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Abstract-Phytohaemagglutinin (PHA), a well-known mitogen, and encephali- 
togenic factor (EF) are recognized by lymphocytes of patients with dijjerent 
malignant diseases as non-specific antigens. Utilizing these two antigens, the SCM 
(structuredness of the cytoplasmatic matrix) test offers a means of discrimination 
between malignant and non-malignant diseases. The SCM test can also be used as a 
specijity test since lymphocytes from donors with a given malignant disease react 
exclusively with the tumour-associated antigen (TAA) of that disease. Results from 
73 donors (15 healthy patients, 38 patients with different types of malignant 
disorders and 20 patients with autoimmune diseases) indicate the predictive value 
of the test. First, the non-specific test was applied in order to establish whether the 
patients suffered from an active malignant disease. The lymphocytes of those 
putients which were found to suffer from an active malignant disorder were then 
exposed to different types of tumour tissues. Twenty-jiveout ojthe38 patients with 
malignant disorders were found by the SCM test to have on active disease. The 
lymphocytes of24 out of these25 patients showed apositivereaction whenexposed 
to tumour tissue of the same type of cancer of which they were found to sujjer by 
other clinical tests, and displayed no reaction with any other tumour tissues for 
which they were tested. One patient, with an inconclusive value of the SCM test, 
showed no reaction with any type of tumour to which he was exposed. The 
remaining 13 patients, who were diagnosed by the test as non-cancerous, did not 
show any clinical evidence of malignancy at the time of the test, after their tumours 
had been excised. Eighteen out of 20 patients with autoimmune diseases showed 
negative results when tested by the general test and by the various specijity tests. 

INTRODUCTION 

WE RECENTLY reported a series of tests [l] which 
supports the validity of the SCM method for the 
diagnosis of cancer. This method has been 
described in a series of articles [2-71. It consists of 
measurements of the fluorescence polarization of 
fluorescein which is introduced into a particular 
group of lymphocytes after their separation from 
the blood of the patient. The density of the 
gradient used to separate the lymphocytes, the 
conditions of temperature, pH and osmolarity, 
the excitation wavelength and the wavelength of 
the fluorescence at which the polarization is 

measured are all critically important and have 
been stated by the Cerceks [2]. The test is based on 
the observation that for healthy persons (and 
persons suffering from non-malignant diseases) 
stimulation of the lymphocytes by PHA causes a 
decrease in the degree of polarization while 
stimulation by EF does not cause such change, 
whereas the opposite holds true for lymphocytes 
from cancer patients (i.e. decrease of the degree of 
polarization after EF stimulation and no change 
for stimulation with PHA). Hence, the presence 
or absence of a malignant disorder can be 
expressed by the magnitude RRsCM, where 
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polarization after incubation with EF 
RR Sal = 

polarization after incubation with PHA 
. (1) 
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From the above definition it follows that for 
healthy persons RRscM > 1, while for cancer 
patients RRscM < 1. 

A different version of the test [8, 91 is based on 
the fact that when the blood is centrifuged in a 
Ficoll-Triosyl column in many cases two closely 
separated layers of lymphocytes appear on the 
plasma-gradient interface. The upper layer 
exhibits the properties just described while for 
patients with malignant diseases stimulation by 
PHA of the lymphocytes of the lower layer causes 
a decrease in the degree of polarization. 

According to Pritchard et nl. [a], we define 

P,(2)-PFW(2) 

( 

Pa(l)-PFW(1) 
I SCM = 

j 

100, (2) 

pow PO(l) 

where PO and PPHA are the polarization value of the 
control and PHA-stimulated lymphocytes, re- 
spectively; argument (1) relates to the first and 
argument (2) to the second band. 

It is seen that for healthy donors Zscs, will be 
negative [since PpHA( 2) N P,(2) and P~dl) < 
PO(l)], while for cancer patients ZscM will be 
positive [since PPHA(2) < P,(2) and PpHA(I) - 
Po(l)l. 

Although the importance of this assay for the 
early recognition of malignant disorders as well as 
for the follow-up of patients after removal of the 
tumor or after therapy is recognized, its ultimate 
value lies in the specifity of the test. It has been 
demonstrated [lo] that incubation of the par- 
ticular group of lymphocytes with a piece of 
tumour tissue or with the extract from such tissue 
taken from a patient who suffers from the same 
kind of tumor as does the donor of the 
lymphocytes causes a decrease in the degree of 
polarization, while incubation with a different 
kind of tumor leaves the degree of polarization 
unchanged. Though convincing in itself, the 
number of specifity tests published by the Cerceks 
has been relatively limited. In order to check the 
validity of the specifity test, and perhaps more so 
in order to define its limitations as to the stage of 
the disease, sharpness of discrimination and 
technical details, we started a programme of such 
tests. In the following we describe a series of such 
rests on lymphocytes from patients of suspected or 
diagnosed carcinoma of breast, colon, uterus, 
rectum, lung, ovary, stomach and melanoma. 

MATERIALS AND METHODS 
The separation of lymphocytes was carried out 

according to the procedure outlined in reference 
[2] with the additional precautions stated in our 
recent paper [l]. For the stimulation of the 
lymphocytes histologically defined biopsies of 

tumours were used either fresh or after storage in 
liquid nitrogen [lo, 111. The frozen pieces of 
tissue were slowly thawed at room temperature 
and thoroughly washed with PBS. Then pieces of 
approximately 2 X 2 X 2 mm in size were cut for 
stimulation. Of the lymphocyte suspension 0.3 ml 
(5 X 10s cells/ml) was incubated with the piece of 
tumour tissue for 15-20 min at 37OC. After 
stimulation, 0.2 ml of the lymphocyte suspension 
was introduced into 3 ml of the FDA solution for 
the SCM measurement. The specificity test for 
cancer patients was carried out with tissues of the 
following turnours: carcinoma of the breast, lung, 
uterus, colon, stomach, rectum and melanoma. In 
many cases biopsies of the same kind of tumour 
from different donors were used for testing of one 
given sample of lymphocytes. In a number of 
cases, in the course of the incubation procedure 
(in particular with tissues from the intestinal 
system) a fraction of the cells detached themselves 
from the tissue and were involuntarily pipetted 
together with the lymphocytes into the FDA 
solution. The fluorochromasia in these cells 
sometimes caused an appreciable fluorescence 
which constituted a greatly enhanced back- 
ground. In several cases the tissues were not 
sterile. The fluorescence background caused by 
the bacteria was stronger than that of the 
lymphocytes and thus prevented a meaningful 
measurement. 

The results of the specificity tests are expressed 
in PR (polarization ratio) units. The PR is 
defined (only for the upper band) as: 

PO - Pr 
PR= _, 

PO 
(3) 

where PO and PT are the polarization values before 
and after stimulation with the indicated type of 
tumour tissue, respectively. In view of the limited 
accuracy of the test, we arbitrarily define a PR > 
0.1 as indicating that this patient suffers from the 
specific malignancy (after the RRscM value has 
been found to be < 1 .O) while PR values > 0.1 (or 
even negative) indicate that the patient does not 
suffer from the specified type of cancer. 

The clinical observations of the patients were 
made at Hadassah Hospital, Tel Aviv, Israel. The 
blood samples were taken from a random 
population of the Oncological Outpatient Clinic, 
who were diagnosed before or after surgery. A few 
blood samples were also provided by the 
Department of Plastic Surgery, Sheba Medical 
Center, Tel-Hashomer, Israel. Only after per- 
formance.of the SCM and the specificity test were 
the results compared with the clinical records. 
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RESULTS 

The results are shown in Table 1. The first 15 
entries in the table refer to healthy donors and 
serve as control values for the SCM test. The 
following 38 entries refer to patients with 
different types of malignancy: 22 out of the 38 are 
patients with a history of carcinoma of the breast; 
eight patients with carcinoma of the colon; five 
patients with melanoma; two with carcinoma of 
the uterus; and one with carcinoma of the rectum. 
There were 20 patients with autoimmune 
diseases; of these, 15 were with rheumatoid 
arthritis; one with ankylosis spondilosis; one with 
Behcet; two with systemic lupus erythematosus; 
and one with scleroderma. 

It is seen that for all healthy donors RRscM > 1 
and ZscM is negative. Except for one case we also 
find a correlation for all patients between these 
values and the clinical picture. In one case only, 
No. 19, the RRscM value is 0.92 while ZsCM is -1.2. 

Twenty-four out of 25 patients who according 
to their RGcM and ZscM values were diseased also 
showed a decrease in the respective P values when 
their lymphocytes were stimulated with pieces of 
tissue of the same kind of tumour from which 
these patients were suffering. With other types of 
tumour tissue no decrease in the degree of 
polarization was observed. These differences are 
clearly demonstrated by the respective PR values 
in columns 6-12. The lymphocytes of patient No. 
19 (with inconclusive RRsw and& values) were 
not stimulated by any of the tissue samples. 

The RbcM and ZsCM values of patients Nos 27, 
28 and 29 are those of a healthy donor, though the 
patients had widely disseminated metastasis. 
Also, the specifity test failed for those patients in 
that the lymphocytes reacted positively with 
tissues of different types of tumour. Similar 
phenomena have been observed with the leuko- 
cyte adherence inhibition test when leukocytes 
from patients of advanced metastasis reacted with 
extracts from different tumours [12, IS]. 

Three of the patients, Nos 21, 30 and 37, who 
were diagnosed by the test as diseased but at the 
time of the test did not show any clinical evidence 
of metastasis, later.presented metastasis. Patient 
No. 21, whom we tested in February 1982, showed 
single metastases in March 1983; patient No. 30, 
who was tested in May 1982 showed a local 
recidive in November 1982; and patient No. 37, 
who was tested in June 1982, showed liver 
metastasis in January 1983. Also, patient No. 19, 

who was tested in December 1981, showed 
metastasis in March 1983. Patients Nos60 and 64, 
with autoimmune diseases, showed a positive 
SCM test. Patient No. 60 did not react with any of 
the applied specifity tests, while patient No. 64 
reacted with cancer of the ovary. 

DISCUSSION 

The results show a good correlation between 
the RRsc,, ZscM tests and clinicopathological 
diagnosis. All 15 healthy donors appear as such 
according to the SCM test as well as according to 
the ZscM test. Eighteen out of 20 patients with 
autoimmune disease showed negative results with 
the general SCM test as well as with all the applied 
specific tests. Two patients showed positive 
reaction with the general SCM test; one of them 
did not react with any of the applied specifity 
tests, while the other showed cancer of the ovary, 
although we have at the moment no clinical 
evidence of a malignant diesease of these patients. 

Of the 38 patients, 11 patients who have been 
free from clinical symptoms for at least 1 yr after 
surgery had RRscM and Iso,, values of healthy 
donors. Of the 25 patients who reacted positively 
to tissue samples, 12 reacted to tissues of breast 
cancer, six reacted to samples of colon cancer, five 
reacted to melanoma, one reacted to cancer of the 
uterus and one to cancer of the rectum. Two 
patients were not tested for technical reasons. One 
patient (No. 19), with conflicting RhcM andZsCM 
values, showed no reaction with any of the tissues. 
All the breast cancer patients who responded 
positively were suffering from active disease, or 
were clinically defined as stage II to IV. These data 
emphasize the capability of the SCM test not only 
in identifying cancer patients, but also in 
identifying the type of tumour. Also, the fact that 
high-risk patients who were clinically free from 
disease but responded positively to the test later 
developed metastases may serve as an indication 
for the capability of the test in detecting the 
disease at a much earlier stage than commonly 
used clinical tests can do. 
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