal colonic crypt
cells, either at the edge of the tumour in the same
block or in the resection margin of the same
operative specimen. Differences between carci-
noma and normal cells in the same patient were
assessed using Wilcoxon’s signed ranks test.

IMMUNOBLOTTING
Fresh tissue obtained at surgery from seven
patients with colon cancer was immediately
snap frozen in liquid nitrogen and stored at
—80°C. Samples were taken both from the car-
cinoma and the macroscopically normal ap-
pearing resection margin for each patient. The
frozen tissue was then homogenised in liquid
nitrogen and lysed in a buffer containing
protease inhibitors as described previously,”
and the resulting insoluble material removed
by centrifugation. Protein concentrations were
measured by the Bradford method and 100 pg
protein samples were electrophoresed on 9%
sodium dodecyl sulphate (SDS) polyacryla-
mide gels.”” Proteins were transferred to nitro-
cellulose membranes by electrotransfer and
blocked for one hour at room temperature in
Tris buffered saline, pH 7.6, containing 1%
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Figure 2 Expression of lamins in colon neoplasms. There is absent nuclear immunoreactivity with antibodies against
lamin A/IC (A) and B1 (B), and cytoplasmic labelling of lamin A/IC (A) and B1 (B) in the gland of an adenomatous
colonic polyp. In a colonic adenocarcinoma, lamin A/C is absent (C) and lamin BI notably reduced (D). Original
magnification X 400. The cytoplasmic immunolabelling of lamin A/C (E) and lamin Bl (F) between the nucleus and
apical pole of adenomatous epithelial cells is better appreciated at higher magnification (% 1000).

Tween and 5% skim milk, and incubated with
antibody at a concentration of 1/300 (vol/vol);
binding was detected with the ECL chemi-
luminescence system (Amersham, Arlington
Heights, Illinois, USA).

Results

COLON

Fourteen cases of normal colonic mucosa (five
from the ascending colon, five from the
descending colon, and four from the rectum),
17 cases of primary colorectal carcinoma with
adjacent transitional mucosa, and 18 cases of
adenomatous polyps with adjacent transitional

to normal mucosa were studied. Of the cases of
colon carcinoma, three were Dukes’s stage A,
three Dukes’s B, and the remainder Dukes’s C;
all were moderately differentiated, except two
which were poorly differentiated. Lamin im-
munoreactivity in non-neoplastic mucosa was
evident as a homogeneous band around the
nucleus, in the location of the nuclear enve-
lope. In some cells, particularly with high
staining intensity, the entire nucleus labelled
positively. Lamin A/C immunoreactivity was
present in the nuclei of all cells of the colonic
crypt. Staining was most intense (grade 3) in
cells located in the surface 30-50% of the
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Table 1 Immunohistochemical nuclear labelling for lamins
A/IC and lamin B1 in normal and neoplastic epithelial cells
of gastric and colonic tissue sections

n Lamin AIC Lamin B1

Colon

Normal 14 2 (1-3) 3 (1-3)

Adenoma 18 0 (0-1)** 1 (0-1)**

Adenocarcinoma 17 0 (0-1)** 1 (0-2)**
Stomach

Normal 6 2 (1-3) 2 (2-3)

Intestinal metaplasia 4 2 (1-2) 2 (2-3)

Atrophy 2 2 (1-2) 2 (1-3)

Dysplasia 4 1(1-2) 2 (1-2)

Adenocarcinoma 8 0 (0-1)* 0 (0-1)*

The degree of immunointensity was quantified using a four
point scale. Data are shown as median (range); n = number of
cases examined.

*p<0.05, **p<0.01 compared with normal mucosa from the
same organ.

colonic crypt (fig 1A). Immunoreactivity for
lamin B1 was also evident in the nuclear mem-
brane throughout the crypt. In contrast to
lamin A/C expression, there was no particular
gradient from top to bottom of the crypt with
lamin B1 (fig 1B).

In all colonic neoplasms (both adenoma and
carcinomas), reduced or absent staining for
lamin A/C was observed (fig 2A,C,E; tables 1
and 2). In addition to notably reduced nuclear
staining, lamin A/C immunoreactivity was
present in the epithelial cell cytoplasm in 39%
of the adenomatous polyps (fig 2A,E), and in
two of 17 carcinomas (table 2). Lamin Bl
immunoreactivity was similarly reduced in
colonic neoplasms. Sixteen of 18 adenomas
and all 17 carcinomas had reduced nuclear
lamin B1 labelling compared with control
colonic mucosa. Lamin B1 immunoreactivity
was undetectable in seven of 18 adenomas, and
seven of 17 carcinomas (fig 2B,D,F). Again,
cytoplasmic labelling with antilamin B1 anti-
bodies was noted in some adenomas and carci-
nomas. In the transitional, histologically nor-
mal, mucosa immediately adjacent to the
neoplasm, lamin immunoreactivity was similar
to normal, but with occasional cytoplasmic
labelling with antilamin A/C and antilamin B1
antibodies. The expression of lamins in hyper-
plastic polyps was similar to normal colonic
crypts.

Pairwise comparison between the carcinoma
and histologically normal mucosa was possible
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in 15 of the 17 cases. For lamin A/C the median
immunointensity in the cancer was 0 (range
0-1) compared with 2 (1-3) in the normal
mucosa; immunointensity for lamin B1 was 1
(0-1) and 2 (2-3) respectively (p<0.001 in
each case). The extent of reduction in nuclear
lamin expression compared with normal was
not related to the degree of differentiation or
Dukes’s stage of the primary carcinoma in this
study, although comparison was limited be-
cause we examined very few cases which were
not moderately differentiated or of Dukes’s
stage C.

Western blotting showed the expected size
protein bands, with two proteins of around 65
and 74 kDa detected with the lamin A/C anti-
body and a single species of around 70 kDa
with lamin B1 (fig 3). No consistent differences
in the detection of either lamin were observed
by immunoblotting, when comparing normal
mucosa with colon cancer.

STOMACH

We examined six cases of normal gastric tissue
including specimens from the gastric antrum,
corpus, and fundus. Gastric epithelial cells
from all these regions stained strongly with
both lamin A/C and lamin Bl antisera (fig
4A,B), regardless of site of origin. Eight cases
of non-cardia gastric cancer were also studied.
With regard to cancer of the colon, there was
reduced expression of both lamin A/C and
lamin B1, although cytoplasmic staining was
only noted for lamin A/C and not for lamin B1
(fig 4C,D; tables 1 and 2). To establish where
in the progression from normal through the
progressively intermediate steps of gastric
preneoplasia and neoplasia the reduction in
lamin expression occurs, we also examined
cases of gastric atrophy (n=2), intestinal meta-
plasia (n=4), and gastric dysplasia (n=4). Both
lamins were detected at normal levels in gastric
atrophy and intestinal metaplasia, but in
dysplasia all cases had reduced expression of
lamins A/C compared with normal mucosa,
and two of four cases had reduced lamin B1.
These results suggest that the reduction of
lamin expression during gastric carcinogenesis
occurs at the stage of gastric dysplasia.

Table 2 Immunohistochemical labelling for lamins A/C and B1 in tumour tissues, compared with normal epithelial cells of

the same organ

Lamin AIC Lamin Bl
Nuclear Nuclear
Reduced Absent Cyroplasmic Reduced Absent Cytoplasmic
Colonic
Adenoma 18/18 (100%)  15/18 (83%)  7/18 (39%)  16/18 (89%)  7/18 (39%)  5/18 (28%)
Adenocarcinoma 17/17 (100%) 14/17 (82%) 2/17 (12%) 17/17 (100%)  7/17 (41%) 3/17 (18%)
Gastric adenocarcinoma 7/8 (88%) 4/8 (50%) 3/8 (38%) 6/8 (75%) 4/8 (50%) 0/8 (0%)
Oesophageal cancer
Squamous 3/6 (50%) 3/6 (50%) 0/6 (0%) 3/5 (60%) 0/6 (0%) 0/6 (0%)
Adenocarcinoma 2/2 (100%) 1/2 (50%) 0/2 (0%) 1/2 (50%) 1/2 (50%) 0/2 (0%)
Pancreatic cancer 0/3 (0%) 0/3 (0%) 1/3 (33%) 0/3 (0%) 0/3 (0%) 0/3 (0%)
Cervical squamous carcinoma  3/3 (100%) 3/3 (100%) 0/3 (0%) 2/3 (67%) 0/3 (0%) 0/3 (0%)
Uterine adenocarcinoma 3/3 (100%) 3/3 (100%) 0/3 (0%) 2/3 (67%) 1/3 (33%) 0/3 (0%)
Prostate adenocarcinoma 3/4 (75%) 0/4 (0%) 0/4 (0%) 3/4 (75%) 0/4 (0%) 0/4 (0%)
Breast adenocarcinoma 3/3 (100%) 0/3 (0%) 0/3 (0%) 3/3 (100%) 0/3 (0%) 0/3 (0%)
Lung non-small cell carcinoma 3/3 (100%) 2/3 (67%) 0/3 (0%) 2/3 (67%) 2/3 (67%) 3/3 (100%)

Nuclear lamin expression in neoplastic cells was compared with that found in the nuclei of normal epithelial cells from the same tis-
sue and the data presented as the percentage of cases with reduced and/or absent nuclear lamin expression. Aberrant cytoplasmic
expression is also noted as a percentage of neoplastic cases examined.
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Figure 3 Representative immunoblot of normal (N) and cancer (C) tissue pairs from
three patients with primary colorectal carcinoma. No consistent differences in the expression
of lamin A/C or BI were found in these tissue lysates. Migration of molecular mass
standards in kilodaltons is shown on the right.

-y, T

OTHER NEOPLASMS

A small number of other neoplasms were
examined. Table 2 summarises the findings. In
the normal oesophagus, lamin A/C and Bl
were expressed in all epithelial cells; lamin B1
expression was particularly strongly expressed
in cells of the basal layer. In squamous
oesophageal cancer, lamin Bl expression was
maintained, but lamin A/C expression lost in
four of six cases. In adenocarcinoma lamin A/C
immunoreactivity was reduced in both cases
and lamin B1 in one of the two cases. No cyto-
plasmic lamin labelling was observed in
oesophageal cancer.
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In the normal human pancreas, very weak
expression of both types of lamin was noted in
acinar cells and in the ductular epithelium. The
islets of Langerhans stained weakly for lamin
B1 expression, and no lamin A/C was detect-
able. In contrast to findings in the oesophagus,
stomach, and colon, carcinoma of the pancreas
had retained expression of lamin A/C and B1
and, indeed, lamin B1 expression was greater
than the normal intensity of acinar and ductu-
lar cells in two of three cases examined.

In both cervical and uterine body cancer,
lamin A/C expression was reduced compared
with the normal uterine epithelium. Lamin Bl
expression was similar to normal in cervical
cancer but reduced or absent in cancer of the
uterine body. The expression of both types of
lamins was reduced compared with normal in
three cases of breast cancer and in three of four
cases of prostatic cancer studied. In non-small
cell lung cancer (n=3) and in one case of small
cell lung cancer, reduced expression of both
lamins was observed, compared with the
normal lung.

Discussion

This study clearly shows that lamin A/C and
lamin B1 immunoreactivity is reduced in
colonic and gastric adenocarcinomas. A reduc-
tion in lamin expression by immunohistochem-
istry was found to occur at an intermediate
stage of neoplastic transformation in both these
organs and, concomitant with reduced lamin

. oy Gy W9

Figure 4  Expression of nuclear lamins in gastric tissue. In the non-neoplastic mucosa from a gastrectomy specimen removed for cancer, strong expression of
nuclear lamin A/C (A) and B1 (B) is evident throughout, including both the relatively normal mucosa on the left and in the area of intestinal metaplasia,
on the right. There is notably reduced expression of lamin A/C (C) and B1 (D) in an intestinal type gastric cancer. Original magnification x 400.
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expression, cytoplasmic immunolabelling for
both types of lamin was often observed. The
latter finding has only previously been reported
for A type lamins in small cell lung cancers,”
and the functional significance of this finding is
not known.

Although we found notably reduced
immunohistochemical lamin expression in
neoplastic gastric and colonic epithelial cells in
comparison with the normal epithelial cells of
these organs, this was not confirmed by
western blotting tissue lysates of colonic
neoplasms and the histologically uninvolved
surgical resection margin. This suggests that
immunoblotting is a relatively insensitive way
to detect altered epithelial cell expression of
lamins, probably due to the presence of
contaminating non-epithelial cells in the tissue
lysates, as noted previously.” However, the
possibility remains that despite reduced nu-
clear lamin expression in cancers, total cell
lamin immunoreactivity may be unchanged
due to aberrant aggregation of lamins in the
cytoplasm of transformed cells. Furthermore,
in spite of the fact that we frequently failed to
detect nuclear lamin expression in cancer by
immunohistochemistry, it is likely that small
amounts of lamins may continue to be
expressed in neoplastic cells, albeit below the
limit of detection of our immunohistochemical
assay.

From examining a small series of other
common solid human cancers, we have found
that a reduction in expression of both lamin
A/C and B1 appears to be a frequent feature of
carcinomas. We found reduced lamin expres-
sion in squamous and adenocarcinoma of the
oesophagus, in cervical and uterine body can-
cers, in breast cancer, and also in bronchial
carcinoma, the latter confirming a previous
report.”” However, reduced lamin expression
may not be a universal finding in all epithelial
neoplasms, as we also found that the expres-
sion of A type lamins and lamin Bl was
normal in pancreatic cancer, and others have
similarly observed lamin expression to be
maintained in five cases of hepatocellular
carcinoma.™

The mechanism underlying reduced nuclear
lamin expression is not evident from this
study, but possible explanations for reduced
nuclear lamin immunoreactivity include de-
creased nuclear lamin protein synthesis, al-
teration of normal nuclear lamin protein
structure to a less immunoreactive form, or
lamin protein degradation, as occurs during
apoptosis.’

Similarly, the cause of the cytoplasmic label-
ling with antilamin antibodies that we observed
is not known. It could signify mislocalisation of
nuclear lamins in the cytoplasm or cytoplasmic
aggregation of newly synthesised lamin pro-
teins that cannot reach the nucleus.

The clinical significance of reduced nuclear
lamin expression remains to be determined. We
have not observed any change in nuclear lamin
expression in inflammatory, non-neoplastic
conditions such as Helicobacter pylori associated
chronic gastritis, peptic oesophagitis, or diver-
ticulitis. As our study suggests that reduced

Moss, Krivosheyev, de Souza, et al

nuclear lamin expression may be an early event
in gastrointestinal neoplasia, reduced nuclear
lamin immunoreactivity and/or cytoplasmic
lamin labelling could conceivably serve as a
marker of the malignant phenotype in situa-
tions where conventional histological assess-
ment is difficult. This would include the
diagnosis of high grade dysplasia in Barrett’s
oesophagus and in the colon of patients with
long standing ulcerative colitis. More detailed
studies of nuclear lamin expression in these
conditions are indicated in order to test such
hypotheses.

In summary, we have found reduced nuclear
lamin expression to be an early and frequent
finding in gastrointestinal cancer, often accom-
panied by aberrant cytoplasmic immunolabel-
ling. Although the cause of this phenomenon is
currently not known, we speculate that reduced
nuclear lamin expression may be useful as a
marker of malignancy.

We are grateful to Larisa Ravitskaya and Anne Washington for
technical assistance, and to Mary Felder for assistance with
manuscript preparation. HJW is an Irma T Hirsch Scholar and
was also supported by a grant (R01-CA66974) from the
National Institutes of Health.
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