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Elution of cytomegalovirus antibodies from
adenocarcinoma of the colon
ANN GRAIL AND MARY NORVAL

From the Department of Bacteriology, University ofEdinburgh Medical School, Edinburgh

SUMMARY Eluates were prepared by high salt extraction from normal colonic mucosa and
adenocarcinomatous tissue from 28 patients, eight more from unmatched colonic tissue and five
from patients with other gastrointestinal disease. Immunoglobulins were detected by ELISA:
IgG was present in 24% eluates from normal colon and 21% from carcinomas; IgA in 55%
eluates from normal colon and 39% from carcinomas; IgM in 55% from normal colon and 37%
from carcinomas. Cytomegalovirus-specific antibody was found in 15% eluates from normal
colon and in 18% carcinomas. Out of the 28 matched specimens, cytomegalovirus-specific IgG
was detected in one normal and four tumour eluates, specific IgA in two normal and four tumour
eluates, and specific IgM in two normal and two tumour eluates. In two instances
cytomegalovirus-specific antibody was present in the eluates prepared from the normal and
tumour tissue of the same patient. Of those eluates which contained cytomegalovirus-specific
antibodies by ELISA, two were positive by anti-complement immunofluorescence of human
embryo fibroblasts infected with cytomegalovirus strain AD-169. It seems possible, therefore,
that cytomegalovirus antigens on colonic cells may be masked by complexing with anti-
cytomegalovirus antibodies, and may not therefore be detected by techniques such as
immunofluorescence.

Most cytomegalovirus infections of man are asymp-
tomatic although they can occasionally result in
congenital defects, infectious mononucleosis, inter-
stitial pneumonia, hepatitis, and other severe dis-
eases. 1 After the primary infection, the virus persists
in the body by unknown mechanisms and in
unknown sites, although peripheral blood leuco-
cytes seem to represent one cell population from
which virus can be recovered on occasion.
There has been suggestive evidence that cyto-

megalovirus may be involved in the pathogenesis of
certain types of cancer, particularly Kaposi's sarco-
ma,2 carcinoma of the cervix3 and prostate,4 and
adenocarcinoma of the colon. Thus in 1978 Huang
and Roche5 detected cytomegalovirus-DNA by hyb-
ridisation in four of seven patients with carcino-
ma of the colon, while Hashiro and coworkers6
isolated cytomegalovirus from cultured tumour frag-
ments in three of eight cases. More recently,
however, Brichacek and others7 failed to detect
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cytomegalovirus DNA, using DNA-DNA hybridisa-
tion with an estimated sensitivity of 0*3 genome
equivalents per cell, in biopsy specimens from seven
patients with colonic carcinoma. In addition we
failed to confirm an involvement of cytomegalovirus
using hybridisation, immunofluorescence to detect
cytomegalovirus-s3ecific antigens, and by culture of
biopsy specimens. Roche et a19 have looked again
at the role of cytomegalovirus in gastrointestinal
disease and concluded that the virus was detectable
by DNA-reassociation kinetics in a proportion of
colonic cells, including those derived from both
malignant and non-malignant tissue. It was sug-
gested that cytomegalovirus was present in masked
or latent form, and no biopsy specimens were
positive for viral antigens by immunofluorescence.
It is possible that such antigens on the surface of
tumour cells could be blocked by complexing with
antibodies as has been suggested recently.10 Indeed
just such a situation has been described for Herpes
simplex virus-specific antibodies in squamous cell
carcinoma of the uterine cervix in the absence of
apparent infection of the tumour cells by the virus."1
Thus the present study was undertaken to identify
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bound immunoglobulins in normal and adenocarci-
nomatous colonic mucosa, and to identify whether
any was cytomegalovirus specific.

Methods

CLINICAL SPECIMENS
Surgically resected specimens of colon were ob-
tained from the Royal Infirmary, Edinburgh. Diag-
nosis and Duke's stage, where appropriate, was
based on routine pathological examination. Thirty
eight specimens of tumour and 33 of normal colonic
mucosa were collected which included 28 matched
specimens of tumour and normal colon taken from a
region of the gut uninvolved by tumour. The
remaining specimens were six unmatched carcinoma
of the colon, two normal colon mucosa, one Crohn's
disease, one benign adenoma with dysplasia, two
carcinoma of the caecum and one gastric carcinoma
leading into the bowel. All tissues were stored at
-70°C until elution was performed.

ELUTION OF ANTIBODIES
A modification of the method of Boyd and James12
was used. Portions of tissue (0.5-5 g) were finely
chopped and washed three times in 001M phos-
phate buffered saline, pH 7.2 (PBS). Solid material
was further disaggregated in nine volumes of an
enzyme mixture containing 10 mg collagenase B
(Sigma) and 4 mg DNase (BDH) in 100 ml PBS for
20 min at 37°C with gentle stirring. The resulting cell
suspension was removed onto ice and the procedure
repeated twice on any solid material. Cell suspen-
sions were washed five times in PBS and re-
suspended in 5 ml 15% NaCl (pH 7.4) before being
incubated for two hours at 37°C. The eluate was
obtained by centrifugation at 10 000 g for 10
minutes. The sediment was re-extracted with 15%
NaCl as before. Resultant eluates were pooled and
dialysed against 500 ml distilled water for 24 hours
with two changes of water. After centrifugation for
one hour at 36 000 g, the supernatant was concen-
trated 10 times with polyethylene glycol and finally
centrifuged for 30 min at 5000 g. Eluates were stored
frozen at -20°C. Protein estimation was by the
method of Lowry with bovine serum albumin as
standard.

DETECTION OF IMMUNOGLOBULINS BY ENZYME-
LINKED IMMUNOSORBENT ASSAY (ELISA)
The procedure was a modification of the method
described by Bidwell, Bartlett, and Voller.13 The
assay was done on polystyrene, flat bottomed micro
titre plates (Sterilin). Wells were saturated with 50
,ul of 175 gg/ml goat anti-human polyvalent im-
munoglobulins (Sigma) diluted in 005M carbonate

buffer, pH 9*6, for four hours at 37°C, and then
overnight at 4°C. Plates were washed three times
with 0-05% Tween 20 containing 0-9% NaCl. Fifty
microlitres of undiluted eluate was added and the
plates incubated at room temperature for six to eight
hours. After washing again, 50 ,ul of goat anti-
human IgA, IgG, or IgM conjugated with alkaline
phosphatase (Sigma, diluted in 005M PBS contain-
ing 0*05% Tween 20 according to the manufac-
turer's instructions) was added, and the plates
incubated at room temperature. Absorbance at 405
nm was measured with a multiscan (Titertek, Flow).
In each experiment positive controls were myeloma
sera specific for IgA, IgG, or IgM; negative control
values were obtained from the same assay system
but without the eluates (these are shown in the
Table). Values greater than the mean+standard
deviation of the control values were considered
positive. Chi-square tests were used to determine
any significant differences in the detection of im-
munoglobulins in normal and tumour eluates and
with respect to the stage of the tumour. Wilcoxon's
rank sum tests were used to compare the concentra-
tions of each immunoglobulin present in the 28
normal and tumour eluates, and to compare im-
munoglobulin concentrations with respect to the
stage of the tumour.

Detection of cytomegalovirus-specific immuno-
globulins was done in a similar manner but with
cytomegalovirus-infected cell antigen or uninfected
cell antigen (see below) as the initial coating layer.
Antigens were diluted from 400 to 1000 times in
0*05M carbonate buffer pH 9.6 for ELISA. Each
eluate was tested against control antigen and
cytomegalovirus antigen because there may be
antibodies in the eluates which cross react with
antigens from human embryonic fibroblasts. The
mean and standard deviation of eluates tested
against control human embryonic fibroblast antigen
allowed calculation of a positive reaction to cyto-
megalovirus antigen as is shown in the legend to the
Table. Chi-square tests were used to determine any
significant differences in the detection of cytomega-
lovirus-specific immunoglobulins in normal and
tumour eluates, and with respect to tumour stage.
There were too few eluates containing cytomegalo-
virus-specific immunoglobulin to compare the con-
centrations of immunoglobulins in normal and
tumour eluates or with respect to tumour stage.

CYTOMEGALOVIRUS CELL ANTIGEN PREPARATION
Human embryonic fibroblasts at pass 3 to 10 were
grown in modified Eagle's medium supplemented
with 10% fetal calf serum, 100 IU/ml penicillin and
200 ,ug/ml streptomycin. When confluent some cells
were infected with cytomegalovirus, strain AD-169,
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Table Non-specific and cytomegalovirus-specific immunoglobulins as measured by ELISA (Optical Density) in eluates
from colonic adenocarcinoma (1-34), normal colonic mucosa (1-28, 35, 36), Crohn's disease (37), benign adenoma with
dysplasia (38), carcinoma ofthe caecum (39, 40) and gastric carcinoma (41). Cytomegalovirus-specific anti-complement
immunofluorescence ofeluates is also shown (+ positive; - negative) and their protein concentration (mglg wet weight
tissue).

Eluates from carcinoma ofcolon Eluates from normal mucosa

Protein Non-specific CMV-specific Non-specific CMV-specific
Patient Duke's Protein
no stage mglg IgG IgA IgM IgG IgA IgM ACIF mglg IgG IgA IgM lgG IgA IgM ACIF

>2
>2
173
148
1-56
1-22
073
1-35
0-34
1-76
0-32
0-35
0-27
127
0-36
0-29
0-27
0-47
0-46
0-38
0-43
0-38
0-42
0-49
0-45
0-5
035
0-36
0-42
0-41
0-22
1-42
1-71
0-36

1-8
>2
>2
0-36
0-57
0-49
0-71
0-43
0-35
0-68
0-89
0-46
0-27
0-48
0-2
0-44
0-31
0-24
0-41
0-47
0-28
0-23
0-41
0-21
0-29
0-64
0-56
0-29
0-15
0-24
0-18
0-47
0-49
0-31

2-0
0-37
1 41
0-17
0-43
0-43
0-26
0-31
0-25
1-4
0-4
0-39
071
0-34
0-89
0-28
0-57
0-23
0-16
0-28
0-15
0-14
0-17
0-12
0-37
0-28
0-72
0-42
0-19
0-16
0-12
0-43
0-49
0-17

0-98 0-14 0-42
0-44 0-26 0-41
1-55 148 0-39
0-49 0-21 0-13

14 -
0.4 -
182 +
0-12 -
035 -
0-29 -
0-37 -
0-41 -
0-29 -
0-47 -
0-37 -
0-27 -
0-19 -
0-35 -
0-27 -
0-49 -
0-26 -
06 -
0.15 -
0-18 -
0-47 -
0-39 -
0-12 -
0-48 -
0-22 -
0-33 -
0-18 -
0-26 -
0-19 -
0-39 -
0-56 -
0-36 -
0-15 -
0-17 -

0-37 -
0-22 -
0-26 -
0-24 -

0-78
0-2
0-26
0-17
0-58
0-51
0-67
0-54
0-35
0-4
0-76
1-2
1-2
0-52
0-45
0-7
1-1
0-4
0-2
0-31
0-29
0-29
0-39
0-27
0.05
0-63
1-09
0-42

0-89
1-03
0-98
0-32
0-25
0-43
0-39
0-42
0-38
0-35
0-88
0-34
0-27
0-26
0-24
0-44
0-4
0-45
0 39
0-42
0-38
0-44
1-06
0-39
0-45
0-43
0-38
0-29

1-22 0-97
0-31 0-89
0-18 0-35
0-63 1-08

1.23
0-85
025
044
0.43
0-46
0-41
0-33
0-34
0-29
0-86
1 18
0-79
0-79
1-52
0-43
0-98
0-87
0-47
0-87
1-08
0-85
0-8
0-39
0-37
1.01
0-87
0-25

0.91
0-87
0-34
0-86

>2
>2
1.85
0-46
0-27
0-43
1-45
>2
0-37
1-65
1-34
0-79
1-36
0-37
0-78
0-47
1-23
1-39
0-46
1.83
1-5
1-43
0-38
0-37
0-39
0-41
>2
0-49

0-35
0-23
>2
0-37
0-45
0-73
0-21
0-46
0-44
0-36
0-41
0-26
0-14
0-69
0-38
0-53
0-43
0-46
0-73
0-49
0-41
0-34
0-16
0-25
0-28
0-23
0.4
0-22

>2 0-19
037 1-04
0-29 0-56
0-32 0-24

0-17
1-6
0-46
0-29
0-36
0-21
0-37
0-27
0-49
0-42
0-35
0-45
0-36
0-23
0-19
0-62
0-56
0-32
0-77
0-42
0-37
0-45
0-36
0-29
0-34
0-29
1-42
0-29

0.11 -
0-41 -
0-95 +
0-38 -
0-28 -
0-51 -
0-39 -
0-37 -
0-18 -
0-26 -
0-24 -
0-41 -
0-13 -
0-18 -
0-46 -
0-26 -
0-18 -
0-29 -
0-61 -
0-25 -
0-28 -
0-21 -
0-44 -
03 -
0-26 -
0-37 -
1-17 -
0-28 -

0-41 0-42 -
0-96 0-37 -
0-24 0-22 -
0-27 0-15 -

1-6 0-32 0-42 0-95 0-18 0-11 0-96 -

Control values for non-specific antibodies: IgG mean 0-42 standard deviation 0-06
IgA mean 0-39 standard deviation 0-09
IgM mean 0.43 standard deviation 0.07

Control values for CMV-specific antibodies: IgG mean 0.52 standard deviation 0 22
IgA mean 0-54 standard deviation 0-25
IgM mean 0-44 standard deviation 0-18

Values greater than the mean + standard deviation were considered positive; these values are underlined.

at 1-2 plaque-forming units per cell. Infected and infected culture. The monolayers were washed with
uninfected cultures were maintained in medium cold PBS and harvested using glass beads. Cells
containing 2% fetal calf serum at 37°C until adv- (5 x 106) were washed three times in PBS and
anced cytopathic effects were observed in the resuspended in 1 ml glycine buffer (5 parts O-1M

B
C
C
C
C
B
C
A
B
C
A
C
C
C
C
C
B
A
C
A
B
B
B
B
C
C
B
B
B
C
B
C
B
B

0-29
0-64
0-4
0-1
0-09
0-34
0-42
0-31
0-26
0-35
0-42
0-33
0-42
0-2
0-38
0-07
0-14
0-06
039
0-22
0-18
0-08
0-18
0-1
0-15
0-34
0-03
0-3
0-26
1-02
0-12
0-36
0-32
0-38

0-84
0-72
097
0-74
0-37
0-33
0-32
0-72
0-77
0-37
1-14
0-34
0-42
0-38
0-44
0-36
0-35
0-27
0-37
0-46
0-36
0-28
0-4
0-44
0-42
0-31
0-44
0-32
0-26
0-32
0-45
0-35
0-46
0-47

1-17
0-74
0-89
0-77
0-42
0-78
1 81
0-36
079
0-9
0-41
0-92
1-49
0-46
089
0-35
0-45
0-36
0-44
0-35
0-4
0-42
0-37
0-31
0-38
0-42
0-45
0-46
0-41
0-36
0-44
0-94
0-36
0-29

1
2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

0-5
0-27
0-09
0-23

0-24 0-87
0.25 0-36
0-93 0-87
0-34 0-86
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glycine plus 3 parts 0-1M NaOH, prepared on day of
use). They were sonicated for two minutes at 9 kc/s
and stored at -70°C until required.

CYTOMEGALOVIRUS-SPECIFIC ANTI-COMPLEMENT
IMMUNOFLUORESCENCE TEST
Monolayers of human embryonic fibroblast cells
grown on cover slips were infected with cytomegalo-
virus, strain AD-169, and 48 h later were fixed in
cold acetone for 10 minutes. Anticomplement im-
munofluorescence (ACIF) was carried out by the
method of Hart et al.8

Results

Normal colonic mucosa and slices of adenocarci-
nomas were disaggregated with collagenase and
DNase, and 71 eluates prepared from the resultant
single cell suspension after treatment with 15%
NaCl. Protein concentrations of eluates ranged from
0.07-1 mg/ml, mean value 0-48 mg/ml; for carcino-
ma eluates a mean value of 0.28±0.19 (standard
deviation) mg/g of tissue, and for normal eluates
057±0 37 (standard deviation) mg/g of tissue were
found.
Using ELISA, out of 38 specimens of tumour,

IgG was detected in eight eluates, IgA in 15 and IgM
in 14 (Table). Out of 33 specimens of normal colon,
IgG was detected in eight eluates, IgA in 18 and IgM
in 18.
These results indicate that there is no significant

difference in the detection of IgG (24%), IgA (55%)
and IgM (55%) in normal eluates compared with
tumour eluates (21% contained IgG, 39% contained
IgA and 37% contained IgM (0O1<p<05)). There
were no significant differences in the immunoglobu-
lin concentrations of normal and tumour eluates.
When the 28 matched pairs of normal and tumour
eluates from the same patient were compared
(shown in the Table, patients 1-28), five normal and
seven tumour eluates contained IgG, 15 normal and
11 tumour eluates contained IgA, and 15 normal
and 10 tumour eluates contained IgM. These results
also indicate that there is no significant difference in
the detection of IgG, IgA and IgM in the 28
matched eluates. In three pairs of specimens the
same immunoglobulin types were present in both
the normal and tumour eluates, and in five matched
cases no immunoglobulins were detected in eluates
from either normal or tumour tissues.

Cytomegalovirus-specific antibody as measured
by ELISA was found in seven of 38 tumour
eluates and five of 33 normal colon eluates (also
shown in the Table). Comparing the 28 matched
specimens, cytomegalovirus-specific IgG was de-

tected in one normal and four tumour eluates,
cytomegalovirus-specific IgA in two normal and
four tumour eluates and cytomegalovirus-specific
IgM in two normal and two tumour eluates. These
results show no significant difference in the presence
of cytomegalovirus-specific IgG, IgA and IgM in
tumour eluates as compared with normal eluates
(01<p<05). In two instances, cytomegalovirus-
specific immunoglobulins were present in the elu-
ates from both the tumour and normal tissue of the
same patient, although of the same broad immunog-
lobulin class in only one.
The patients from whom the specimens were

obtained had colorectal adenocarcinoma for the
most part, and were grouped histologically accord-
ing to the Duke's system of classification; a few had
other bowel disorders (Table). Four out of 34
patients with colonic carcinoma had Duke's stage A,
14 of 34 had stage B, and 16 of 34 had stage
C. Of the patients with stage A disease, two of
four carcinoma eluates contained detectable im-
munoglobulin; this was IgG in both cases and in one
case IgA was also present. Four of 14 carcinoma
eluates from patients with Duke's stage B were
positive for immunoglobulin; IgG was present in
two eluates, IgA in three eluates and IgM in three
eluates. Eleven of 16 eluates from patients with
stage C disease contained immunoglobulin; IgG was
present in three eluates, IgA in nine eluates and IgM
in eight eluates. These results show no significant
differences in the detection of IgG (19%) (p>05),
IgA (56%) (005<p<01) and IgM (50%)
(01<p<05) in eluates from patients with stage C
disease compared with stage B disease (IgG was
detected in 14% and IgA and IgM were detected in
21% eluates). No significant differences in the
immunoglobulin concentrations were found with
respect to tumour stage.

Cytomegalovirus-specific immunoglobulin was
detected in one patient with Duke's stage A, one
patient with stage B and four patients with stage C.
There is no significant increase in the detection of
cytomegalovirus-immunoglobulin in eluates from
patients with stage C tumour (25%) compared to
stage B tumour (7%) (01<p<05).
Anti-complement immunofluorescence was per-

formed using human embryonic fibroblast cells
infected with cytomegalovirus, strain AD-169, and
uninfected human embryonic fibroblasts as controls.
Eluates prepared from both normal and tumour
tissue of patient number three showed positive
immunofluorescence.
Although the eluates from the colonic tissues

contained varied amounts of protein, the nature of
these, apart from IgA, IgG, IgM and cytomegalo-
virus-specific immunoglobulins was not determined.
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Discussion

Elution of bound immunoglobulin from normal
colonic mucosa and colorectal carcinoma was
achieved by high salt extraction. There were no
significant differences in the detection of IgG, IgA
and IgM in normal and carcinoma eluates: IgG was
present in 24% of normal mucosa eluates and 21%
of carcinoma eluates (p>05): IgA was present in
55% of normal eluates and 39% of carcinoma
eluates (01<p<0-5): IgM was present in 55% of
normal eluates and 37% of carcinoma eluates
(0O1<p<0.5). Detection of IgG, IgA, IgM and
cytomegalovirus-specific immunoglobulin was not
significantly different in eluates from patients with
Duke's stage C compared with eluates from stage B
disease.
MacSween and Eastwood14 found significantly

higher concentrations of IgG in eluates of colonic
carcinoma with regional metastasis than in eluates of
localised tumours. This difference was not apparent
in eluates of corresponding normal tissue, and they
suggested that the increase in IgG was associated
with the metastatic state. Also it has been proposed
that patients with colorectal carcinoma who initially
have higher serum levels of IgG and perhaps of IgA
may have a longer relapse free survival.15 More
recently, all tumours have been reported to contain
IgG and IgA, whereas only 40% contained measur-
able amounts of IgM.16 These differences in im-
munoglobulin detection from the present study may
reflect use of different or larger specimens from
patients or differences in the preparation of eluates.
In addition the ELISA used here employed poly-
valent antiserum as the first layer which may have
resulted in competition for immunoglobulin binding
sites and therefore reduced detection of individual
immunoglobulins. Jones et al16 found less IgA, IgM
and IgG in eluates from colorectal carcinoma than in
normal colonic mucosa. Also there was no associa-
tion between immunoglobulin and the amount of
tumour tissue, necrosis, mucin production and
staging, although it was suggested that tumour
associated IgM accompanied an unfavourable prog-
nosis. In the present study detection of IgG, IgA,
IgM and cytomegalovirus specific immunoglobulin
was not significantly different in stage C disease
compared with stage B. Further interpretation of an
association between immunoglobulins and staging is
prevented by the small number of eluates from
patients with stage A tumour.
There were no significant differences in the

detection of cytomegalovirus specific IgG, IgA and
IgM in the 28 matched samples. The presence of
cytomegalovirus specific immunoglobulin in normal
and tumour eluates suggests that some cells in the

colonic mucosa may be expressing cytomegalovirus
specific antigens on their surfaces to which the
antibodies are binding. It also implies that such
antigens will be blocked and thus escape detection
by such techniques as immunofluorescence. It is of
interest in this context that Roche et al,9 while
showing cytomegalovirus DNA in various colonic
diseases by hybridisation, were unable to show
cytomegalovirus antigens by immunofluorescence.
Only two eluates in our series were positive for
cytomegalovirus antibodies using anticomplement
immunofluorescence of AD-169 infected fibroblasts
which almost certainly reflects the greater sensitivity
of the ELISA method over anticomplement im-
munofluorescence.
The presence of cytomegalovirus immunoglobu-

lins in eluates from both normal and tumour
material suggests that cytomegalovirus infection is
not associated specifically with colonic adenocarci-
nomas. Furthermore, in two cases, such antibodies
were detected in eluates from tumour and normal
colonic mucosa of the same patient. A distinction
was not made between antibody eluted from infil-
trating lymphocytes or from epithelial cells in the
adenocarcinomatous tissue and the normal colonic
mucosa. Immunofluorescence on sections of colon
may resolve this, although recent evidence from
virus isolation and nucleic acid hybridisation would
indicate that the presence of the virus, at least, is not
solely because of infiltrating mononuclear cells
infected with cytomegalovirus.9

It is known that, after a primary infection,
cytomegalovirus persists in a latent form within
man. ' As a number of studies has shown the
presence of cytomegalovirus in the gastrointestinal
tract either in normal patients, those with chronic
diseases such as ulcerative colitis, 17 or in colorectal
adenocarcinoma,5 the gastrointestinal tract has been
suggested as a possible site of latency of cytomegalo-
virus.9 The present study, thus, would also indicate
that cytomegalovirus is found in normal colonic and
adenocarcinoma cells by the detection of cytomega-
lovirus specific immunoglobulins in tissue eluates
from some patients. It cannot be discounted, how-
ever, that some proportion of these cytomegalovirus
antibodies may be sticking non-specifically. Further
work is necessary to establish whether cytomegalo-
virus is associated with transformation of normal
cells to the malignant state in the colon, whether it is
the initiating factor or a cofactor, or whether it is not
involved at all in this process.
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