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Carbonic anhydrase isoenzyme IX, MN/CA IX, is a
recently discovered member of the carbonic anhy-
drase (CA) gene family with a suggested function in
acid-base balance, intercellular communication, and
cell proliferation. Increased expression of MN/CA IX
has been observed with certain epithelial tumors. We
investigated the expression of MN/CA IX in 69 colo-
rectal neoplasms, consisting of 1 juvenile polyp, 8
hyperplastic polyps, 39 adenomatous lesions, 21 car-
cinomas, and 7 metastases. Tissue sections were im-
munostained with a monoclonal antibody specific to
MN/CA IX. The proliferative activity of the tumor cells
was evaluated by Ki-67 antigen immunoreactivity. The
hyperplastic polyps showed a weak or moderate re-
action for MN/CA IX only in the cryptal epithelium, as
did the normal intestinal mucosa. The adenomas
showed immunoreactivity mainly in the superficial
part of the mucosa, whereas the distribution in the
carcinomas and metastases was more diffuse. Com-
parative immunostaining of serial sections for Ki-67,
a well established marker of cell proliferation, con-
firmed that MN/CA IX is expressed in areas with high
proliferative capacity. Our results show abnormal
MN/CA IX expression in colorectal neoplasms, sug-
gesting its involvement in their pathogenesis. The
co-occurrence of MN/CA IX and Ki-67 in the same
tumor cells indicates its potential for use as a marker
of increased proliferation in the colorectal mucosa.
(Am J Pathol 1998, 153:279-285)

The carbonic anhydrases (CAs) catalyze the interconver-
sion of carbon dioxide and bicarbonate. They participate
in a variety of physiological processes that involve pH
regulation, CO, and HCO4~ transport, and water and
electrolyte balance.'™® There is now reliable evidence for

seven distinct CA isoenzymes with catalytic activity. They
are expressed in many organs, including those of the
gastrointestinal tract, in which they function as important
components of regulatory pathways, maintaining physio-
logical equilibrium.*~"

The novel membrane-associated CA isoenzyme CA IX
was initially described as a tumor-associated membrane
antigen (MN). Recently, it was reported to contain an
extracellular domain with the essential structural features
and activity of CAs.2 It was originally detected in the
human cervical carcinoma cell line HelLa and in a number
of human carcinomas but not in the corresponding nor-
mal tissues. The expression of MN/CA IX in vitro is posi-
tively regulated by the cell density and correlates with the
tumorigenic phenotype of hybrids between Hela and
normal human fibroblasts.® Expression of MN/CA IX in
NIH3T3 cells promotes cell proliferation.® An immunohis-
tochemical study of cervical carcinomas and a polymer-
ase chain reaction-based survey of renal cell carcinomas
identified a close association of MN/CA IX expression
with these neoplasias and suggested its potential utility
as a tumor biomarker.'3

MN/CA IX has been detected in normal gastric, intes-
tinal, and biliary mucosa.” Immunohistochemical analysis
of the normal large intestine revealed moderate staining
in the proximal colon, with the reaction becoming weaker
distally. The staining was confined to the basolateral
surfaces of the cryptal epithelial cells, the area of greatest
proliferative capacity. As MN/CA IX is much more abun-
dant in the proliferating cryptal epithelium than in the
upper part of the mucosa, it may play a role in control of
the proliferation and differentiation of intestinal epithelial
cells.

Cell proliferation increases abnormally in premalignant
and malignant lesions of the colorectal epithelium, and
therefore it is considered as an indicator of colorectal
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Table 1. Summary of the Immunohistochemical Staining for MN/CA IX in the Normal Colorectal Mucosa, Colorectal Tumors, and

Metastases of Colorectal Carcinomas

Mean MN/CA IX SF

Mean MN/CA IX DE

Mean MN/CA IX

n (median, range) (median, range) SF/DE
Normal epithelium 16 0(0,0-0) 03 (0, 0-1) 0
Hyperplastic polyps 8 0.1(0,0-1) 1(1,0-2) 0.1
Adenomatous lesions 39 1.1(1,0-2) 5(0, 0-2) 2.3
SD 13 0.9 (1,0-2) 2 (0, 0- 2) 4.5
MD 19 1.3(1,0-2) 6 (10, 0-2) 2.2
GD 8 1.0 (1,0-2) 7(1,0- 2) 1.7
Malignant lesions 21 1.2(2,0-2) 3(2,0-2) 1.0
Grade | 6 1.7 (2,1-2) 5(2, 1-2) 1.0
Grade I 9 1.1(2,0-2) 2 (2, 0-2) 0.9
Grade |lI 6 0.8 (1,0-2) 8(1,0-2) 1.0
Metastases 7 0.6 (0,0-2) 6 (0, 0-2) 1.0

SF, superficial epithelial staining; DE, deep epithelial staining; SD, slight dysplasia; MD, moderate dysplasia; GD, grave dysplasia.

tumor progression.’*'® A nuclear protein, Ki-67, has
been reported as a reliable marker of cell proliferation in
the gastrointestinal mucosa.'®"”

In the present study, we performed a comparative
analysis of MN/CA IX and Ki-67 expression in colorectal
tumors. The results allowed us to propose a potential
value of MN/CA IX as a marker for cell proliferation in the
colorectal mucosa. The increase and abnormal localiza-
tion of MN/CA IX expression observed in some colorectal
tumors suggests that it may be functionally involved in
their pathogenesis.

Materials and Methods

Specimens

We studied 69 colonic lesions from 60 patients, including
8 hyperplastic polyps, 1 juvenile polyp, 39 adenomas,
and 21 adenocarcinomas. Seven metastases of colorec-
tal adenocarcinomas were also analyzed, including six
mesenteric lymph node metastases and one liver metas-
tasis. The adenomatous lesions included 18 tubular, 11
tubulovillous, and 4 villous tumors. The grade of dyspla-
sia was low in 13 lesions, moderate in 19, and high in 8.
Some tumors showed varying dysplasia or adenomatous
and invasive histology in the same lesion. There were

three patients with familial adenomatous polyposis dis-
ease from whom two samples were analyzed, one from
the cecum and the other from the rectum.

The group of 21 malignant colorectal tumors consisted
of 6 well differentiated, 9 moderately differentiated, and 6
poorly differentiated adenocarcinomas. There were 6 ad-
enocarcinomas with a mucinous component. There were
2 carcinomas of stage A in Dukes’ classification, 10 at
stage B, 7 at stage C, and 2 at stage D. The primary
lesions had been isolated from the right colon (n = 13),
transverse colon (n = 19), descending colon (n = 8),
sigmoid colon (n = 13), and rectum (n = 16).

Preparation of the Samples

The tissue samples were obtained together with routine
histopathological specimens taken during colonscopies
and surgical operations for colonic tumors carried out at
Oulu University Hospital. The study was approved by the
Research Ethics Committee of Oulu University Hospital.
The samples were fixed with 4% formaldehyde in 0.1
mol/L phosphate-buffered saline and embedded in para-
fin. Sections of 5 um were mounted on gelatin-coated
microscope slides. Routine histological examination was
carried out after hematoxylin and eosin (H&E) staining of
the sections.

Table 2. Summary of the Immunohistochemical staining for Ki-67 in the Normal Colorectal Mucosa, Colorectal Tumors, and

Metastases of Colorectal Carcinomas

Mean Ki-67 SF Mean Ki-67 DE Mean Ki-67
n (median, range) (median, range) SF/DE
Normal epithelium 16 0 (0, 0-0) 0.9 (1,0-2) 0
Hyperplastic polyps 8 0 (0, 0-0) 2.0(2,2-2) 0
Adenomatous 39 1.7 (2,1-2) 0.5(0,0-2) 3.4
lesions
SD 13 1.7 (2,1-2) 0.2 (0,0-1) 8.5
MD 19 1.6 (2,1-2) 0.5 (0,0-2) 3.2
GD 8 1.9 (2,1-2) 1.1(1,5,0-2) 1.7
Malignant lesions 21 1.8(2,1-2) 1.5(2,0-2) 1.2
Grade | 6 2.0(2,2-2) 1.7 (2,1-2) 1.2
Grade |l 9 1.9 (1.5,1-2) 1.7 (1.5,1-2) 1.1
Grade |lI 6 1.4 (1,0-2) 1.2(1,0-2) 1.2
Metastases 7 0.6 (1,0-2) 0.6 (1,0-2) 1.0
SF, superficial epithelial staining; DE, deep epithelial staining; SD, slight dysplasia; MD, moderate dysplasia; GD, grave dysplasia.
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Figure 1. Immunohistochemical staining of a hyperplastic polyp for MN/CA
IX (A) and Ki-67 (B). A positive reaction for MN/CA IX is seen in the
basolateral surfaces of the cryptal epithelial cells. The nuclear staining for
Ki-67 is located mainly in the cryptal epithelium (arrow). Original magnifi-
cation X330, (A) and X100 (B).

Antibodies and the Immunostaining Method

The monoclonal antibody M75 recognizing the amino-
terminal domain of MN/CA IX protein has been described
previously by Pastorekové et al.’® As the secretory isoen-
zyme CA VI is not expressed in the gut® but has the
greatest homology to MN/CA 1X,° a previously described
polyclonal anti-CA VI serum'®2° was used for negative
control staining. Additional controls were obtained by
omitting the first antibody from immunostaining. Sections
were immunostained according to the biotin-streptavidin
complex method as described previously.” The intensity
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Figure 2. Immunohistochemical demonstration of MN/CA IX (A) and Ki-67
(B) in colonic adenoma (low dysplasia). Immunoreactions to both MN/CA IX
and Ki-67 are mainly localized in the superficial epithelial cells. The (arrow)
marks the border of the normal and adenomatous mucosa. Original magni-
fication, X100 and X330 (inset).

of staining for MN/CA IX was scored by two of the inves-
tigators (J. Saarnio and T.J. Karttunen) on a scale of 0 to
2 as follows: 0, absent or weak focal reaction; 1, weak
reaction; 2, moderate to strong reaction. The distribution
of immunoreactivity between the superficial and deep
parts of the mucosa was recorded separately.

To assess proliferative activity, the serial sections were
stained with primary antibody to Ki-67 (clone MIB-1,
PharMingen, San Diego, CA) and detected by a biotin-
streptavidin-peroxidase system, and the sections were
counterstained with Harris’ hematoxylin. The number of
MIB-1-positive cells was counted (by J. Saarnio and T.J.
Karttunen) in both the superficial and the deep half of the
mucosa. All positively stained nuclei, regardless of inten-
sity, were regarded as positive. An approximation to the
Ki-67 score (labeling index) was obtained for each sam-
ple as the percentage of tumor cells counted that had
positively stained nuclei.
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Figure 3. Immunohistochemical staining shows
that most cells in a mucinous adenocarcinoma
are intensively positive for MN/CA IX (A) and
Ki-67 (B). Original magnification X400.

Sixteen samples containing areas of normal mucosa
were used to calculate the control labeling index for
Ki-67. The mean value of the score for the proliferative
zone of the normal mucosa was 37% with a 95% confi-
dence interval from 28% to 46%. To allow comparison
with plasma-membrane-associated MN/CA IX, the immu-
noreactivities of the nuclear Ki-67 were adjusted to the
same scale of 0 to 2, on which O represents less than 28%
(weak staining), 1 represents 28% to 46% (moderate
staining), and 2 represents more than 46% (strong staining).

Results

An outline of the MN/CA IX and Ki-67 immunoreactivities
estimated in the colorectal lesions is presented in Tables
1 and 2. The intensity of MN/CA IX immunostaining was
compared with Ki-67 in the superficial and deep parts of
the lesions. There was a significant correlation between
MN/CA IX and Ki-67 immunoreactivity for superficial (C =

Figure 4. Immunohistochemical demonstration of MN/CA IX in an adeno-
carcinoma with moderate differentiation. Note a focal expression of MN/CA
IX protein (arrow). Original magnification, X200.

0.30, P < 0.01) and for cryptal (C = 0.31, P < 0.01)
staining (Spearman).

Normal Mucosa

Sixteen samples contained normal mucosa in which
MN/CA IX staining was generally quite weak or absent.
The staining was localized to the basolateral plasma
membrane of the cryptal epithelial cells, and it was also
these cells that showed high Ki-67 immunoreactivity. Oc-
casional epithelial cells in the superficial mucosa ex-
pressed Ki-67 (mean, 3%), whereas no reaction was
detected for MN/CA IX.

Nonneoplastic Polyps of the Large Intestine

The expression of MN/CA IX was studied in one juvenile
polyp and eight hyperplastic polyps. The immunostaining
of juvenile polyp for MN/CA IX was negative. Most hyper-
plastic polyps showed a weak or moderate reaction only
in the deep parts of the cryptal epithelium (Figure 1), and
two of them did not show any immunoreactivity at all.
There were no differences in staining intensity between
the proximal and distal polyps. The cryptal cells also
showed an intense immunoreaction for Ki-67.

Adenomatous Polyps

The 39 adenomatous lesions were obtained from 30 pa-
tients, including 3 with familial adenomatous polyposis
disease. No staining for MN/CA IX was found in eight
lesions (20%), which were located mainly in the distal
part of the colon and rectum. Nineteen lesions (49%)
showed weak staining and twelve (31%) a moderate to
strong reaction, located mainly in the basolateral plasma
membrane of the superficial epithelium (Figure 2). The
MN/CA-IX-positive lesions were evenly distributed along
with the cranial-caudal axis of the large intestine. No
differences in the immunoreactivity were observed be-
tween the adenomas obtained from patients with familial
adenomatous polyposis and sporadic adenomas.

There were 13, 19, and 8 lesions showing low, moder-
ate, or severe dysplasia, respectively. In the group with
low dysplasia, eight lesions stained for MN/CA IX in the
superficial part of the mucosa but only two in the cryptal
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MNJ/CA IX AND KI-67 IN ALL ADENOMAS
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area as well. Furthermore, 17 adenomas with moderate
dysplasia were stained superficially, whereas the cryptal
epithelium was also positive in 9 lesions. Six of the eight
adenomas with severe dysplasia gave a positive signal.
The staining for MN/CA IX was more diffuse in these more
dysplastic adenomas, all of which expressed it in the
superficial epithelium and five in the cryptal area. Differ-
ences in the staining intensity, however, were not statis-
tically significant (Mann-Whitney test).

The correlations between Ki-67 and MN/CA X expres-
sion in the superficial and deep parts of the lesions are
summarized in Figure 5. Both markers show an extension
in staining from the crypts to the surface in adenomatous
lesions relative to the normal epithelium.

lesions. Dotted rectangles denote the reference
area of the normal epithelium (see Materials
and Methods).

Malignant Lesions

The material included 21 malignant colorectal tumours, 6
well differentiated adenocarcinomas, 9 moderately differ-
entiated, and 6 poorly differentiated. The stage accord-
ing to Dukes’ classification was A in 2 carcinomas, B in
10,Cin7,and D in 2.

No staining for MN/CA IX was observed in 5 carcino-
mas (24%), whereas 6 (29%) showed a weak positive
reaction and 10 (47%) a moderate to strong reaction. The
immunostaining was localized to the plasma membrane
of the tumor cells. Interestingly, the most intense signals
were seen in five of the six adenocarcinomas with a
mucinous component (Figure 3). Staining intensity did

MN/CA IX AND KI-67 IN ALL CARCINOMAS
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Dotted rectangles denote the reference area
of the normal epithelium (see Materials and
Methods).
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not correlate with the location of the carcinoma, but it
showed a trend to correlate with the histological grade,
being higher in the well differentiated tumors. The mean
staining intensities were 1.7, 1.2, and 0.8 in grades 1, 2,
and 3, respectively (grade 1/grade 3, P = 0.05, Mann-
Whitney). Similarly, the mean staining intensity was
higher (1.5) in less advanced tumors (Dukes A plus B,
n = 12) than in more advanced ones (1.0; Dukes C plus
D, n = 9; P < 0.047, Mann-Whitney test). The MN/CA IX
staining was generally diffuse, being present in both the
superficial and deep parts of the mucosa (Figure 4). A
diffuse staining pattern was also characteristic of Ki-67.
Interestingly, desmoplastic connective tissue in the ma-
lignant lesions occasionally showed prominent immuno-
staining for MN/CA IX (not shown).

The data on simultaneous expression of Ki-67 and
MN/CA IX in superficial and deep parts of the malignant
lesions are summarized in Figure 6. Both the superficial
and deep parts of the mucosa seem to stain for both
antigens more intensely in malignant tumors than in the
normal mucosa, with only a few exceptions.

We studied six mesenteric lymph node metastases of
colorectal carcinoma and one liver metastasis. Three of
six lymph node metastases were positive in the same
manner as their primary tumors. The liver metastasis and
its primary carcinoma also showed an intense immuno-
reaction for MN/CA IX.

Discussion

An adenoma-carcinoma morphological model has been
proposed that involves a sequence of histological
changes from a normal colonic epithelium through be-
nign adenomas that become increasingly dysplastic and
finally develop into cancer.?’ Colorectal cancers typically
develop over decades and appear to require several
genetic events for the completion of the malignant phe-
notype.?*2® One important consequence of these ge-
netic aberrations is that cell proliferation is abnormally
increased in premalignant and malignant lesions of the
colorectal epithelium. '

MN/CA IX is a transmembrane protein that is widely
expressed in the gastrointestinal tract.” When its full-
length cDNA was cloned, this was found to contain a
central part with sequence homology to the CAs, on
which basis it was thought to participate in the regulation
of carbon dioxide homeostasis like the other CAs.®?°
However, this protein has some unique features that sug-
gest a role in intercellular communication or cell prolifer-
ation: it shows cell-density-dependent expression in
Hela cells,'® it promotes cell proliferation when trans-
fected into NIH3T3 cells,® and it is localized to the baso-
lateral membranes of polarized epithelial cells.” More-
over, expression of MN/CA IX is closely associated with
certain human carcinomas.'"'® The purpose of our in-
vestigation was to study MN/CA IX expression in colorec-
tal tumors and metastases and to correlate it with the
biological behavior of the tumors.

Several important aspects of MN/CA IX expression
emerged from this investigation: 1) hyperplastic polyps

showed immunoreaction in the cryptal area, as reported
earlier in normal mucosa,” 2) MN/CA IX was more wide-
spread and abundant in the surface epithelium of ade-
nomas, 3) the staining pattern was more diffuse in carci-
nomas than in benign lesions, 4 of all the carcinoma
samples, the most prominent reactions were observed in
the tumors with a mucinous component, and 5) the des-
moplastic connective tissue of some malignant lesions
revealed an intense immunoreaction. Furthermore, the
results confirmed that MN/CA IX is expressed on the
basolateral membranes of enterocytes in hyperplastic
polyps and adenomas, whereas it was the polarized ex-
pression of MN/CA IX on cell surfaces that was affected
in carcinomas.

To demonstrate more precisely the association of
MN/CA IX expression with proliferation, we used immu-
nohistochemistry for Ki-67, which is one of the most reli-
able markers of cell proliferation.'” Ki-67 and MN/CA X
were co-expressed in the same area in these lesions,
suggesting that MN/CA IX expression is indeed related to
cell proliferation.

In summary, the present results show that the majority
of colorectal tumors display abnormal expression of
MN/CA IX, suggesting its involvement in their pathogen-
esis. Furthermore, the co-occurrence of MN/CA IX and
Ki-67 at the site of rapid cell proliferation indicates that
MN/CA IX could be used as a biomarker of increased cell
proliferation in the colorectal mucosa. High expression of
MN/CA IX in premalignant lesions such as adenomas
suggest that it might be useful in early diagnosis of colo-
rectal tumors.
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