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OBJECTIVE: The discovery of antibodies against carcinoem-INTRODUCTION

bryonic antigen (CEA) in patients with digestive cancers, in . ) . . .

the late 1970s, initiated a number of studies on the role of @'¢inoembryonic antigen (CEA) is a glycoprotein that was
these antibodies in patients with cancers of the Gl tract. Ou\n'tIally isolated by Gold and Freedman in 1965 (1). Its

aim was to determine the prevalence and prognostic signi]‘r—nOIeCUIar weigh:[) is 180,000 D It hag a h.igh carbohydrgte
icance of the IgG and IgM anti-CEA antibodies in the serumcontent {-40—75%) and contains multiple immunoglobulin

of patients with colon cancer. domains (2). CEAis acell adhesion molecule and a member
of a large, closely related family of molecules sharing many
METHODS: Using an enzyme-linked immunoassay, the ser&common epitopes (3, 4). CEA is capable of binding to an
of 58 colon cancer patients were examined for the presenc0-Kb Kupffer cell receptor by the peptide sequence
of carcinoembryonic antigen (CEA) and for circulating an- PELPK, and stimulates cytokine production. Cytokines in-
tibodies against the CEA (anti-CEA). An inhibition assay duce sinusoidal endothelial cells to express intercellular

was carried out for the determination of the specificity of theadhesion molecules and increase adhesion of the tumor cells
IgG and IgM anti-CEA antibodies. (5). Recent studies in rodents have shown that CEA may be

directly involved in the malignant transformation process by
RESULTS: The CEA was elevated=10 ng/ml) in only 12  plocking the terminal differentiation in rodent myoblasts
patients (20.6%). Anti-CEA IgM and/or IgG antibodies vitro. In addition, tumor-released CEA is believed to be one
were detected in 46 patients with colon cancer (79.1%). Irof the factors involved in cancer metastases (6). To avoid
the control group (n= 28), 10% of the individuals had the effects of the excessive CEA concentration observed in
detectable amounts of IgG and/or IgM anti-CEA antibodies patients with certain malignancies, a number of studies have
Patients with detectable amounts of circulating IgM anti-been designed that aimed to minimize the CEA concentra-
CEA antibodies (n= 14, 30.5%) had a statistically signif- tion in the blood circulation. Trials up to now have concen-
icantly better 2-yr survival compared to the rest of thetrated on the chemical synthesis of antibodies, or part of
patients p = 0.017). The IgM anti-CEA antibodies can also antibodies (mABs or Fabs), that would be able to recognize
be used as an independent prognostic factor in these patiertsd destroy the CEA molecules in the circulation and,
(p = 0.0323). therefore, prevent the spreading of the tumor cells (6—8).

CEA is over-expressed in a wide variety of human ma-

CONCLUSIONS: In this study, a high number of colon cancer |ignancies, including colon cancer (9, 10). Elevated CEA
patients have CirCUlating anti-CEA antibodies in their S€rajeyels have also been reported in a small percentage of
These may be used as diagnostic markers and as indepgsitients with nonmalignant diseases of the colon, liver,
dent prognostic factors. In addition, the presence of thespancreas, and lungs (11, 12). Although a large number of
antibodies in the patients studied is associated with bett%atients with cancer of the large bowel have elevated serum
prognosis and significantly increased 2-yr survival. It wasCEA levels, the serum CEA levels may be normal in many
also found that the anti-CEA antibodies (IgG and IgM) arecolon cancer patients, especially in the early stages of dis-
more sensitive markers than CEA. These findings underlinease (12-15).
the biological importance of the anti-CEA antibodies and  Until recently, it was not known whether CEA can evoke
provide additional information on their potential use asan antibody response in the tumor bearing host. In 1967,
markers of the immune status in patients with colon cancerGold (16) mentioned the existence of circulating antibodies
(Am J Gastroenterol 2000;95:1056-1061. © 2000 by Am.against CEA in patients with digestive system cancers and in
Coll. of Gastroenterology) pregnant women. This was challenged by a number of
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researchers who claimed that these anti-CEA antibodies amark) were coated with 0.5 mg/100 ml CEA preparation (5
actually anti—blood group antibodies or antibodies of lowug of CEA/well) and incubated fol h at37°C. The plates
specificity (12, 16—18). Recently, however, the presence ofvere then washed and incubated foh at37°C with 100
anti-CEA antibodies has been described in a large number gil/well of a 3% phosphate-buffered saline (PBS)—bovine
colon cancer patients. These antibodies were found to be aerum albumin (BSA) solution, to prevent nonspecific bind-
high specificity and to have a high titer in the sera of canceing. After further washing of the plates with a1 PBS,
patients, although their prognostic significance remainedSA 1%, TWEEN 0.5% solution, 100l of the sera of the
unknown (17, 18). patients was added per well at a 1/100 dilution and incu-
The major aims of this study were: 1) to study the prev-bated at 37°C for 1 h. After washing the plates, 10®f a
alence of IgG and/or IgM anti-CEA antibodies in patients peroxidase-labeled antihuman IgG and IgM immunoglobu-
with colon cancer, and 2) to determine whether the presenda (Sigma, St. Louis, MO) was added per well at a dilution
of circulating anti-CEA antibodies is associated with a bet-1/1000 fa 1 h at37°C. Detection of the conjugated 1gG or
ter survival. IgM anti-CEA antibodies was done with the peroxidase
method using O-phenylenediamine as the substrate for the
production of a yellow color. The reaction was terminated
MATERIALS AND METHODS with concentrated hydrochloric acid (0.1 N). The enzymatic
Patients activity was then examined by immediately measuring the

This was a prospective Study conducted in the First Departabsorbance at 492 nm. For the formation of the curve for the
ment of Propedeutic Surgery, of the Athens Medical School€stimation of the concentration of I9G and IgM anti-CEA
Athens, Greece. Sera were preoperatively obtained from 58ntibodies in the sera of the patients, different dilutions of
consecutive patients (28 female and 30 male) with histologi€at I9G and IgM, varying from 1/10 to 1/50, were used.
ically confirmed colon cancer, before the administration of T0 study the specificity of the anti-CEA antibodies, an
any type of treatment. The mean age of the patients was 68hibition assay was used. Sera samples of the patients at
yr and the median was 68.5 yr, indicating a normal distri-1/50 dilution were preincubated at 37°G fbh with a series
bution. The minimum age observed in the group examine®f dilutions of pure antigen (concentrations 0—gg/ml).

was 35 yr and the maximum 93 yr. The follow-up time was These sera were then added to an ELISA plate coated with
=2 yr. CEA (5 ng/well). The subsequent steps were the same as

Among those patientsl e|ght (1376%) were Dukes StagHTOSE described above for the ELISA method. Results in this
A, 22 (37.84%) stage B, 24 (41.28%) stage C, and foucase were expressed as inhibition of the total anti-CEA
(69%) Stage D. All patients had a Comp|ete Surgica| re.actiVity. In bOth cases (ELISA and the InthItIOI’l assay), a
moval of the primary tumor. Stage C patients received3% bovine serum albumin (BSA) solution was used as the
standard adjuvant chemotherapy, whereas stage D patierfi§gative control.
received therapeutic chemotherapy. In both cases, a 5-flu-

orouracil and leucovorin regimen was administrated to thes&tatistical Analysis .
patients. Cumulative survival curves were calculated with the

As negative controls, we used the sera of 28 healthy bloo#@plan-Meier method. Univariate analysis comparing the
donors (16 male and 12 female) aged 37—79 yr, with &/arious patient subgroups was performed with the log-rank
median age of 67 yr. Of the 28 blood donors, 17 werefest. Multivariate analysis was performed using the Cox
smokers. Each serum sample was divided into aliquots anenpodel of proportional hazards relation to incorporate all the

stored at—20°C until tested. variables that were found significant in the univariate anal-
ysis. Values ofp < 0.05 indicated statistical significance
Methods (13).

Isolation and purification of human CEA was obtained from The parameters that were statistically examined for cor-
metastatic colon cancer tumors, following the same procerelations were the 2-yr survival of patients with IgG and/or
dure described by Konstadoulales al. (19). The purified IgM anti-CEA antibodies, the elevated CEA levels in the
CEA preparation led to the isolation of a protein with sera of the patients, and the grade and stage of disease.
molecular weight of 180,000 D, which was completely freeBecause only a small number of patients were Dukes stage
of contamination. A and D (eight and four patients, respectively), patients
Determination of the CEA was performed using anwere categorized according to their stage. Two groups were
ELISA method kit (Abbott, North Chicago, IL) (19). The obtained, one with all Dukes A and B patients and one with
detection of IgG and IgM anti-CEA antibodies in the sera ofall Dukes C and D patients.
the patients was done by performing an enzyme-linked The x? test was carried out for the determination of
immunoassay (ELISA) specially modified for the detectionstatistically significant differences comparing the smoking
of anti-CEA antibodies. This method has been previouslystatus, CEA concentration, and presence of anti-CEA anti-
described by Konstadoulakis and Burtin (18, 19). Briefly,bodies (IgG and/or IgM anti-CEA) between the patients and
96-well, flat-bottom microplates (NUNC, Roskilde, Den- the control group. For the determination of differences in
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Table 1. Presence of CEA and Anti-CEA 1gG and/or IgM 1.1
Antibodies in the Sera of Colon Cancer Patients and Healthy 1.0
Individuals )
Patients Controls 2
(n = 58) (n = 28) p Value 8
CEA =10 ng/ml 12/58 (20.6%)  0/28 (0%) 0.0073 7
1gG anti-CEA 14/58 (24%) 1/28 (3.6%)  0.0063 .6
antibodies > .5 [CEA]/ug/ml
IgM anti-CEA 13/58 (22.4%)  1/28 (3.6%)  0.0025 g 4 - z10
antibodies i 3 = <10
IgG and IgM anti-  19/58 (32.7%)  1/28 (3.6%)  0.00097 10 0 10 20 30 40 50 60

CEA antibodies

Months

Figure 2. Comparison of the survival between colon cancer pa-
age and gender between the two groups, two tests Welgnts with circulating CEA values=10 ug/ml and <10 ug/ml.
carried out: the test for proportion for the former, and thepPatients with low CEA values<(10) had a better 2-yr survival,
Mann-Whitney U test for the latter (21). Furthey? tests  although not statistically significant.
were carried out to determine the association between the
presence of IgG and/or the IgM anti-CEA antibodies and<10 ng/ml in all cases. Three individuals (10.8%) had
age, sex, Dukes stage, grade, and recurrence rate in tdetectable amounts of anti-CEA antibodies in their sera.
group of patients (19, 21). One patient (3.6%) had IgG anti-CEA antibodies, one
(3.6%) had IgM anti-CEA antibodies, and one (3.6%) had
RESULTS both (Table 1). .

The group of patients and the control group were well
Of the 58 patients examined, 12 had increased CEA levelmatched regarding smoking statps< 0.856), gendem(=
in their sera (20.6%) and 46 (79.1%) had detectable amount667), and agep(= 0.433). These two groups were Ssig-
of 1I9G and/or IgM anti-CEA antibodies. Of the 46 patients nificantly different in the CEA concentratior=(0 ng/ml)
with CEA concentrations<10 ng/ml, 14 (24%) had detect- (p = 0.0073) and the presence of Ig@ € 0.0063), IgM
able IgG anti-CEA antibody levels, 13 (22.4%) had detect{p = 0.0025), or both anti-CEA antibodiep & 0.00097)
able IgM anti-CEA antibody levels, and 19 (32.7%) had(Table 1).
both IgG and IgM anti-CEA antibodies in their sera (Table 1). Using they? test it was determined that the presence of

In the control group (n= 28), CEA concentrations were IgG and/or IgM anti-CEA antibodies was not significantly

Cumulative Proportion Surviving (Kaplan-Meier)
C Complete + Censored

o--; O
o 0,9 . ?E—L o
s o ;
’ 5
£ 07 o
2 0
T 06 o
3 °
K] 05 O snmeneain .
=1 L. e ! B
g o+
3 h
© oal S e ++
03 : : — Stage Dukes A+B
"0 10 20 30 40 50 60 70 go 7 Stage Dukes C+D
Time
Months

Figure 1. Comparison of the survival between patients with different colon cancer stages (Kaplan-Meier). Patients with stage A and B he
a better 2-yr survival compared to stage C and D patients.
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Table 2. Prognostic Factors in Colon Cancer Patients Examinedhe patients, this difference was not statistically significant

in This Study (76%vs 50%p = 0.06, Fig. 4).

Parameter Patients Univariate Multivariate ~ Multivariate statistical analysis was also carried out for
CEA every factor examined in this study. It was determined that
<10 ng/ml 46 NS NS the only independent prognostic factors were the stage (

=10 ng/ml 12 0.006) and the existence of IgM anti-CEA antibodips<(
Sex 0.0323).

male 33 NS NS

female 25
Stage (Dukes)

A+B 29 p = 0.0005 p = 0.006 DISCUSSION

C+D 28 . .
IgM anti-CEA 13 p = 0.018 p =0.0323 Elevated blood CEA concentrations have been reported in a
IgG anti-CEA 14 p = 0.057 (NS) NS number of different neoplasms, particularly those of the Gl
IlgM and IgG 19 NS NS system (10, 13, 14). Although CEA is valid tumor marker

anti-CEA for the follow-up of colon cancer patients, its use in diag-
NS = not significant o > 0.05). nosis is limited because of its frequent elevation in a number

of nonneoplastic disorders (10, 13). In addition, there is a
associated with age, Dukes stage, or grade: in eachiase significant number of colon cancer patients with no detect-

0.05. able blood CEA levels (13, 15, 17). For this reason we
examined the prevalence and prognostic significance of

Survival circulating 1gG and IgM anti-CEA antibodies in the colon

From the univariate analysis, Dukes stage=(0.0005, Fig.  cancer patients.

1) and the presence of IgM anti-CEA levegs= 0.018, Fig. Of the 58 colon cancer patients examined, a large number

2) proved to be the only statistically significant prognostic(46) had detectable amounts of circulating IgG and or IgM
factors (Table 2). With regard to CEA concentration, it wasanti-CEA antibodies in their sera. The presence of IgG
determined in this study that CEA cannot be used as anti-CEA antibodies did not statistically correlate with bet-
prognostic factor in colon cancer patiengs= 0.069). ter survival = 0.057). However, from the Kaplan-Meier
Patients with detectable amounts of IgM anti-CEA anti-curve it can be seen that patients with anti-CEA IgG anti-
bodies in their sera had a better 2-yr survival compared tdodies in their sera had a better survival after the first 8
those who were negative (56.5%43.75%,p = 0.018, Fig. months of the follow-up compared to those patients who
3). Although patients with IgG anti-CEA antibodies in their were anti-CEA negative (Fig. 2). Hence, there is always the
sera also had a better 2-yr survival compared to the rest gfossibility of achieving a statistically significant difference
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Figure 3. Comparison of the survival between colon cancer patients, with and without circulating 1IgG anti-CEA antibodies. It can be see

that after the first 8 months of the follow-up, patients with detectable amounts of IgG anti-CEA antibody in their sera had a better surviv:
compared to the rest of the group.
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Figure 4. Comparison of the survival between colon cancer patients, with and without circulating IgM anti-CEA antibodies. Patients with
detectable amounts of IgM anti-CEA antibodies had a statistically significant better 2-yr survival.

if a larger number of patients is examined and followed-up In summary, in this study we were able to show that the
for a longer period. presence of circulating anti-CEA antibodies, especially of
Patients with IgM anti-CEA antibodies in their sera, hadthe M isotype, in colon cancer patients, correlates with a
a statistically significant better 2-yr survival, compared withstatistically significant better survival. It was also deter-
the rest of the patientp(= 0.017, Fig. 1). In the multivar- mined from the multivariate statistical analysis that the IgM
iate statistical analysis, it was determined that IgM anti-anti-CEA antibodies, apart from being associated with better
CEA antibodies § = 0.0323), together with stage (= prognosis in patients with colon cancer, can also be used as
0.0005) were the only independent prognostic factors in ouindependent prognostic factors. These findings indicate the
patient group. This indicates that these antibodies may regiological significance of these antibodies in colon cancer
resent a useful marker of the immune response of the pgatients.
tient. Patients with a normally functioning immune system Further studies are required for the determination of the
produce anti-CEA antibodies and have prolonged survivalbiological mechanism that leads to the generation of the
A large number of patients with normal CEA levels had anti-CEA antibodies in some healthy individuals, and their
increased anti-CEA IgG and/or IgM antibody concentra-correlation with other markers of the immune status of
tions in their sera (n= 46, 79.1%). The presence of anti- cancer patients.
CEA antibodies in these patients may be due to the lack of
release of CEA from the tumor in the circulation, whereas _ -
eprint requests and correspondenceM. M. Konstadoulakis,

the immune cells are exposed to noncirculating antigens ble” Ph.D.. Kalvou 24. P. Psichico, 154 52, Athens, Greece.
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