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ABSTRACT

Lymphocytes from patients carrying a body burden greater than

0.3 nCi Ra have been tested for specific cytotoxicity to four different

osteosarcoma cell lines as well as normal human fibroblasts. Cytotoxicity

indices (defined as the ratio of the number of target cells remaining, after

treatment with the patients lymphocytes, relative to the values obtained

with normal control subjects) have been calculated. With one exception,

no cytotoxicity was observed. This is in agreement with the fact that no

fresh osteosarcomas were diagnosed. The patient, in which cytotoxicity

was observed, was suffering from an inflammatory lesion involving bone

due to a foreign body reaction at the time of the first test . When the test

was repeated 10 months later no cytotoxicity was observed. No signifi-

cant nonspecific cytotoxicity was observed using lymphocytes taken from

normal control subjects with any of the target cell lines used.

*Work performed under the auspices of the U.S. Atomic Energy Commission
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INTRODUCTION

Lymphocytes from patients with a neoplastic disease have been

shown to have a direct cytotoxic effect on tumor cells of a similar

histological type whether they are taken from the same person or from

different persons. Several groups of tumors exist within which immuno-

logical cross reactions occur. In a limited study on patients with

sarcomas {one fibro-xanthosarcoma, two osteosarcomas, one liposarcoma

and one endothelial sarcoma) Hellstrom et a l . , found that in these

five patients, lymphocytes tested on autochthonous sarcoma cells showed

a clear-cut cell-mediated immunity. In three patients tested for cross

reactivity, all three showed lymphocytes cytotoxic to tumor cells from

each of the other tumors. However, lymphocytes from these patients did

not react with cancer of the bladder, cervix, larynx, rectum, chorio-

carcinoma or with normal cells.

These studies suggested that if lymphocytes of a patient could be

shown to cross-react only with antigens specific for a particular group of

tumors of similar histological type, such as osteosarcoma, flbrosarcoma,

e t c . , an immunological diagnosis of osteosarcoma or a related tumor

could be inferred.

*Work performed under the auspices of the U. S. Atomic Energy Commission
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Since persons carrying high burdens of Ra are predisposed to

the development of osteosarcomas and since their cure rate is greatly

increased as a result of early diagnosis, it appeared worthwhile to

examine the reactivity of these patients' lymphocytes with osteo-

sarcoma cells in vitro. Early immunological diagnosis of osteosarcoma

might precede symptoms or detectable radiological changes. In addition

to the cytotoxicity tes ts , studies on blocking serum antibodies are being

carried out, but limitations on the amount of blood available sometimes

precluded both tests being made. This report detls only with the cyto-

toxicity test .

Cases Studied

Table I gives the relavent information about the patients studied.

Five cases had body burdens of Ra greater than 1 uc at the time of

226
testing. In all these cases , the Ra had been acquired 20-30 years

earlier. The most recent history of osteosarcoma was 7 years prior to

the test (case 03-429).

MATERIALS AND METHODS

Lymphocytes were separated from a 10 ml sample of blood taken

from the antecubital vein. Blood samples from normal control subjects

were always taken at the same time as the patients' blood. These

samples were treated simultaneously throughout the test . Target cells
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were plated into each well of a Falcon Microtest Plate (#3040) or a

Lab Tek culture chamber slide. Lymphocytes, at different ratios of

lymphocytes to target cells, were added to the target cells and incubated

for 48 hours. Cytotoxicity was measured by counting the number of target

cells which remained viable at the end of the period of incubation.

Preparation of Fresh Lymphocytes From The Peripheral Blood

Essenf y the technique of Hellstrom et al . was followed. A

10 ml sample cu blood was taken into an unheparinized vaccutainer. The

blood was then ansferred into a 50 ml conical flask, the bottom of

which was covered with glass beads (~3 mm diameter). The flask was

shaken for about 4 minutes or until the beads ceased to rattle.

Following defibrination by this method, eight or nine ml of blood

was aspirated from the flask and diluted five-fold with calcium-free

phosphate buffered saline (PBS). The diluted blood was layered on a

10 ml Ficoll-Hypaque solution (density 1.077 ± 0.001) and centrifuged at

400 g for 40 minutes. Granulocytes and red cells sedimented below the

Hypaque Ficoll while a band of mononuclear cells remained at the inter-

face of the Ficoll-Hypaque and the diluted serum. This layer of

mononuclear cells, mostly lymphocytes, was removed

carefully by Pasteur pipette and the cells were allowed to fall through

20-30 ml of PBS to remove traces of the Ficoll-Hypaque. The cells were

washed twice more and centrifuged. \fter re suspending the cells in a
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small volume of serum-free media, aliquots were taken for counting in a haemo-

cytometer using two stains - trypan blue to give viability, and gentian violet

diluting fluid (0.01% gentian violet in 2% acetic acid) to count the number

of lymphocytes. The viability was usually greater than 99% and the

number of mononuclear cells (used here as synonomous with lymphocytes)

was of the order of 5 x 10 ceils from a 10 ml blood sample.

Cell Lines

Details of the cell lines used as target cells are given in Table II.

These included normal skin fibroblasts as well as tumor cell lines.

As many cell lines as possible were used for the test depending

on the amount of blood available and the variable yield of lymphocytes.

The cells were grown in RPMI-1640 culture media to which 20%

fetal calf serum and antibiotics were added. Tumor cells showing good

growth characteristics were selected for the test . The cells were

trypsinized (0 25%) to obtain a single cell suspension. Approximately

100-200 cells in 0.2 ml media were plated into each well of the microtest

plates (Falcon #3040) or onto Lab Tek culture chamber slides and incubated

with fresh media for 18-24 hours on a level surface. After this period,

the media was removed, the cells washed, and checked for good plating

efficiency. A volume of 0.2 ml of the lymphocyte suspension was added

to each well to give a lymphocyte to target cell ratio of 1000:1. Other

dilutions of lymphocytes were made as desired to provide different
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lymphocyte to target cell ratios. The plates were incubated on a rocker

for 48 hours before terminating the experiment. The plates were washed

twice with PBS to remove the dead cells before staining with 2% crystal

violet. The cells remaining attached to the wells, presumed to be viable

were counted.

RESULTS

The results of the target cell-lymphocyte interaction for the radium

patients are expressed as cytotoxicity indices in column 4 of Table III.

The cytotoxicity index is defined here as the ratio of the number of target

cells , remaining after treatment with the patients lymphocytes, to the

value obtained for lymphocytes from the control subject taken at the same

time. The values quoted as cytotoxicity indices refer to lymphocyte

target cell ratios 1000:1, although on some occasions other ratios were

also used as indicated. The values represent mean values with the standard

error for replicate samples; usually six replicates were used. Out of the 22

values listed, only 5 samples showed a value different from 1.0 by greater

than 1 standard error (the se are indicated in the table). Of these only 1

was different by more than 2 standard errors. This value 0.82 ± 0.04 mea-

sured for patient 03-455, related to the cytotoxicity of lymphocytes on

normal fibroblasts and not on tumor cells .

(2)Since in our earlier report lymphocytes from patient 03-402

showed cytotoxicity to cell line RPMI #41 the results from this patient
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repeated 10 months later are shown in detail together with those reported

earlier in Table IV.

Two target cell lines were used, RPMI #41, the only one used in

the previous test , and SKOS-3b which was obtained since that time. The

same subject was used as a control in both tes ts . The results (Table IV]

show no cytotoxicity in the test made in March 1974 in either of the two

target cell lines used. This is in sharp contrast to the very marked

cytotoxicity observed in May 1973.

The other patient which had been tested earlier (patient 03-429),

showed no significant cytotoxicity in the repeat tes t , which is in agreement

with our earlier result.

Controls

Since the values cited here for the cytoxicity of the patients'

lymphocytes are expressed as ratios to the values obtained for normal controls,

it was important to establish whether or not lymphocytes from the control

subjects showed any cytotoxicity. Column 5 of Table III lists the cyto-

toxicity indices of lymphocytes from four control subjects, relative to

values obtained when media alone was used, in the absence of lymphocytes.

These measurements were made at the same time, and on the same cell l ines,

as those used for examining the patients' blood. Individual values for the

cytotoxicity of the control lymphocytes relative to the media alone showed

a slightly greater variation than when the patients' values were compared to
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the controls. However, the overall mean of the control values relative to

media alone was not significantly different from 1.0. Moreover no

significant difference could be detected between the cytotoxicity ratios

for different controls tested either on the same cell line or on different

cell lines including normal fibroblasts.

DISCUSSION

The techniques employed here were originally developed by

(2)Hellstrom for handling 50 ml blood samples. Our techniques have now

been sufficiently refined to be able to carry out a satisfactory test using

a 10 ml sample.

Hellstrom et a l . , have shown that lymphocytes can retain their

cytotoxicity over long periods of time subsequent to the removal of some

tumors - up to 29 years in the case of a colon carcinoma and 8 years in a

patient with lung carcinoma. Of the three patients we examined who had

fibrosarcoma or osteosarcoma, significant cytotoxicity was only observed

in one patient, 03-402, 20 years after tumor removal: in the other two

cases 03-429 (6 years after amputation) and 03-455 (40 years after

amputation) no significant cytotoxicity was observed. Different types of

tumors exhibit different degrees of antigenicity. One might, therefore,

expect a greater memory capacity of cytotoxic lymphocytes in patients

carrying tumors which are strongly antigenic: osteosarcoma may not be

strongly antigenic. It is interesting that even after 6 years one patient
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(03-429) had already lost any marked cytotoxicity. The very striking

cytotoxicity observed in patient 03-402 at the time of the first test

would, therefore, appear to be highly significant.

At that time this patient was suffering from an inflammatory lesion

involving bone due to a foreign body reaction,but had no evidence of

osteosarcoma. The question therefore arises as to whether the cytotoxic

lymphocytes were activated by this inflammatory condition. Since tests

carried out 10 months later on the same patient showed no cytotoxicity and

since there was no evidence of tumor by x-ray examination, this would

appear to be the most likely explanation. Further tests on patients with

other abnormalities and with proven malignancies are necessary for a full

interpretation of these results.

Nonspecific cytotoxicity has been reported by lymphocytes from

(3)normal control subjects by other workers , however under our conditions

of measurement, no such cytotoxicity was observed. This may be related

to our preparation of purified lymphocytes. The Hypaque-Ficoll gradient

technique used here was designed to minimize the number of contamin-

ating granulocytes, red blood cells and platelets, all of which have been

cited to contribute to nonspecific cytoxicity. ' ' ' A further reason why

we did not observe nonspecific cytoioxicity may be related to the particular

target cell lines used and their time in culture. This in turn may be related

to the expression of different antigens. Characteristics of one of the cell
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lines used has already been described , the others are currently being

characterized.

The fact that no cytotoxicity was observed with any of the patients'

lymphocytes/ apart from the one exception noted, agrees well with what

we would expect on the basis that none of the patients showed any evidence

of osteosarcoma at the time of the test .
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Table 1

DETAILS OF PATIENTS STUDIED

Case No.

03-455

03-402*

03-429*

03-115

03-111

03-125

03-135

03-206

03-102

03-139

03-459

03-116

03-416

03-404

03-230

Body Burden
of 226Ra (nCi)

0.45

1.22

1.17

0.75

0.88

0,56

1.43

3.30

0.63

0.37

0.76

1.41

0.80

0.68

0.42

Tumor Status

Fibro-sarcoma

Osteo-sarcoma

Osteo-sarcoma

None
i i

i i

II

t i

I I

IB

II

II

II

II

II

Years
Since Tumor

40 years

20 years

7 years

•Lymphocytes of these patients were tested twice.



Table II

DETAILS OF THE TARGET CELL LINES USED IN CYTOTOXICITY ASSAYS

Cell Line No.

RPM1-41*

SKOS-10*

SKOS-5#

SKOS-3b#

CRL-1187**

F 572**

Cell Line Type

Osteosarcoma

Osteosarcoma

Osteosarcoma

Osteosarcoma

Normal Fibrbblasts

Normal Fibroblasts

Passage Numbers

40 - 60

8 - 1 2

16 - 20

15 - 20

6 - 8

7

*RPM1-41 was obtained from Roswell Park Memorial Institute, Buffalo, N.Y.
by kind permission of Dr. George E. Moore.

#The three SK lines were provided by Dr. Jorgen Fogh of Sloan Kettering
Institute.

**The two fibroblast cell lines were obtained from the American Type
Tissue Culture Collection.



Table III
CYTOTOXICITY INDICES FOR RADIUM PATIENTS AND CONTROLS

Case No.

Patient

Control

Patient

Control

Patient
Control

Patient

Control

Patient
Control

Patient
Control

Patient
Control

Patient
Control

Patient
Control

Patient
Control

Patient

Patient
Control

Patient

Patient

03-429

5

03-230

1

03-404
1

03-455

6

03-416
5

03-116
2

03-459
1

03-139
5

03-102
5

03-206
6

03-135 #

03-125
1

03-111 #

03-115 #

Target
Cell

Lines

RPM1-41
SKOS-3b
SKOS-5
CRL 1187

RPM1-41
SKOS-3b
CRL 1187

RPM1-41
SKOS-3b

RPM1-41
SKOS-10
F572

RPM1-41
SKOS-10

RPM1-41
SKOS-10

RPM1-41
SKOS-10

RPM1-41

RPM1-41

RPM1-41

RPM1-41 #

RPM1-41

RPM1-41*

RPM1-41 #

Cytotoxicity

Patient's . p „
Control

1
0
1
1

0
0
1

0
0

1
0
0

0
0

1.
0.

1.
0.

0.

0.

0 .

1.

.06 ± 0.55

.85 ± 0.13

.05 ±0.24

. 0 7 ± 0 . 2

.77 ± 0.38

.90 ± 0.20

.04 ± 0.22

.86 ± 0.08 *

. 9 9 ± 0 . 2 1

.30 ± 0.53 *

.84 ± 0.19

.82 ±0.04

77 ±0.16
94 ± 0.05

00 ±0.26
95 ±0.93

20 ± 0.52
88 ±0.34

81 ± 0.11 •

98 ± 0.15*

96 ±0 .81 *

05 ±0.13

Mean 0.95 ± 0.03

Indices

Control
Media

0
0
0
0

1
1
0

0
1

0
1
1

1
1

0
1

1
0

0.

0.

1.

0.

0.

.90 ± 0

.94 ± 0

.85 ±0

.79 ±0

.22 ± 0

.05 ±0

.80 ±0

.89 ±0

. 1 9 ± 0

.89 ±0

.03 ± 0

. 33 ± 0

. 0 9 ± 0

. 11 ±0

.92 ±0
01 ±0

08 ±0
64 ±0

91 ± 0

79 ±0

27 ± 0 .

77 ± 0 .

97 ± 0.

.10

.32
,19
.12

.44

.06

.05

.10

.07

.13

.24

.04

.32

.06

.09

.09

.46

.06

.25

12

20

95

03

•Lymphocytes to target
#The cultured cells did
* Values different from

cell ratio 500:1 instead of the usual 1000:1.
not survive 48 hours of incubation.

1.0 by more than 1 S.E.



Table IV.

CYTOTOXICITY INDICES FOR LYMPHOCYTES FROM PATIENT 03-402

TESTED ON TWO OCCASIONS ABOUT TEN MONTHS APART

Tested on May 1973

No. of target cells
surviving after
48 hrs. incubation

Cell line RPM1-41

Patient

36

35

67

54

67

52 ± 7

Control

231

291

380

301 ± 43

Cytotoxicity
Index 0.17 ± 0.03

Tested on March 1974

No. of target cells surviving after 48
incubation

Cell line

Patient

640

752

766

856

753 ± 44

RPM1-41

Control

702

787

902

715

776 ± 45

Cytotoxicity
Index 0.97 ± 0.07

hrs.

Cell line SKOS-3b

Patient

168

176

181

175

200
152

175 ± 10.2

Control

139

159

187

191

207
192

179 ± 6.4

Cytotoxicity
Index 0.98 ± 0.067


