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MGC-24/CD164 is a sialomucin expressed in many normal and cancerous tissues. In hu-
mans, soluble and transmembrane forms of MGC-24 are produced by alternative splic-
ing. The total MGC-24 RNA level was found to be lower in human colorectal carcinomas
as compared with the adjacent normal mucosal tissues. Lower MGC-24 mRNA levels in
colon carcinomas and in the adjacent normal mucosa epithelium correlate with lym-
phatic vessel invasion by the carcinoma. The ratio of the soluble form to the transmem-
brane form of the mRNA in colorectal carcinomas was determined by ribonuclease pro-
tection assay. Higher ratios were correlated with less venous invasion and less remote
metastasis, which became evident during postoperative observation.

Key words: CD164, colorectal carcinomas, metastasis, sialomucin, vascular invasion.

Mucins and the carbohydrate epitopes they carry play im-
portant roles in intercellular communication. For example,
selecting, a family of carbohydrate-recognizing proteins
that regulate leukocyte trafficking, bind to carbohydrate
epitopes on mucin-like glycoproteins such as GlyCAM-1
and MAdCAM-1 (I-3). Mucin expression also influences
tumor progression and metastasis. The mature form of
MUC-1, which is a mucin molecule with a transmembrane
domain, is expressed more abundantly in colon cancer cells
than in normal mucosal cells, and more in metastatic
lesions than in primary tumors (4). In gastric carcinomas,
patients with MUC-1 positive tumors show a worse progno-
gis than those with MUC-1 negative tumors (5). MUC-1
exerts its effect by suppressing the interaction between
immune cells and target cancer cells, and also by interfer-
ing with the functions of cadherins and integrins leading to
increased mobility of cancer cells (6, 7). On the other hand,
the expression of a soluble mucin, MUC2, is suppressed in
the liver and lymph node metastasis of colorectal carcino-
mas (8). MUC2 antigen expression in gastric carcinomas is
a prognostic factor associated with a favorable outcome in
patients. Furthermore, various carbohydrate epitopes on
mucins influence the metastatic potential of human carci-
nomas (9).

MGC-24 is a sialomucin found as a carrier of peanut
agglutinin-binding sites (T antigen) in human gastric car-
cinoma cells (10). Although MGC-24 was originally de-
scribed in the soluble form, a transmembrane form has
recently been found as a marker of hematopoietic progeni-
tors and bone marrow cells, and has been given the CD
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number CD164 (11, 12). This transmembrane molecule is
thought to regulate hematopoiesis negatively. This study
was performed to clarify whether the ratio of the soluble
form of MGC-24 to the transmembrane form influences the
behavior of colon cancer cells.

MATERIALS AND METHODS

Tumor Specimens—Tumor specimens were obtained
from 92 patients with advanced colorectal carcinoma that
had at least invaded the muscle layer, who underwent sur-
gery at the University Hospital, Nagoya University School
of Medicine. Cases of Recurrence involving tumors too
small to obtain specimens in sufficient amounts, or of non-
epithelial malignancies (e.g. lymphoma and leiomyosar-
coma) were excluded from this study. Informed consent was
obtained from each patient. The average age of the patients
was 61.6 + 10.7. Fifty-one patients were male, and 41 were
female. Table I shows clinicopathological findings of the
tumors used for Northern blotting analysis and ribonu-
clease protection assay. Normal mucosal tissues, which
were separated by at least 10 cm from the carcinoma, were
also collected. To obtain pure mucosal tissues, blunt dissec-
tion at the submucosal layer was performed and the mus-
culoserosal layer was removed. These procedures were
performed immediately after surgical resection. All speci-
mens were frozen in liquid nitrogen as rapidly as possible
and stored at —80°C until RNA preparation.

Clinicopathological Analysis—Liver metastasis and peri-
toneal dissemination were examined during surgery. Re-
sected tumor and lymph nodes were examined microscopi-
cally for pathological diagnosis including histological type,
depth of main tumor invasion, lymphatic and blood vessel
invasion, and lymph node metastases.

RNA Preparation—Total RNA was isolated from frozen
surgical specimens according to the acid-guanidinium iso-
thiocyanate extraction method of Chomczynski and Sacchi
13).
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Northern Blotting Analysis—For Northern blotting, ali-
quots containing about 10 pg of total RNA were electro-
phoresed in 1% agarose/formaldehyde gels and transferred
onto nylon filters. The blots were hybridized with o-¥2P-
labeled DNA probe for MGC-24 or glyceraldehyde 3-phos-
phate dehydrogenase (G3P). The membranes were prehy-
bridized in 50% formamide, 4X SSC, 1X Denhardt’s solu-
tion, 1% SDS, and 100 pg/ml salmon sperm DNA at 42°C
for 1 h, and then hybridized with a-*P-labeled DNA
probes for 12 h under the same conditions useqd for prehy-
bridization. The MGC-24 probe was a 2.4 kb BamHI-digest-
ed cDNA fragment of MGC-24(10) in the SK(-) vector
[PMGC-24SK(-)] labeled with a Multiprime labeling kit
(Amersham). The G3P DNA probe was a 435 bp fragment
amplified by PCR with primers 5-GACCACAGTCCATG-
CATCAC-3" and 5-GTAGCCAAATTCGTTGTCATACC-3.
After hybridization, the blots were washed three times with
2% SSC and 1% SDS at 65°C for 30 min.

Ribonuclease Protection Assay—To analyze alternative
splicing of MGC-24, 43 of the 92 samples (Table I) were
examined by ribonuclease protection assay. A 215-bp cDNA
fragment corresponding to the COOH-terminal region of
MGC-24S (nucleotides 452-666) (10) was amplified by PCR
with the primers 5-AGAGGAATTCAAACCCACAGTT-
CAG-3’ and 5-AGAGCTCGAGACACTAATGGTATCC-3
(nucleotide sequences added to form restriction enzyme
sites are underlined). The amplified DNAs were digested
with EcoRI and Xhol and then ligated into the correspond-

@ @@a@
TABLE 1. Profiles of 92 patients analyzed for the expression
of MGC-24 mRNA by Northern blotting.

Pathological diagnosis No. of cases
Well differentiated adenocarcinoma 7(@3)
Moderately differentiated adenocarcinoma 80 (36)
Poorly differentiated adenocarcinoma 2(1)
Mucinous cell carcinoma 3(3)
Clinicopathological profiles
0 1 2 3 4
H 83 (38) 4 (1) 1(0) 4 (4)
P 90 (41) 0(0) 1 1(1)
M 90 (41) 2(2)
N 52 (23) 24 (10) 7(5) 5(2) 4(3)
ly 12 (D 35 (18) 34 (13) 11 (5)
v 41 (19) 47 (23) 3(2) 1(1)
Region in the colon and rectum
Right side
Cecum 8 4)
Ascending colon 14 7)
Transverse colon 4 (2)
Total 26 (13)
Left side
Descending colon 5 3
Sigmoid colon 12 (6)
Rectum 48 (21)
Proctos 1 (0)
Total 66 (30)

Numbers of cases are shown in the table. Numbers in parentheses
indicate cases analyzed for the ratio of soluble to membrane-bound
form of MGC-24 mRNA. Clinicopathological profiles were assessed
according to the rules established by the Japanese Society for Can-
cer of the Colon and Rectum (16) (H, liver metastasis; P, peritoneal
dissemination; M, other metastasis; n, lymph node metastasis; ly,
lymphatic vessel invasion; v, venous invasion). O is negative and
1-4 are positive; larger numbers show advanced metastasis or
invasion.
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ing sites of pBluescript SK(+). After linearization of the
plasmids with Notl, antisense RNA probes were produced
using T7 RNA polymerase and a-*?P-UTP. The RNA probe
of 283 nucleotides including 68 nucleotides derived from
multi-cloning sites was hybridized with 10 pg of total RNA
in 30 pl of hybridization buffer (80% formamide, 40 mM of
PIPES, pH 6.4, 400 mM of NaCl, and 1 mM EDTA) at 45°C
for 12 h. Free probes were then digested with ribonuclease
in digestion buffer (310 mM Tris HCI, pH 7.5, 300 mM
NaCl, 5 mM EDTA, 40 pg/ml of ribonuclease A, and 2 pg/
ml of ribonuclease T1) for 30 min at 30°C. Protected probes
were separated in denaturing polyacrylamide gels (14).

Radioactivity Quantification—Radioactivity was visual-
ized and quantified using a BAS 2000 Radio Image Ana-
lyzer (Fuji Film). Probe activities and the incubation
periods for each step (prehybridization and hybridization,
membrane wash, and exposure to imaging plates) were
equal in all membranes to allow quantitative comparisons
without membrane bias.

Statistical Analysis—The hybridization signals, quanti-
fied as described, were normalized to the signal of G3P. As
these represent “ratio” values, we used the logarithms of
these values for statistical analysis. The ratio of the soluble
to transmembrane forms was treated in the same way.
Paired t and Z-tests were used to compare carcinoma and
normal tissues. To examine the relationship with the clini-
copathological findings, unpaired ¢-tests were also per-
formed. Calculations were performed using StatView J-4.5
(Abacus Concepts).

RESULTS

Total mRNA Level of MGC-24 in Colorectal Carcino-
mas—We performed Northern blotting analysis of MGC-24
mRNA using the soluble form as a probe (Fig. 1). Since the
size of the transmembrane form of the mRNA is indistin-
guishable from that of the soluble form (11), this method
should have detected the total level of MGC-24 mRNA.
Total MGC-24 mRNA expression was generally lower in
colorectal carcinomas relative to the corresponding normal
mucosa (Fig. 2). Log (intensity of hybridization to MGC-24
probe)(intensity of hybridization to G3P probe) was —0.961
* 0.049 in carcinoma specimens, while the value was
—0.650 * 0.049 in the adjacent normal mucosa. This differ-
ence was statistically significant (p < 0.0001). Further-
more, the level of MGC-24 mRNA in the cancerous tissue
correlates well with that in the adjacent normal tissue (Fig.
2B).

We found no significant differences in total MGC-24
mRNA expression in carcinoma specimens with respect to
stage, the presence or absence of hepatic metastases, lymph
node metastases, or peritoneal dissemination. The only

Patiant 1 Patient2 Patient3 Patient4 Patient 5 Patient 6

] 3 1t 4 atient ati 5
k‘ ‘. d :A —d l‘v | l; »d

Fig. 1. Northern blot analysis to detect MGC-24 mRNA. The
two bands were each inferred to have arisen due to differences in
poly A addition sites (1,610 and 2,420). N, normal adjacent mucosa;
Ca, cancerous tissue. G3P, glyceraldehyde 3-phosphate dehydroge-
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meaningful correlation observed was that carcinomas with
lymphatic vessel invasion had significantly lower MGC-24
levels than those without lymphatic vessel invasion (p =
0.0159) (Table II). Normal tissue from patients with carci-
nomas invading lymphatic vessels also showed lower MGC-
24 values than similar tissues from patients with non-
invading carcinomas (p = 0.0145) (Table II).

Ratio of the Soluble to the Transmembrane Form of
MGC-24 in Colorectal Carcinomas—Since the total MGC-
24 mRNA level yielded only limited information, we next
performed ribonuclease protection assays to determine the
ratio of the mRNA encoding the soluble form to that encod-
ing the transmembrane form. Since the ribonuclease pro-
tection assay requires relatively large amounts of RNA,
only about half of the RNA specimens could be analyzed by
this method (Table I). An example of the ribonuclease pro-

A MGC-24/G3P

0.4

0.3 1

0.2
Nor;aI Car'lcer
mucosa

B MGC-24/G3P in cancer
1

0.1+

0.014

MGC-24/G3P in

normal mucosa
Fig. 2. Relationship between MGC-24 mRNA levels in colon
carcinoma and those in adjacent normal colonic mucosa. A:
The intensity of the MGC-24 signal/the intensity of the G3P signal
was lower in carcerous tissue as compared to the normal adjacent
mucosa (¢-test; p < 0.0001). B: The intensity of the MGC-24 signal/
the intensity of the G3P signal in cancer specimens was correlated
with the intensity in normal adjacent tissues (Z-test: r = 0.757,p <
0.0001).

TABLE II. Lower MGC-24 mRNA levels in colon carcinomas
and the adjacent normal mucosal epithelium as correlated
with lymphatic vessel invasion by the carcinomas.

Log (MGC-24 mRNAWG3P mRNA) in
patients with colon carcinomas that

Sources of RNA
; Invaded lymphatic Did not invade
vessels lymphatic vessels
Colon carcinoma -1.007£0.062 -0.661+0.113
Normal colonic mucosa —0.695+0.063 —0.346+0.087
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tection assay and its scheme are shown in Fig. 3. The ratio
of the soluble to the transmembrane form in cancer speci-
mens also correlates with the value in the adjacent normal
tissue (Fig. 4).

We found that the presence of venous invasion was corre-
lated with a lower soluble/transmembrane ratio (MGC-245/
MGC-24M) in carcinoma (p < 0.05) (Fig. 5A). The value in
the adjacent normal mucosal tissue showed no such corre-
lation (Fig. 5A). Lymphatic vessel invasion showed a simi-
lar correlation, but it was not statistically significant, pro-
bably because the number of specimens was insufficient
(Fig. 5B). The absolute amounts of MGC-24S and MGC-

1 2 3 4

Probe —»
MGC-24S —»

—283 nt
—215nt

MGC-24M—>

—149 nt

nuciectide number 452 800 668
Probe (MGC-24S + Multicloning site)r—r—lfW
L
4 MGC-24S F—

—— 215

— -

149 nt

Fig. 3. Ribonuclease protection assay to determine the ratio
of soluble MGC-24 (MGC-248) mRNA to transmembrane-type
MGC-24 (MGC-24M) mRNA. Protected fragments of the probe
were separated by polyacrylamide gel electrophroresis. Positions of
the probe (283 nt), the protected band of MGC-24S (215 nt), and
MGC-24M (150 nt) are shown by arrows. The shaded area in MGC-
24M shows the translated region with a sequence different from that
of MGC-24S. Lane 1, RNA from normal adjacent mucosa; lane 2,
RNA from cancer, the samples are paired. lane 3, tRNA, lane 4,
probe. Shown below are schemes of the probe, MGC-24S, MGC-24M,
and probes protected from them.

-1 MGC-24M

MGC-24S/MGC-24M in cancer

1.2

0.8 1
0.6 1
0.4 1

0.2 1

0

0 02 04 06 08 1 1.2

MGC-24S/MGC-24M in normal mucosa
Fig. 4. Ratio of MGC-24S/MGC-24M in cancer correlated with
the value in adjacent normal mucosa (Z-test: r = 0.654, p <
0.0001). S, soluble; m, membrane-bound.

2702 ‘T Joqo100 uo Aiseaiun Buped e /6io'sfeuinolpioxoql/:diy woly pspeojumoq


http://jb.oxfordjournals.org/

1106
A
MGC-24SMGC-24M
0.9
0.84
. %W
0.6
v(-) v(+)
o——o cancer
o4 normal tissue
B

MGC-245/MGC-24M
09

ly(-) ty(+)

o——0 Cancer

o---a normal tissue
Fig. 5. Relationship between MGC-24S/MGC-24M values and
tumor invasion. A: The values in cancer are lower in cases with
venous invasion [v(+)) as compared to cases without tumor invasion
[v(—)] (unpaired ¢-test: p = 0.033). B: The value in cancer is also de-
creased in cases with lymphatic vessel invasion [ly(+)] as compared
to cases without lymphatic vessel invasion [ly(—)], but the difference
was not significant (unpaired ¢-test; p = 0.275). S, soluble; M, trans-
membrane.

24M were not correlated with vascular invasion (data not
shown).

Among 36 cases in which no evidence of remote metasta-
sis was detected until surgery, two liver metastases and one
lung metastasis became evident during subsequent obser-
vation. The occurrence of this remote metastasis also corre-
lated with a lower soluble to transmembrane form ratio in
carcinomas (Fig. 6). A similar tendency was also found for
the ratio in normal tissues (Fig. 6).

Finally, we examined whether the ratio of MGC-24S/
MGC-24M or the level of total MGC-24 correlates with the
gite of the carcinoma in the colon and rectum. However, no
significant difference between the values in the distal and
proximal portions, either in the normal region or the can-
cerous region (Table IIT).

DISCUSSION

The total MGC-24 mRNA level was lower in colon carcino-
mas as compared to normal colonic mucosa. Furthermore,
the lower MGC-24 mRNA levels in colon carcinomas were
correlated with a tendency for invasion into lymphatic ves-
sels. The same tendency was also observed in the corre-
sponding normal mucosa. Thus, lymphatic vessel invasion
appears to be influenced by the degree of MGC-24 expres-
sion in normal mucosa. If the level of MGC-24 expression is
genetically determined, this may be a factor affecting pati-
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MGC-24S5/MGC-24M

0.81
0.74
0.61
0.51
0.41
0.3

meta. (-) meta.(+)

o——0 Cancer

o---a normal tissue
Fig. 6. Relationship between MGC-24S/MGC-24M values and
remote metastasis. Among patients who underwent curative sur-
gery, patients with remote metastasis during observation showed
significantly lower MGC-24S/MGC-24M ratios as compared with pa-
tients without remote metastasis during the follow up period. The
difference was seen not only in the cancerous tissue (p = 0.02) but
also in normal mucosa (p = 0.003). S: socluble, M: transmembrane.
meta.(+), metastasis occurred; meta.(—), metastasis did not occur.

TABLE I1I. Possible difference in the MGC-24/G3P value and
MGC-24SMGC-24M value between the right side and the
left side of the colon and rectum.

MGC-24/G3P Right side Left side
Normal 0.297+0.060 0.394+0.0561 p>0.05
Cancer 0.143+0.033 0.198+0.026 p>0.06
MGC-245M Right side Left side
Normal 0.627%0.052 0.761+0.029 p>0.05
Cancer 0.722+0.086 0.747+0.041 p>0.05

The right side and left side are defined in Table I.

ent prognosis.

On the other hand, the total MGC-24 mRNA level is not
correlated with venous invasion or the occurrence of remote
metastasis. Thus, we performed ribonuclease protection
assays to determine the ratio of the soluble to transmem-
brane forms of the mRNA. The occurrence of venous inva-
sion was found to be correlated with a lower soluble to
transmembrane ratio. Since venous invasion precedes
remote metastasis, the correlation of both phenomenon is
considered reasonable.

One remaining question is in which normal cells is MGC-
24 strongly expressed. This point is important when consid-
ering the physiological function of MGC-24 as a whole,
MGC-24M and MGC-24S. Further work along this line is

The transmembrane form of MGC-24 has been suggested
to act as a cell adhesion molecule (11). It is possible that
the transmembrane form also participates in the adhesion
of tumor cells to host tissues, such as blood vessels, and is
involved in tumor metastasis. The soluble form might sup-
press tumor metastasis by counteracting the transmem-
brane form. Furthermore, carbohydrate epitopes in the
soluble form can be speculated to inhibit cell adhesion pro-
cesses based on carbohydrate protein interactions. The
development of immunoassay systems that can discrimi-
nate between the soluble and transmembrane forms of
MGC-24 may provide a way to predict the prognosis of colo-
rectal carcinomas. Furthermore, the introduction of soluble
MGC-24 either as a gene or as a protein may be useful as a
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method for suppressing tumor invasion.

Recently, we have found that mice produce only the
transmembrane form of MGC-24 (15). It is possible that the
soluble form of MGC-24 evolved as a counteractive defense
against tumor invasion.
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