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Abstract

To clarify the events related to complement-mediated immune responses in human colorec-
tal cancers, we immunohistochemically examined the distribution of decay-accelerating factor
(DAF), CD59/homologous restriction factor 20 (HRF20), membrane cofactor protein (MCP) and
terminal complement complex (TCC) in human colorectal adenomas and cancers, and then com-
pared the findings with their distribution in normal colonic mucosa. In the normal mucosa, TCC
was not present on epithelial cells. Whereas DAF and CD59/HRF20 were present only occasion-
ally on the apical surfaces of normal epithelial cells, MCP was diffusely distributed on the basolat-
eral surfaces of most epithelial cells of the colon. These findings suggest that MCP has a primary
role in the regulation of complement activation on these cells. In adenoma cells, the expression
of both DAF and CD59/HRF20 was enhanced. In cancer cells, the expression of CD59/HRF20
and MCP was diminished, whereas DAF expression was markedly enhanced. Since DAF was
frequently stained in the lumen of the cancer glands, it was suggested that DAF was released into
the colonic lumen in patients with colorectal cancer.
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Distribution of Complement Regulatory Proteins, Decay-Accelerating
Factor, CD59/Homologous Restriction Factor 20 and Membrane
Cofactor Protein in Human Colorectal Adenoma and Cancer

HIROSHI INOUE, MOTOWO MIZUNO*, TOKUROU UESU, TORU UEKI AND TAKAQO TSUJI

First Department of Internal Medicine, Okayama University Medical School, Okayama 700, Japan

To clarify the events related to complement-
mediated immune responses in human colorectal
cancers, we immunohistochemically examined the
distribution of decay-accelerating factor (DAF),
CD59/homologous restriction factor 20
(HRF20), membrane cofactor protein (MCP) and
terminal complement complex (TCC) in human
colorectal adenomas and cancers, and then
compared the findings with their distribution in
normal colonic mucosa. In the normal mucosa,
TCC was not present on epithelial cells. Whereas
DAF and CD59/HRF20 were present only occa-
sionally on the apical surfaces of normal epithelial
cells, MCP was diffusely distributed on the
basolateral surfaces of most epithelial cells of
the colon. These findings suggest that MCP has
a primary role in the regulation of complement
activation on these cells. In adenoma cells, the
expression of both DAF and CD59/HRF20 was
enhanced. In cancer cells, the expression of
CD53/HRF20 and MCP was diminished, where-
as DAF expression was markedly enhanced.
Since DAF was frequently stained in the lumen of
the cancer glands, it was suggested that DAF
was released into the colonic lumen in patients
with colorectal cancer.

Key words: complement regulatory protein, decay-
accelerating factor, membrane cofactor protein,
homologous restriction factor 20, colorectal cancer

he development of malignant tumors elicits cell-
mediated and humoral factor-mediated immune
responses against tumor cells as part of several host
defense mechanisms, and various therapeutic modalities
utilizing these responses have been studied (1). Among
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the humoral factor-mediated responses, the complement
system is a major effector pathway. The complement
system has classically been implicated as a defense
mechanism against infection by microorganisms and
parasites, but the possibility that it participates in host
immune responses to cancers also should be considered
(2).

Recently, several membrane-bound molecules that
regulate complement activation have been identified:
Decay-accelerating factor (DAF, CD55) inhibits the for-
mation of C3/ C5 convertases and promotes their
catabolism (3, 4). Membrane cofactor protein (MCP,
CD46) is a cofactor for factor [-mediated cleavage of C3b
and C4b (5). CD59/homologous restriction factor 20
(HRF20) inhibits the formation of terminal complement
complex (TCC) by preventing the binding of C9 to C5b-8
(6, 7). Knowledge of the distribution of these comple-
ment regulatory proteins is important to understand the
complement-related immune responses to human cancers.
Although the expression of these molecules in human
malignancies, especially hematological malignancies has
been reported (8-11); reports on colorectal cancers are
limited (12, 13). In this study, to help elucidate the
events related to the complement-mediated immune
responses in human colorectal cancers, we immunohisto-
chemically examined the distribution of DAF, CD59/
HRF20, MCP and TCC in human colorectal adenomas

and cancers.
Materials and Methods

Tissues. Tissue specimens of normal colonic
mucosa and the tumor of the colon were obtained by

endoscopic biopsy, polypectomy or surgical resection
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from 12 patients (8 men and 4 women; mean age, 61
years) with colorectal adenomas and 13 patients (7 men
and 6 women; mean age, 61 years) with colorectal can-
cer, respectively. Informed consent was obtained from
each patient. Samples were collected from the tumor
lesion and from the unaffected mucosa at least 5¢m
distant. Fourteen specimens of histologically normal
mucosa were examined as controls. Of the 12 adenomas,
9 were tubular and 3 were tubulovillous. The diameter of
the adenomas ranged from 3 to 22mm. Five adenomas
were located in the right, and 7 in the left side of the
colon. Of the 13 cancers, 4 were well differentiated and 9
were moderately differentiated adenocarcinomas. Two
cancers were located in the right, and 11 in the left side
of the colon. The stage of the tumors, according to the
modified Dukes’ classification of the Gastrointestinal
Tumor Study Group of the National Cancer Institute (14),
was: A m—2), B(n=4), and C (n="7). None of the
patients had liver metastasis.
Immunohistochemistry.  The tissue specimens
were fixed in periodate-lysine-paraformaldehyde fixative
(15), and cryostat sections were stained using an indirect
peroxidase-labeled antibody method. The following
mouse monoclonals were used as primary antibodies:
1C6 antibody to DAF (IgG1 isotype, Wako Pure Chemi-
cal Industries, Osaka, Japan, and a gift from Prof.
Teizo Fujita, Fukushima Medical College, Fukushima,
Japan) (4); 1F5 antibody to CD59/HRF20 (IgGl
isotype, a gift from Prof. Hidechika Okada, Nagoya
City University, School of Medicine, Nagoya, Japan)
(7); J4-48 antibody to MCP (IgGl isotype, IM-
MUNOTECH S.A., Marseilles, France) (16); and aF11
antibody to a C9 neoepitope of TCC (IgG2a isotype,
Dako, Glosrup, Denmark) (17). After incubation with
the primary antibodies, the sections were incubated with
horseradish peroxidase-labeled Fab’ fragments of rabbit
anti-mouse immunoglobulins, prepared as described pre-
viously (18), and then with diaminobenzidine containing
hydrogen peroxide. The stained sections were counter-
stained with methyl green, dehydrated and mounted.
The expression of the antigens in the normal and
neoplastic epithelia was evaluated semiquantitatively:
Antigen expression was scored (2-+) when specific stain-
ing was detectable on more than half the normal or
neoplastic epithelia in the section, (1+) when specific
staining was detectable but in less than half, and (—)
when faint or no antigen was detectable. For statistical
analysis, the chi-squared method was used.
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Results

DAF. 1In 9 of 14 non-neoplastic normal mucosae,
DAF staining was observed occasionally in small foci of
the apical surface of colonic epithelial cells (Fig. 1A); and
it was negative in the remaining 5. In contrast, in 6 of 12
adenomas and 10 of 13 colorectal cancers, DAF staining
was enhanced on the luminal surface of the neoplastic
glands (Fig. 1B, C). This was more prominent in the
cancer than in the adenoma (Fig. 1B, C, Table 1, P <
0.01). DAF was often stained not only on the luminal
surface but in the lumen of the cancer glands (Fig. 1C).

CD59/HRF20. CD59/HRF20 was weakly
stained in 12 of 14 normal mucosae along the luminal
surface of the epithelial cells in the upper part of most
crypts (Fig. 2A). Tt was also present in stromal cells of
the mucosa. In 7 of 12 adenomas, the expression of this
molecule was enhanced at the luminal surface of the
adenoma gland (Fig. 2B). Of 13 cancers, CD59/HRF20
was stained intensely in 3 along the apical surface of the
cancer cells (Fig. 2C) and weakly in 7 as seen in the
normal epithelia. In the remaining 3, the cancer cells were

Table | Expression of the complement regulatory proteins and
deposition of terminal complement complex (TCC) in normal and
neoplastic colcrectal epithelia

No. of specimens

- + 2+ Total
DAF Normal 5 9 0* 14
Adenoma 0 6 6 2
Cancer 0 3 10 13
CD59/HRF20 Normal 0 2 2% 14
Adenoma 0 5 7 12
Cancer 3 7 3 I3
MCP Normal 0 0 14* 14
Adenoma 0 4 8 12
Cancer 0 8 5 13
TCC Normal 14 0 0 14
Adenoma Il | 0 12
Cancer Il 2 0 I3

2+ : specific staining on more than half of normal or neoplastic
epithelia. | +: specific staining on less than half. —: faint or no
specific staining. DAF: decay-accelerating factor; MCP: membrane
cofactor protein; TCC: terminal complement complex. *p < 0.01,
**p < 0.02.
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Fig. |

Immunohistochemical localization of decay-accelerating factor (DAF). In normal colonic mucosa (A), DAF is present in small foci of

the apical surface of colonic epithelia! cells. In adenoma (B), DAF staining is enhanced along the luminal surface of the adenoma cells. In
cancer (C), intense DAF staining is present on the luminal surface of cancer cells and in the lumen of the cancer glands (arrows).

not stained, but the surrounding connective tissues were
positive for CD539/HRF20 (Fig. 2D, Table 1, P <
0.02).

MCP. MCP was observed on all normal mucosae.
In contrast to the apical and occasional staining of DAF
and CD59/HRF20, MCP was diffusely present on the
basolateral surface of the epithelial cells throughout the
crypts (Fig. 3A). In 8 of 12 adenomas and 5 of 13
cancers, MCP was stained with similar pattern and inten-
sity to the normal mucosa (Fig. 3B); in the remaining 4
adenomas and 8 cancers, MCP was weakly stained (Fig.
3C, Table 1, P < 0.01).

TCC. TCC was not stained in all normal epithelia
(Fig. 4A). In 1 of 12 adenomas and 2 of 13 cancers,
TCC was deposited along the basement membranes of the
tumor gland (Fig. 4B, Table 1).

Discussion

In this study, we immunohistochemically examined
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the distribution of the complement regulatory proteins
(DAF, CD59/HRF20 and MCP) and TCC in normal
and neoplastic human colonic tissues. In the normal
mucosa, the expression of DAF was sporadic, and
CD59/HRF20 was weakly stained, and expression of
both molecules was limited to the apical surface of the
epithelial cells. In contrast, MCP was diffusely distribut-
ed on the basolateral surfaces of normal epithelial cells
throughout the crypt. These findings suggest that MCP
has a primary role in the regulation of complement
activation on the colonic epithelial cells.

We found that TCC was rarely stained on the neoplas-
tic epithelia, suggesting that the colorectal cancer cells
may not inducg significant activation of autologous com-
plement. MCP, which was expressed in neoplastic epith-
elia although at a somewhat decreased level, may protect
the neoplastic cells from TCC deposition. Our findings
are important in complement-mediated immune therapy of
colorectal cancer (2).

Both DAF and CD59/HRF20 are glycosyl-
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Fig. 2  Immunohistochemical localization of CD59/HRF20. In normal colonic mucosa (A), weak linear staining of CD59/HRF20 is visible
along the luminal surface of the normal epithelium in the upper part of the crypt. It is also present in stromal cells of the mucosa. In adenoma
(B), the expression of CD59/HRF20 is enhanced at the luminal surface of the adenoma glands. Intense staining is seen along the apical surface
of cancer cells (C). In another sample (D), connective tissues surrounding cancer cells are stained for CD59/HRF20, whereas the cancer cells

are not.
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Fig. 3 Immunohistochemical localization of menbrane cofactor protein (MCP). In normal colonic mucosa (A), MCP is present on the
basolateral surface of the epithelial cells throughout the crypt. In adenoma and cancer, MCP is stained in a manner and intensity corresponding
to that of the normal mucosa (B; an adenoma), or MCP staining on the neoplastic cells is decreased (C; a cancer).

Fig. 4  Immunohistochemical localization of terminal complement complex (TCC). In normal mucosa (A), there is no deposition of TCC. In
colon cancer (B), TCC is deposited along the basement membranes of the cancer cells.
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phosphatidylinositol (GPI)-anchored membrane proteins
(7, 19, 20), whereas MCP is a transmembrane protein
(5). As to the sorting mechanism for plasma membrane
proteins in polarized epithelial cells, a GPI-membrane
anchor has been suggested as a targeting signal for the
apical surface (21), and our observations are compatible
with this notion.

We found that the expression of both DAF and
CD59/HRF20 was enhanced in adenoma. In cancer,
DAF expression was markedly enhanced, whereas the
expression of CD59/HRF20 was diminished. Shichi-
shima et al. reported a similar profile of DAF and
CD59/HRF20 expression on leukemic cells and suggest-
ed that DAF could compete more effectively than CD59/
HRF20 for the limited number of anchor molecules
available on proliferating leukemic cells (10). This could
also be true of the colorectal cancer cells in this study.
Although the mechanisms involved in the altered expres-
sion of these molecules in colorectal cancer are unknown,
they are almost certainly multifactorial due to the complex
nature of host responses.

The present results suggest that the expression of
complement regulatory proteins was changed during
neoplastic transformation in colorectal epithelia, but these
results differ from those reported by Koretz ef al. (12,
13) in some respects. We found that DAF expression
was weaker in the normal epithelia, and more remarkable
and more frequently enhanced in the neoplastic epithelia.
The inconsistency in these studies could be due to the
different antibodies used or the immunohistochemical
procedures employed, but the differences are more likely
due to the antibodies since discordant expression of DAF
epitopes recognized by different antibodies has been
shown in lung cancer cells (22). We further found that
DAF was intensely and frequently stained in the lumen of
the cancer glands, suggesting the release of DAF into the
colonic lumen. This finding raises the possibility that the
stools of patients with colorectal cancer contain increased
amounts of DAF. We have developed an immunoassay
for DAF and are currently examining whether measure-
ment of stool DAF could be useful in the detection of
colorectal cancer.
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