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Abstract-The sera of 71 patients with colorectal cancer were examined for lactosyl- 
sfihingosine-reactive antibody and CEA. Fifteen of those fiatients were studied 
repeatedly over extensive periods of time. The antibody was determined by the semiquu- 
ntitative radioimmunoabsorption technique using lactosylsfihingosine-fiolyacrylamide 
conjugate and [‘551]-labelled anti-human ZgC. Excessive antibody levels were invari- 
ably found in serum samples of all 39 patients who were examined before or within 2 
months after surgery. Serum samfiles of certain patients became negative for the Presence 
of high antibody levels usually between 3 and 6 months after surgery. This occuwed in 
13 out of 41 operated patients. The follow-up study revealed that 11 such fiatients have 
been free of any signs of cancer relapse ufi until the time of the follow-up examination, 
i.e. for 12-28 months, mean 19 months. In contrast, only 4 out of 28 Batients who 
remained positive for the excessive antibody longer than 2 months after surgery are at 
present free of the disease. The high antibody levels which persist more than 6 months 
after surgery are almost always associated with cancer recuwences or metastases. This 
was true for 21 out of 22 such patients. The high levels of the antibody preceded other 
signs of cancer relapse, including increased concentrations of CEA in about 40% of the 
operated patients. 

INTRODUCTION 

IMMUNODIACNOSIS of cancer is a rapidly 
expanding field. The detection of circulating 
antibodies to tumor or tumor-associated 
antigens is potentially a sensitive and simple 
technique. The first such antibodies to be 
reported were against common antigens of 
melanoma [ 1,2] and osteosarcoma[ 1,3]. Sub- 
sequently, circulating antibodies to other 
tumor-associated antigens in a number of dis- 
eases were described [4-8]. In addition, ele- 
vated titers of antibodies against supposedly 
oncogenic viruses and virus-associated 
antigens were reported in patients with various 
kinds of malignancies [9-121. Further evidence 
for the humoral response possible to tumor or 
tumor-associated antigens is provided by the 
presence of circulating immune complexes 
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[KS, 141 or autoantibodies [15, 161 in patients’ 
sera. Antigens expressed at the surface of 
tumor cells may in some instances reduce titers 
of pre-existing antibodies, as is the case with 
breast cancer and anti-T antibody, i.e. against 
Thomsen-Friedenreich antigen [ 171. 

Lactosylceramide is a simple glycosphin- 
golipid which is a normal membrane com- 
ponent of most mammalian cells but ac- 
cumulated in certain tumors [18-211. Previously 
we reported the presence of increased amounts 
of IgG reactive with the artificial lactosyl- 
sphingosine-polyacrylamide conjugate in sera 
of patients with gastrointestinal and uterine 
cancers [21-231. These patients were examined 
prior to or within the three weeks following 
surgery. Here we report the antibody levels in 
a larger group of patients with colorectal 
cancer who were examined also at various 
times after surgery, some of them serially. 

MATERIALS AND METHODS 

The sera were randomly selected from the 
collection of the Institute of Oncology in War- 
saw. They were stored at -20°C. A total of 154 
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serum samples from patients with histologically 
proven colorectal cancer were investigated. All 
samples were coded. The patients ranged in 
age from 25 to 80 years with a median of 56 

years. For the detailed description of cases see 
Legends to Table 1 and Fig. 1. Antibodies 
reactive with lactosylsphingosine-polyacryl- 
amide conjugate were determined by the 

Table 1. LactosvlsBhinaosine-reactive antibodv and CEA in sera of fiatients with colorectal cancer 

Sera 
No. 

of cases 

Lactosylsphingosine- 
reactive antibody 

Positive Negative 
CEA 

Positive Negative 

Unoperated cases 16. 16 0 10 6 

Examined within 2 months 
after surgery 14t 14 0 2 12 

3-6 months after 
surgery 91 6 3 2 7 

7-18 months after 
surgery 175 15 2 8 9 

*Carcinoma cob, 8; carcinoma recti, 5; carcinoma sigmae, 3. 
tcarcinoma recti, 9; carcinoma coli, 3; carcinoma sigmae, 2. 
$Carcinoma recti, 5; carcinoma coli, 4. 
§Carcinoma recti, 10; carcinoma sigmae, 4; carcinoma cob, 2; carcinoma caeci, 1. 

4 5 6 7 U 7 9 15 19 22 41 43 45 53 55 57 59 66 71 

Months after opemtion 

Fig. 1. Lactosylsphingosine-reactive antibody and CEA in sera of patients with colorectal cancer examined at various 
times after surgery. - Lactosylsphingosine-reactive antibody; --- CEA; 5_ -surgery; u-cancer recurrence. (A) 
Carcinoma recti, 50-year-old male; (B) carcinoma coli, 49-year-old male; (C) carcinoma recti, 64-year-old male; (D) 
carcinoma coli, 49-year-old male; (E) adenocarcinoma sigmae, 72-year-old male; (F) carcinoma recti, 71-year-old 
male; (C) carcinoma rectosigmoidei, 39-year-old male; (H) carcinoma recti, 45-hear-old female, twice operated on; (I) 
carcinoma recti, 42-year-old female; 7.5 months after surgery tumor spread to the liver; (J) carcinoma coli, 35-year-old 
male; inoperable cancer recurrence diagnosed 8.5 months after surgery; (K) carcinoma recli, 65-year-old female; 3 
months after surgery tumor #read fo the liver; (L) adenocarcinoma sigmae, 69-year-old female; inoperable cancer 
recurrerue diagnosed 8 months after surgery, and tumorsfiread to the liver; (M) carcinoma caecum, 65-year-old female; 
cancer recurrence diagnosed 9 months after surgery and operated on for the second time; (N) carcinoma sigmae, 
55-year-old female; inoperable cancer recurrence diagnosed 44 months after surgery; (0) carcinoma recti, 68-year-old 

male; ino@erable cancer recurrence diagnosed 60 months after surgery. 



Lactosylsfihingosine-reactive Antibody 619 

semiquantitative sandwich radioimmunological 
technique as previously described [23], using 
the same batches of the conjugate and anti- 
human IgG. Briefly, 0.1 ml of serum and 
0.5 mg of lactosylsphingosine-polyacrylamide 
conjugate were incubated with slow stirring for 
1 hr at 37°C and subsequently for 24 hr at O- 
4°C. The residue was then washed four times 
with 5 ml portions of 0.01 M phosphate buffer, 
pH 7.1, containing 0.5 M NaCl, and a fifth time 
with NaCl-free buffer. Next, the residue was 
treated with 50~1 of the buffer and 20~1 of 
anti-human IgG [rz51] of goat containing 
0.02 j&i of radioactivity. Samples were in- 
cubated overnight at 0-4”C with gentle stirring 
and subsequently washed as above. The 
radioactivity in the residue was measured on a 
Packard counter (model 5360). Normal values 
of the antibody in blood donors amounted to 
1253 + 318 countslmin (540-1988 countslmin) 
[23]. Samples were considered positive when 
they exceeded the mean normal value by more 
than 1590 counts/min (318 X 5). Carcinoembry- 
onic antigen was determined with the aid of 
Abbott kits as described by the manufacturer. 

RESULTS 
The results of single analyses performed on 

sera from 56 patients are presented in Table 1. 
Sera of the patients before surgery and of 
those examined within two months after sur- 
gery invariably exhibit elevated antibody levels. 
Normal levels of the antibody were observed 
only in certain patients examined more than 2 
months after surgery. 

In the follow-up study, three patients whose 
sera contained normal levels of lactosylsphin- 
gosine-reactive antibody between 3 and 6 
months after surgery were still well in March 
1981 (11.5, 12 and 18.5 months respectively 
after surgery). Among 6 patients of this group, 
but with elevated antibody levels, 3 were also 
found free of any signs of cancer relapse for 
17,20 and 28 months respectively. In two other 
patients, metastases to the liver were diagnosed 
at the 11th and 12th months after surgery. 
Follow-up data on the 6th patient are not 
available. 

One of the patients with normal titers of 
lactosylsphingosine-reactive antibody 
determined between 7 and 18 months is styi 
well after an additional 22 months (35 months 
after surgery). All track of the other patient has 
been lost. Thirteen patients with elevated 
antibody titers had local cancer recurrence 
or metastases within 11-29 months (mean 
16 months) of surgery. Four of them died. In 

10 of these patients the diagnosis of cancer 
recurrence was made roughly at the time of 
testing for lactosylsphingosine-reactive anti- 
body, but in 3 patients the positive antibody test 
preceded other symptoms of cancer by 5, 10 
and 18 months respectively. The serum of one 
patient was positive for increased titer of lac- 
tosylsphingosine-reactive antibody at the 1 lth 
month after surgery, yet the patient is still well 
after an additional 14 months. Follow-up data 
on one patient with a high level of the antibody 
between 7 and 8 months are not available. 

Figure 1 shows the results of serial deter- 
minations of the antibody levels in 15 operated 
patients. In those who were free of any clinical 
symptoms of cancer recurrence or of meta- 
stases, the antibody level declined between 3 and 
6 months (Fig. 1, A, B, C, D, E, F, G and M) 
and stayed within the normal range (Fig. 1, B, 
E, F and G). Tumor relapse or an unsuccessful 
operation were always accompanied by elevated 
titers of the antibody (Fig. 1, H, I, J, K, L, M, N 
and 0). In several instances the elevated anti- 
body preceded other symptoms of cancer 
recurrence, including high levels of CEA (Fig. 
1, H, I, J, K, L and M). In two cases the fall of 
the level of lactosylsphingosine-reactive anti- 
body was observed after initiation of chemo- 
therapy at the 11th and 44th months after 
surgery (Fig. 1, H and N respectively). In one 
patient the antibody level was normal at the 7th 
month after surgery and then rose again (Fig. 1, 
M). The patient was operated on a second time 
and again the antibody declined, but only after 
an additional 11 months. 

In the follow-up study, 6 patients have been 
found well for 12-26 months after surgery 
(mean, 20 months) (Fig. 1, B, C, D, E, F and G). 
These were the same patients who originally 
exhibited low levels of lactosylsphingosine- 
reactive antibody between 3 and 6 months after 
surgery. One patient with low antibody titers 
relapsed after 19 months (Fig. 1, A). The 
patient who was operated on twice is still well 
32 months after the first surgery (Fig. 1, M). 

DI!XXJSSION 
In our previous study we tested for lactosyl- 

sphingosine-reactive antibody in 162 normal 
people and 115 patients with various neoplastic 
and non-neoplastic diseases [23]. Only those 
with gastrointestinal cancer (21, lOO%), uterine 
cancer (8, lOO%), extensive skin burns (7, 70%) 
and autoimmune hemolytic anemia (2, 20%) 
exhibited elevated antibody titers. The sera of 
11 patients with breast cancer and 15 patients 
with ulcerative colitis or gastric and duodenal 
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ulcers were all negative. Recently we have also 
examined the sera of 9 patients with lung 
cancer which all exhibited normal antibody 
levels (J6iwiak and Kogcielak, unpublished 
data). Results on patients with other kinds of 
neoplastic diseases were indecisive, owing to 
the fact that some of them were treated with 
cytostatic drugs and the groups were small. 
Thus our test for lactosylsphingosine-reactive 
antibody seem to be positive only with certain 
types of cancer. 

Here we examined 154 more sera of 71 
patients with colorectal cancer and found them 
all positive, providing that the tests were per- 
formed either before or within two months of 
surgery. Therefore, our test should be more 
sensitive than the titer of CEA, which is ele- 
vated only in 62% of the unoperated patients. 

More than 2 months after surgery, serum 
samples of certain patients became negative for 
the presence of high antibody level. The com- 
bined data of Table 1 and Fig. 1 suggest that 
prognosis should be favorable rather for 
patients with normal levels of lactosylsphin- 
gosine-reactive antibody as found within 3 to 6 
months of the surgery and beyond this period. 
Eleven out of 13 patients of this group survived 
for 12-28 months after operation (mean 19 
months) and were still well at the time of the 
follow-up study. The recurrence of cancer 
occurred only in two patients. Elevated anti- 
body levels within 3 to 6 months after surgery 
may not necessarily be a poor prognosis omen. 
Indeed, 3 out of 11 patients of this group 
recovered quite well. These findings can be 
readily explained on the assumption that the 
rate of decline of the antibody level after suc- 
cessful surgery may vary among different in- 
dividuals. The remaining 8 patients had later 
cancer recurrence or metastases. Our data 
show that high levels of lactosylsphingosine- 
reactive antibody which persist more than 6 
months after the operation are usually asso- 
ciated with cancer recurrence or metastases. 
Only one out of 22 such patients is presently 
free of any symptoms of cancer. It is, however, 

debatable whether this patient should be 
treated as ‘false positive’. His serum was tested 
for the antibody at the 11th month after sur- 
gery. It may be that the level of the antibody in 
this patient declined at a slower rate or the 
recurrence of cancer was imminent. 

In summary, it may be stated that high levels 
of the lactosylsphingosine-reactive antibody in 
both operated and unoperated patients are 
most likely associated with active tumor growth. 
Thus our test may be valuable for the detec- 
tion and monitoring of patients with colorectal 
cancer. Obviously the test should not be ap- 
plied to patients subjected to chemotherapy. 

The possible value of the test for monitoring 
operated patients is highlighted by the fact that 
in about 40% of them the elevated levels of 
antibody preceded other symptoms of cancer 
recurrence, including increased concentration 
of CEA, by 2-18 months (mean 6.5 months). 

It should be pointed out that the cause of the 
formation of lactosylsphingosine-reactive anti- 
bodies is unknown. The antigenic stimulus may 
be provided by lactosylceramide or other 
antigens [23]. Antibodies to a number of car- 
bohydrate structures are known to occur in 
normal sera [24]. 

It would be interesting to know the level of 
lactosylsphingosine-reactive antibodies in 
adenomas and polyps of the large bowel, which 
may be precancerous [25]. We studied only two 
such patients. One was initially diagnosed as 
suffering from benign adenoma, and later 
from adenocarcinoma. The titer of the anti- 
body was already elevated at the first examina- 
tion. In another patient who had a polyp of the 
rectum, the level of the antibody was normal. 
This patient remained in perfect health for 26 
months of observation. This problem clearly 
requires a separate study. 
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