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Abstract-An engme linked immuno sorbent assay (ELISA) for an epithelial membrane 
antigen (EMA) was described. Possible cross reactions with various antigens were investigated. 
In sera, EMA has been found in all the subjects studied. In normal population, levels were in 
the range of 500 ng/ml +I- 125 (SD.) A significant increase was observed at the end of 
pregnarq and during lactation. A large number of patients suffering various benign and cancerous 
diseases were studied. The elevated levels found in breast and pulmonary pathology indicated that 
this assay could be useful in the follow-up of patients suffering from these diseases. 

INTRODUCTION 
RECENTLY, many papers have been published con- 
cerning. a family of antigens isolated from human 
milk fat globule membranes [ 1, 2, 4, 6-101. These 
antigens arc glycoproteins in which carbohydrates 
represent the major component whereas the pro- 
tein moiety consists of less than 15% of the total 
molecular weight [4]. 

By the immunoperoxidase technique, Heyd- 
erman et al. [l] identified a glycoprotein which was 
localized on the luminal and surface membranes 
of most non-squamous epithelia in normal human 
tissues and called it epithelial membrane antigen 
(EMA). Increased staining was observed in a var- 
iety of non-neoplastic disease states as well as in 
many neoplasia. 

An immunohistochemical stain for EMA was of 
great interest in cancer investigations. It was first 
used in diagnostic tumour histopathology and 
cytology as an indicator of epithelial differentiation 
[8, 11, 121. A review of the results obtained showed 
that it could assist carcinoma diagnosis in 22 out 
of 48 cases where differential diagnosis was dif- 
ficult [9]. 

Secondly, an immunohistochemical stain for 
EMA could identify minute metastatic carcinoma 
deposits in organs such as the liver, bone marrow, 
and lymph nodes [ 10, 13, 141. EMA positive cells 
were shown in bone marrow in approx. one third of 
patients undergoing primary breast cancer surgery 
[ 141. Thirdly, using a monoclonal antibody 
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(HMGFI) the complete absence of staining was 
associated, in breast cancer, with an extremely 
poor prognosis as assessed by the duration of relap- 
se-free survival time, whereas extracellular staining 
was associated with a favorable prognosis. Absence 
of staining was independent of histological grade, 
tumor size, axillary lymph node invasion, and 
menopausal status. In contrast, positive staining 
was related to low histological grade [6]. 

Assays of EMA or antigens isolated from milk 
fat globule membranes were seldom applied to 
serum assays of normal subjects or patients suf- 
fering from cancerous and non-cancerous diseases. 
Furthermore, the proposed radioimmunoassays 
were carried out by labelling a second system. 
Either anti rabbit gamma-globulin antibody [3], 
or avidin which was bound to biotin conjugated 
anti-human mammary epithelial antigen antibody 
[5] were used. 

We propose a simple assay of EMA using 
ELISA (Enzyme Linked Immuno Sorbent Assay). 
It was applied to scra of normal subjects and 
patients suffering from various benign and malig- 
nant diseases. 

MATERIAL AND METHODS 

1. Antigen purrjication 

The purification method developed by Ormerod 
et al. [4] was used. In brief: half a liter of human 
milk was skimmed and brought to 40% saturation 
with (NH4)2!304. The supernatant was brought to 
80% saturation with (NH4)2S04 and the pre- 
cipitate was collected and dialysed against distilled 
water. The material was then fractionated on a 
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column of sepharose 6B, 0.1% triton X-100, pH 
8. The active fraction in the first peak was stirred 
with chloroform-methanol (6 vol. of chloroform-3 
vol. of methanol and 1 vol. of fraction). The aque- 
ous phase was dialysed against water. A last puri- 
fication step was performed on a column of peanut 
lectin. The final product was eluted with 2% galac- 
tose. 

2. Antisera 
Antisera were raised in rabbits by injecting pur- 

ified EMA following the immunisation schedule of 
Vaitukaitis et al. [ 151. Two milligrams of EMA were 
mixed with complete Freund’s adjuvant and injected 
subcutaneously. Booster injections were given at l- 
month intervals in the same way. 

3. ELISA for EMA 
A method previously described for other anti- 

gens [16, 171, was used. Briefly 0.2 ml of purified 
EMA solution (10 kg/ml in bicarbonate pH 9.5, 
0.1 M) was used to coat Nunc Immunoplate dur- 
ing at least 24 hr at 4” C and washed with PBS 
0.05 M ph 7.5 containing 0.1% Tween 20. 150 
p,l of antiserum solution (1 : 10,000) were added 
to 50 p,l containing either the reference EMA sol- 
ution (from 80 to 5000 ng) or serum to be tested. 
Dilutions were made in the same buffer as above 
except that it contains 5 g BSA/l. After 48 hr 
incubation at 4” C, the mixture was added to the 
EMA coated previously washed immunoplates. 
After 2 hr at room temperature, the wells were 
washed and incubated with 0.2 ml of peroxidase 
labelled anti-rabbit IgG (Tago 1 : 1000). Two 
hours later, the wells were washed again and enzy- 
matic activity detected with 0.2 ml of ABTS 
(Boerhinger) solution (75 mg in 100 ml of 0.1 M 
phosphate citric acid buffer ph 4). Optical density 
at 405 nm was measured after 45 min in a Titertek 
multiscan calorimeter. Precision was estimated by 
the variation coefficient calculated on the different 
points of the standard curve made in triplicate. 
The specificity was assessed by investigating the 
possible cross reaction with different human mam- 
mary gland proteins in the assay: alpha-lac- 
talbumin purified according to Schultz and Ebner 
[ 181, whole casein purified according to von Hip- 
pel and Waugh [ 191, gross cystic disease fluid pro- 
tein (GCDFP: gift from Haagensen) [ 121, were 
used. Moreover CEA purified according to Gold 
et al. [21] and NCA purified according to Von 
Kleist et al. [22] were also tested (gift from P. Burtin). 

4. Types of sera assayed 

Normal serum. Forty-seven sera from blood 
donors without hepatic or renal disease were used 
as normal controls. Furthermore, serum was col- 
lected from 35 pregnant women at the beginning 

of the pregnancy (l-20 weeks) and 36 women at 
the end of the pregnancy (30-40 weeks). Nineteen 
lactating women were also investigated on the 
fourth day after delivery. 

Benign diseases 
Serum was collected in patients with benign 

diseases: 10 sera of women with benign mammary 
cyst and nine with fibroadenoma; 13 sera from 
benign digestive diseases: gastritis ( 1 ), ulcer (2), 
hepatitis (1), cirrhosis (3), pancreatitis (4) and 
ileitis (2); 19 benign affections of the lung were 
analysed including asthma (4), emphysema (3), 
bronchopneumonia (4)) bronchitis (3)) and pneu- 
monia (4); 20 patients with cardiac diseases were 
studied: angina pectoris (8), valvulitis (5), hypo- 
systolia (3), acute myocardial infarction (4). 

Carcinomas 
Serum from patients suffering from carcinomas 

were assayed for EMA: digestive cancer: gastric 
neoplasm (7)) pancreatic adenocarcinoma ( 1 1 ), 
colon adenocarcinoma (55), hepatoma (1); lung 
cancer: oat cell carcinoma (28), squamous cell 
carcinoma (2)) adenocarcinoma (5)) mesothelioma 
(2); breast adenocarcinoma ( 13). 

RESULTS 
Figure 1 shows a typical response curve obtained 

with EMA ELISA. The sensitivity of the assay 
estimated within the 95% confidence interval at 
the zero point was 80 ng of EMA per ml of sample. 
The variation coefficient of the different points on 
the curve did not exceed 4%. The specificity of the 
assay is illustrated in Fig. 1. Casein showed minor 
cross reactivity less than 5% in EMA ELISA. 
Alpha-lactalbumin, CGDFP, CEA and NCA did 
not cross react at all. 

In control sera, EMA was detectable in all sam- 
ples and levels varied between 300 and 750 ng/ 
ml. The mean value was 528 +/- 125 (S.D.). 
During the 20 first weeks of pregnancy, EMA 
levels were in the same range as the controls, but 
at the end of the pregnancy and at the 4th day of 
lactation a mean concentration of EMA was found 
significantly higher than the normal value mean 
855 and 895 ng/ml, respectively 80% and 40% of 
the concentrations were out of the normal value 
distribution (Table 1). In mammary pathology, 
mean levels were normal in cases of women suf- 
fering from cysts or fibroadenomas, but were sig- 
nificantly increased in adenocarcinoma cases 
(mean level: 844 ng/ml +/- 87). 70% of the values 
(i.e. 9 cases out of 13) were superior to the mean 
plus 2 S.D. (Table 1). Four cases showed EMA 
levels within the range of 2 S.D. around the mean 
and all were ductal adenocarcinomas, weakly dif- 
ferentiated and complicated with metastasis in 
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Fig. 1 EM4 reference curve with uoss reaction of casein, lactalbumin, CEA, NCA, and GCDFP-15. 
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Table 1. EMA levels in serum of normal subjects in various physiological conditions and with benign 
and malignant mamma9 diseases 

n Mean 

(ng/mU 

S.D. % values > 
normal 

mean + 2 S.11. 

Normal subjects 
Pregnant women: 
O-20 weeks pregnancy 
20-40 weeks pregnancy 
Lactating women 
Benign masthopathy 
Adenocarcinoma 

47 528,’ 125 0 

35 511,’ 104 0 
36 894” 155 80 
10 847” 390 40 
19 597,’ 270 15 
13 844” 315 70 

a,b,c: Groups with identical letters were not significantly diKerent whereas those with different subscripts 
were significantly different. (Kruskal-Wallis test.) 

Table 2. Serum EMA levels in normal subjects and in patients suffering from benign diseases 

n Mean 

(ng/mU 

S.D. % values > 
normal 

mean + 2 S.D. 

Normal subjects 
Benign pathology: 

Cardiac diseases 
Digestive diseases 
Breast diseases 

Lung diseases 

47 528” 125 0 

30 521,’ 188 0 
14 662.’ 164 28 

19 597.’ 270 15 

19 843” 188 52 

a,b,c: Groups with identical letters were not significantly different whereas those with different subscripts 
were significantly different. (Kruskal-Wallis test.) 
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Table 3. Serum EMA levels in normal subjects and in patients with digestive cancers 

n Mean 

(ng/ml) 

SD. % values > 
normal 

mean + 2 SD. 

Normal subjects 
Digestive carcinoma 

hepatoma 
gastric carcinoma 
pancreatic carcinoma 
colon carcinoma 

47 528.’ 125 0 

1 561.’ 0 
7 814’ 184 57 

11 700” 181 36 
55 721” 313 43 

a,b,c: Groups with identical letters where not significantly different whereas those with different subscripts 
were significantly different. (Kruskal-Wallis test.) 

Table 4. Serum EMA levels in normal subjects and in patients with lung cancer 

n Mean 

(ngiml) 

S.D. % values > 
normal 

mean + 2 S.D. 

Normal subjects 
Lung cancers 

oat cell carcinoma 
squamous cell carcinoma 
adenocarcinoma 
mesothelioma 

47 528” 125 0 

28 973” 350 50 
2 988” 347 50 
5 979” 379 60 
2 521.’ 74 0 

a,b,c: Groups with identical letters where not significantly different whereas those with different subscripts 
were significantly different. (Kruskal-Wallis test.) 

lymph nodes and in other organs. 
In non-neoplastic diseases, (Table 2) the mean 

values did not increase, neither in digestive nor 
cardiac pathology. Four cases out of 14 showed 
elevated levels in digestive pathology. On the other 
hand, in pulmonary non-malignant diseases 10 
patients out of 19 with bronchial disease (bron- 
chitis or bronchopneumonia) and with acute pneu- 
monia showed levels greater than the mean + 2 
S.D. and a mean level higher than the mean level 
of normal subjects. In contrast, patients suffering 
from asthma, emphysema and pulmonary fibrosis 
had normal values of serum EMA. 

In digestive cancers, the mean values of EMA 
were significantly increased for gastric, pancreatic 
and colon cancers. For hepatoma the level was 
normal (Table 3). 

It is in cancerous and non-cancerous respiratory 
diseases that the mean and individual levels of 
EMA were the most elevated (Table 4 and Fig. 
2). In all the kinds of lung cancer the mean values 
were elevated except in 2 mesotheliomas. In each 
group some values were within the 95% confidence 
interval of normal values and others above the 
confidence interval. 

DISCUSSION 
Radioimmunoassay for EMA and apparented 

substances isolated from human milk fat globule 
membranes have been rarely described and mainly 
used for assessing purification and characterisation 
of these materials. A radioimmunoassay for EMA 
was carried out by Ormerod et al. [3], it was used to 
demonstrate contamination of casein preparation 
with EMA. 

Furthermore, Hilkens et al. [7] proposed a sand- 
wich radioimmunoassay for an antigen (MAM-6) 
present in the serum of patients with carcinomas. 
Moreover a solid phase radioimmunoassay was 
proposed for a similar, though not identical family 
of antigens called human mammary epithelial anti- 
gens (HME-Ag) also prepared from human milk 
fat globule membranes (Ceriani et al. [5]). Using 
this system it was shown that breast cancer pati- 
ents carried high levels of HME-Ag in their cir- 
culation whereas patients with disseminated non- 
breast cancers as well as normal female controls 
did not. 

The assay we propose is a classical ELISA, 
giving satisfactory sensitivity and precision. The 
assay showed no cross reaction with alpha-lac- 
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Fig. 2. EMA serum levels in normal subjects (n = 47), benign (n = 19) and malignant (n = 37) lung diseases. 0, pneumonia; A, majorjibrosis 
and sclerosis of the lung; 0, bronchial inq4amation; ??, oat cells carcinoma; 8, squamous cell carcinoma; *, adenocarcinoma; A, mesotheliomo. 

talbumin, GCDFP, NCA and CEA. A weak cross 
reaction with whole casein was observed and 
seemed to be related to the contamination of the 
casein preparation with EMA as already dem- 
onstrated by Ormerod et al. [3]. With this assay 
EMA was found in all serum tested and several 
sera contained concentrations of EMA largely 
superior to the 95% confidence limit of the normal 
value (i.e. mean + 2 SD.). 

The identical mean level of EMA in normal 
subjects (majority of males: 66%) and pregnant 
women at the early stage of pregnancy indicated 
that sex did not influence very much levels of this 
protein. The elevated values found in pregnant 
women at the end of pregnancy and during lac- 
tation were to be connected to the activity of mam- 
mary gland. 

The numbers of studied cases in mammary path- 
ology was obviously low but suggested an elevation 
of EMA levels in cancerous patients. Normal 
values in breast cancer were found in four 
advanced cancers with axillary lymph node 
invasion and metastasis at distance. This fact could 
be related to the observations by Wilkinson el al. 
[6] who demonstrated the absence of staining for 

HMGFl in breast cancers with an extremely poor 
prognosis. 

The high levels of EMA in malignant and benign 
lung diseases were of interest. These data could 
be related to the immunohistological staining of 
alveolar and bronchial epithelial structures found 
by Sloane and Ormerod [8]. 

The anaplastic lung cancers were positive in more 
than 50% of all cases; this is in accordance with 
the immunohistological data from Sloane et al. [8, 
91. Thus it seems to us that EMA assay could 
prove to be of interest in pulmonary pathology 
where reliable markers are lacking. Work is now 
in progress to confirm this point of view. 

But up to now we do not know if the EMA assay 
could be useful in clinical follow-up procedures, 
and no correlation has been made between EMA 
levels and local or metastatic cancer extention. 
ELISA for EMA should be used to screen larger 
numbers of samples and should be correlated with 
other markers useful in breast cancer for diagnosis 
and follow-up: CEA, NCA, etc. 

This EMA assay could be complementary to the 
interesting findings by Sloane et al. [8, 91, where 
immunohistological staining allowed an evaluation 
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of tumoral epithelial differentiation, detection of 
microscopic metastatic extention [ 141, and prog- 
nosis assessment [6]. 

CONCLUSION 
An ELISA for EMA was carried out. Its sen- 

sitivity was 80 ng/ml of serum. The coefficient of 
variation for each point of the curve was less than 

4% and, in terms of specificity no cross reaction 
with CEA, NCA, alpha-lactalbumin, and GCDFP 
were shown. Patients suffering from various non- 
neoplastic diseases showed mean levels which were 
not significantly different from normal subjects 
(528 +/- 125 ng/ml), except for benign res- 
piratory diseases. Patients with secretory pul- 

monary diseases with malignant and non-neo- 
plastic origins displayed elevated levels of EMA. 
Although clinical specificity was weak, the high 
levels found in lung cancers, could reveal EMA as 
an interesting marker for assessing the follow-up 
of these cancers, but further investigations are 
necessary. 

The high levels of EMA in neoplastic breast 
diseases and normal levels found in non-neoplastic 
disease could better mammary pathology diag- 
nosis. 

In digestive cancers, clinical sensitivity and 
specificity did not allow us to consider EMA as a 
valid marker. Nevertheless, high levels could be 
useful in clinical follow-up. 
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