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ABSTRACT

Hurnan plasma samples were randomly acquired from clinics

in the Sheridan, Wyoming area. These plasma samples were

tested for the amount of Carcinoembryonic Antigen (CEA)

present using a radioimmunoassay. The amount of CEA present 
TMin the samples was quantified using the CEA-ROCHE test kit 

with Clinetics Corporation gel acrylamide columns. The levels 

of CEA in comparison with national levels of healthy indi

viduals were found to be slightly lower. The effects of 

inflammatory disorders found characteristically in patients 

visiting doctors' offices seemed to have a slight effect on 

the amount of CEA present. Particular areas also seem to have 

an effect on the average level of CEA.
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INTRODUCTION

CEA is a glycoprotein produced in large quantities by 

the fetal endoderm. As the individual matures, the production

of CEA in the intestine decreases. When tumors arise in the

gut, especially in the large intestine, CEA production again 

accelerates. This occurs because as the tumor cells begin to 

divide and grow in an uncontrolled manner, as is characteris

tic of cancerous cells, certain genes are derepressed. The 

repression mechanism for CEA is released and it is produced 

in greater quantities. The CEA, present in large amounts in 

the intestine, now spills into the blood. The levels of CEA 

can then be quantified. The levels of CEA become important

because increased levels can be considered indicators of tumor

presence. Monitoring CEA levels in individuals has proven 

useful in determining the effectiveness of a treatment for

these tumors.

In practical applications, it has been found that for 

different individuals, CEA levels may vary widely. Normal 

levels range from 0 - 2.5 ng/ml present, but individuals 

have been found to have base levels outside of this range.

It has also been found that inflammatory diseases, such as 

pulmonary infections, pancreatitis, liver disease and ulcer

ative cholitis give misleading results for CEA levels. For
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these reasons CEA alone is not recommended as a screen to

detect and assure that cancer is present.

I used a radioimmunoassay to quantify the levels of

CEA in patients from doctors' offices in a limited area.

I was concerned with comparing the sample population in that 

limited area with national findings. Of interest also was 

the amount of effect the high incidence of inflammatory dis

orders found in doctors' offices would have on the results.
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LITERATURE REVIEW

CEA Structure and Characterization

Gold and Freedman (6) were the first to discover CEA 

using tumor-specific antibodies. CEA is a glycoprotein (25) 

with a molecular weight of 200,000. Its major amino acid 

residues include asparganine, glutamic acid or glutamine, 

threonine, and serine. The major monosaccharide residue of 

this largely carbohydrate in nature molecule is N-acetyl- 

glucosamin (1, 10, 11, 18, 24). One third of the molecule 

is amino acid in composition. CEA has a sedimentation co

efficient of 6.8 S (24).

CEA has been demonstrated to appear on the luminar surface 

of goblet cells of the intestine. CEA is found in the protein 

synthetic organelles, in the mucus, and on the microvilli of 

goblet cells, which suggests that these cells synthesize the 

antigen and secrete it into the lumen together with the mucus. 

The absence of CEA from intracellular organelles of the colum

nar cells suggests that these cells do not synthesize the 

antigen (1). The most notable difference between normal and 

malignant colonic cells in the distribution of CEA is that 

the antigen is preferentially located on the microvillar 

surface of the normal cells, but on the basolateral as well 

as the microvillar surface of the malignant cells (1). The
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cancerous cell has lost its polar nature of producing CEA.

This nonpolar production of CEA may help it enter the circu

latory system more easily.

CEA is produced in large quantities during fetal life 

by the endodermally derived digestive system (7, 18). The 

concentration of the tumor antigen appeared to be greater in 

lower bowel cancer than in the upper gastrointestinal tract. 

The only other tissues in which CEA could be detected were 

the embryonic and fetal gut, pancreas, and liver in the first 

two trimesters of gestation (7). In the third trimester CEA 

could not be detected in any tissues. CEA is produced by the 

adult only in small amounts (7, 14, 18). Other similar anti

gens are produced by the intestine which could be as useful 

as a tumor marker or more so that CEA for various reasons (8, 

9, 14). These reasons include larger concentrations, and less 

cross-reactivity.

CEA levels are influenced by many factors. For instance, 

the sex (2) and the blood group of the individual has a 

reported effect on the amounts of CEA detected (12, 16, 19). 

Elevated CEA levels have been found also in other cancers, 

especially if the cancerous organ is derived from the endoderm 

Raised CEA levels have been reported with breast cancer (5).

Quantification of CEA

CEA levels can be quantified in two ways. One uses an 

immunoperoxidase detection method (20). The more frequently
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used method is a radioimmunoassay (23). In the radioimmuno

assay the plasma is placed on columns (26) and then the 

antigen is bound to antibody. Radioactively labelled antigen 

is added and binds with unbound antibody. From the amounts 

of this second complex, the original amounts of CEA are 

extrapolated. Z-gel has been found to work well to separate 

antibody-antigen complexes from free antigen for this test 

(9, 13, 21) .

In patients, each person has his own baseline CEA level 

(15, 17). These may vary widely. But if one watches the 

levels over a period of time, important information such as 

treatment success may be determined. Inflammatory disorders 

tend to increase CEA values (18), thus giving false positives 

Smoking also increases CEA levels (22) . Thus CEA levels are

not absolute tumor markers.
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MATERIALS AND METHODS

Plasma Samples Used

The plasma samples used were obtained from the labora

tories of Dr. William Hiller, Dr. Cye Thickman, and Wertz 

Laboratories in Sheridan, Wyoming. The samples were collected 

from a random sampling of patients using these facilities.

The plasma was prepared from blood samples taken as a routine 

part of their visit. The blood samples were processed by the 

medical technologists in the respective labs. The plasma 

samples, once prepared, were frozen. It was this frozen, pre

prepared sample which I received.

CEA Radioimmunoassay Test Kit

The CEA radioimmunoassay test kits used were produced

by Roche Diagnostics in Nutley, New Jersey. The kits were 
TMentitled CEA-ROCHE radioimmunoassay test kit.

Preliminary Preparations

The frozen plasma samples were thawed at room tempera

ture just previously to the testing. Fresh 0.01M acetate

buffer pH 6.7 - 0.1 was prepared by diluting 8 ml 2.5M 
TMacetate buffer, provided in the CEA-ROCHE test kit, and 

bringing it to 2 1 with distilled water. The gel columns 

to be used in the radioimmunoassay were made especially to
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. TMuse with the CEA-ROCHE test kit. These special columns 

used for CEA extraction were produced by Clinetics Corpora

tion in Tustin, California. The columns were Clinetics 

CEA acrylamide columns (CC-100). The gel columns were un

capped by first removing the upper stopper, and then the 

bottom cap, and then they were allowed to drain. After 

these columns had been drained of the old buffer sitting on 

them after uncapping, the fresh 0.01M acetate buffer was 

added. This too was drained away.

Preparation of Plasma, Controls, and Standards

The thawed plasma samples were prepared in duplicate. 

The plasma was diluted by adding 2.0 ml 0.85% physiological 

saline solution to 0.5 ml plasma. The diluted samples were

then mixed on the vortex mixer.

The controls were prepared in duplicate. The 6.8 ng/ml 

control was produced by placing 54.4 ^1 from the 125 ng/ml 

CEA standard and enough 0.85% physiological saline solution 

was added to make a final volume of 2.5 ml. The 14.6 ng/ml 

control was produced by placing 116.8 ;ul of the 125 ng/ml 

CEA standard and enough 0.85% physiological saline solution

was added to make a final volume of 2.5 ml. The controls

were then vortexed.

Duplicate standards were produced. A working EDTA 

buffer was prepared by diluting the EDTA buffer in the CEA 

test kit 1:10, 10 ml EDTA up to 100 ml with distilled water.
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The standards consisted of 6 ml working EDTA buffer with 

varied amounts of CEA. standard (125 ng/ml) added accordingly:

Tube Contained CEA Standard Added

0.0 ng/ml 0 Ail
1.25 ng/ml 10 pi
3.125 ng/ml 25 Pl
6.25 ng/ml 50 pi

12.5 ng/ml 100 Pl
The standards were then vortexed.

Extraction of CEA

Slowly 2.5 ml cold 1.2M perchloric acid was added to the 

dilute plasma samples and controls. They were vortexed for 

5-10 seconds. The samples and controls were centrifuged at 

2500 RPM for 20 minutes. The supernate of each tube was 

poured onto a gel column. The columns were allowed to drain. 

The liquid drained from the columns was discarded. Clean 

labelled test tubes were placed under appropriate columns.

Six ml 0.01M acetate buffer was added to each column and was

allowed to drain through into the test tubes. The test tubes

were removed from under the columns. The columns were washed

six times afterward with 0.01M acetate buffer. On the last

wash, the caps were replaced before the buffer drained away.

Isolation of CEA

To each of the plasma, controls, and standard samples 

12 pi Anti-CEA serum was added. They were vortexed and incu
bated in a water bath at 45°C for 30 minutes. Then the samples
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were taken out 125of the water bath and 25 jul I-CEA serum

was added immediately. They were vortexed and returned to

the water bath

phosphate gel (

for 30 minutes. Then 2.5 ml Hansen zirconyl

^Z-gel) (CEA-ROCHE) was added immediately.

The samples were vortexed and centrifuged at 2500 RPM for 

5 minutes. The supernate was decanted and discarded. Five ml 

0.1M acetate buffer was added to all of the samples. They 

were vortexed and centrifuged at 2500 RPM for 5 minutes. The 

supernate was discarded.

Counting Gamma-Radiation

These samples were transferred to Sheridan Memorial 

Hospital. In the hospital laboratory, the samples' radio

activity was counted on a gamma-scintillation counter. The

results were returned to the lab for tabulation.
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RESULTS

CEA Level Determination 
125The amount of I-CEA present in each sample was de

tected using a gamma-scintillation counter (see Table 1).

From this data standard curves were plotted for each run.

An example of the standard curve derived from this data is 

seen in Fig. 1, which represents the curve from week six.

From these standard curves from each respective week, the 

amount of CEA present in the plasma samples was determined 

(see Table 2). The controls were also determined from the 

appropriate standard curves (see Table 3).

The results of the random sampling of plasma samples was 

seen when the number of people tested was plotted against CEA 

levels rounded to the nearest 0.5 ng/ml. This distribution 

of CEA levels is seen in Fig. 2.

Standard levels of CEA considered as normal range from 

0-2.5 ng/ml. A grey area exists from 2.5 - 5.0 ng/ml. 

Anything above 5.0 ng/ml is highly suspicious, indicating 

possible tumor presence. The data fit into these accepted 

standard ranges as seen in Fig. 3. The mean CEA level for 

the entire population was 1.38 ng/ml. This fits into the 
normal range.
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Gamma-Scintillation Counts for the Presence of 
125I-CEA in the Standard Samples

TABLE 1

Seek
dumber

CEA
ng/ml *CPM *CPM

Mean
CPM

1 0 45257 48504 46880
1.25 36498 36528 36513

3.125 29753 31159 30456
6.25 23808 23820 23814
12.5 18286 19942 19114

2 0 49752 50803 50278
1.25 41601 42464 42302

3.125 23593 34516 29054
6.25 25910 26604 26257
12.5 19699 20785 20242

3 0 41207 41296 41252
1.25 34008 34941 34474

3.125 29146 28976 29601
6.25 24021 24680 24100
12.5 19592 19811 19702

4 0 46104 46353 46228
1.25 39530 36686 38108

3.125 32026 33745 32886
6.25 25889 26432 26160
12.5 20098 20490 20294

5 0 48810 49158 48984
1.25 39035 38552 38795

3.125 31608 32838 32223
6.25 25110 26894 26002
12.5 20711 21682 21196

6 0 40734 40688 40711
1.25 32266 33149 32708

3.125 27377 27342 27360
6.25 22479 21443 21961
12.5 17751 18111 17931

7 0 48471 49778 49124
1.25 41174 41942 41558

3.125 34215 34743 34479
6.25 27304 28134 27719
12.5 21486 21985 21686

*Counts per minute ,
Note: Standard amounts of bI-CEA were added to dupli

cate samples. These were measured on a gamma-scintillation 
counter. The mean was obtained by dividing the sum of the 
individual samples by the number of samples present.
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Fig. 1. Sample of a standard curve used for week 6.
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TABLE 2
125Gamma-Scintillation Counts for the Presence of I-CEA 

in the Plasma Samples and the Amount of CEA Present

Week
Number

Sample
Number *CPM *CPM

Mean
CPM

CEA
ng/ml

1 1 40574 40603 40588 1.48
2 34292 34558 34425 3.60
3 44865 43265 44065 0.50
4 44291 43600 43496 0.48
5 33909 33992 33950 3.80
6 39042 41082 40062 1.50
7 42169 42669 42419 0.84
8 40654 40197 40426 1.46

2 9 43996 43223 43610 2.00
10 47869 48389 48129 0.46
11 43882 44370 44126 1.80
12 47852 45989 46920 0.80
13 49596 48083 48840 0.30
14 46440 43840 45140 1.40
15 45951 45988 45970 1.10
16 41537 42228 41882 2.60

3 17 47839 45840 46840 0.00
18 43994 43899 43964 0.00
19 43648 44055 43852 0.00
20 43514 43912 43713 0.00
21 43607 45248 44428 0.00
22 46099 47094 46596 0.00
23 40082 41967 41024 0.04
24 48155 48169 48162 0.00

4 25 46105 44356 45230 0.34
26 45653 44826 45240 0.34
27 38104 38004 38054 2.80
28 37338 38316 37827 2.90
29 44168 45721 44944 0.36
30 47005 46236 46620 0.00
31 38862 38388 38625 2.46

5 32 41046 44648 42832 1.16
33 38392 40229 39310 2.30
34 42804 42614 42709 1.20
35 39775 40857 40316 1.86
36 42414 40906 41660 1.44
37 46404 45964 46184 0.42
38 42858 44033 43446 1.00
39 45846 47418 46632 0.36
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TABLE 2 (continued)

Week
Number

Sample
Number *CPM *CPM

Mean
CPM

CEA
ng/ml

6 40 36743 35641 36192 1.06
41 29175 27805 28490 5.64
42 38399 38242 38320 0.36
43 33361 34480 33920 2.00
44 38482 38662 38570 0.38
45 32806 32562 32684 2.50
46 23000 22640 22820 11.36
47 38939 39373 39156 0.30

7 48 44075 45654 44864 1.06
49 45024 45503 45264 1.00
50 45977 45871 45924 0.80
51 47468 47347 47408 0.38
52 46338 46082 46210 0.66
53 46431 47365 46898 0.46
54 37468 37528 37588 4.34
55 47368 46815 47092 0.46

*Counts per minute
Note: The radioimmunoassay was carried out on the plasma

samples in duplicate. The 125i-ceA presence was measured with 
a gamma-scintillation counter giving counts per minute (CPM). 
The mean was calculated by the sum divided by the number of 
samples present. The quantity of CEA present was extrapolated 
from appropriate standard curves.
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TABLE 3
12^Gamma-Scintillation Counts for the Presence of I-CEA 

in the Control Samples and the Amounts of CEA Present

Week
Number

CEA Added Mean
CPM

CEA
ng/mlng/ml *CPM *CPM

1 6.80 28784 30989 29886 6.40
14.60 24818 24205 24512 11.60

2 6.80 31863 32631 32247 7.60
14.60 25017 25288 25152 13.70

3 6.80 34147 32753 33450 3.16
14.60 25464 24586 25025 11.14

4 6.80 33062 34361 33712 5.60
14.60 26348 25544 25946 13.00

5 6.80 32724 32997 32860 5.60
14.60 24549 22453 23501 17.20

6 6.80 28135 29056 28596 5.40
14.60 22029 21705 21867 12.80

7 6.80 34070 33774 33922 6.64
14.60 26538 25845 26192 14.54

* Counts per minute
Note: Known amounts of ~’l-CEA were added to the

control samples for a quality control. The 125i-cea was 
measured on a gamma-scintillation counter. The mean was 
obtained by dividing the sum of the numbers by the number 
of samples present. The amount of CEA was extrapolated 
from the appropriate standard curve.
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DISCUSSION

Each sample was run in duplicate. This was to eliminate 

the errors inherent in just one sample being used. The plasma 

samples were often of an uneven consistency. Duplicates were 

necessary to get a true mean for each sample.

Perchloric acid addition was an important step. The 

perchloric acid was used to precipitate extraneous protein 

from the samples. These proteins needed to be removed be

cause they interfered with the radioimmunoassay. The pro

teins, if present, tended to cross-react with the antibody for
CEA, giving abnormally high results.

TMThe CEA-ROCHE test kit relied on an inverse immuno

logical reaction. In it, the unknown quantity of CEA was 

introduced to a known and larger amount of antibody grown 

against CEA. The antibody-CEA complex was the same proportion

ally as the original amount of CEA whose quantity was unknown.
125The amount of radioactively labeled CEA ( I-CEA) was added.

This combined with the free antibody,creating an antibody-
125I-CEA complex. The amount of free ’L25I-CEA was the same

as the amount of CEA present in the original sample. The 
125CEA-antibody and the antibody- I-CEA complexes were removed 
125with the Z-gel. The amount of I-CEA was quantified using 

a gamma-scintillation counter to count the radioactivity
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present. This activity was compared to a standard curve 

plotted from a set of standards.

The results obtained show that the average CEA value 

was slightly lower than national values of healthy subjects.

The mean I obtained was 1.38 ng/ml. The mean obtained for 

random sampling for a nationwide population was 2.75 ng/ml 

CEA (4). The reason for this discrepancy may be threefold. 

First, the samples were taken from doctors' offices where 

patients with inflammatory diseases are seen. As stated 

before, inflammatory disorders have been found to affect 

the CEA levels, although they usually raise the CEA levels. 

Second, the population from that particular area may inherently 

have low values. Third, the population, to get good results, 

should have been larger, but my time was limited. The small 

size of the population could easily have thrown the mean off.

I highly suspect week 3, with all of its zero values for CEA. 

Without that week, the average is 1.68 ng/ml. That is more 

compatible with the national values, but it is still quite 

a ways off from what one would expect.

The distribution of the CEA levels was relatively good. 

They show an exponential decrease from zero CEA. This de

crease matches national patterns (4, 22). The 0-2.5 ng/ml 

range for my work was a fraction lower when compared with 

national findings of healthy subjects. The percentages, 

however, almost exactly follow the distribution of studies
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done on people with non-malignant diseases such as benign 

breast disease, rectal polyps, cholecystitis, alcoholic 

cirrhosis, active ulcerative colitis, and pulmonary emphysema 
(22) .

In conclusion, one can see that the radioimmunoassay 

for CEA can be a very useful one. The work done here tends 

to indicate that specific areas may vary according to their 

CEA levels significantly. Samples of randomly selected indi

viduals in the Sheridan, Wyoming area show typically low 

values. The fact that the samples were from doctors' offices 

implicates a possible influence of inflammatory disorders; 

however, past studies tend to show that the levels increase 

instead of decrease, as my experiments show. When speculating 

about the reasons for the low values, one could also suspect 

small sample population as a source of error. Use of CEA as 

a marker for progress of treatments of tumors has a definite 

place in health care. The use of CEA to detect tumor presence, 

however, is unreliable due to very different base levels for 

different individuals. I would suggest, for any extensive 

use of CEA in a community, that the average levels for that 

community and individual be determined first.
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