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Research during the past decade has indi-
cated that most, if not all, human tumors
possess tumor-associated antigens (1). This is
based on iz vive and in vitro immunologic
test systems which use intact tumor cells (2,
3), tumor cell homogenates (4) and subcellu-
lar fractions obtained by sonic disruption,
enzyme digestion, and ultracentrifugation
(5-7) as the source of antigen. There is also
one report of a soluble tumor-associated an-
tigen found in the fluid of a cystic melanoma
(8).

Ideally, the use of soluble tumor antigens
will not only eliminate a number of technical
difficulties entailed in preserving and storing
tumor cells, but will also enable the investi-
gator to study patients sequentially in rela-
tion to their response to treatment. This solu-
ble antigen, if shown to be tumor specific and
immunogenic, may also be useful for specific
immunotherapy. Recent success in salt ex-
traction of soluble HL-A antigens (9) has led
investigators to apply similar methods to the
extraction of tumor-associated antigen from
chemically induced hepatoma in guinea pigs
(10). The antigenic activity of the extracted
material was determined by the skin reac-
tions in immunized and nonimmunized ani-
mals. This report presents preliminary evi-
dence that human tumor-associated antigen
can be separated by salt extraction and can
be used in a multifaceted immunological eval-
uation of the cancer patient.

Materials and Methods. The patient, a 60
year old white male, had undergone resection
of primary adenocarcinoma of the colon in
1962. Local recurrences were resected in

1 Supported by American Cancer Society Grant
ACS CI 22 and Grant CA 05831 from the National
Institutes of Health.

1964, 1966, 1968, and 1970. Radiation thera-
py or chemotherapy were not given. In
November, 1971, he presented with a left
abdominal mass. At laparotomy, a mucinous
tumor was found to involve the spleen with
multiple omental deposits. Splenectomy was
done and the histological diagnosis was muc-
inous adenocarcinoma, metastatic to the
spleen.

Exiraction of Tumor Antigen. A single cell
suspension was prepared from the fresh tu-
mor tissue (obtained at laparotomy) by scrap-
ing, teasing and sieving through a 60-mesh
screen into Medium 199 containing 50 pg
streptomycin and 50 U of Penicillin/ml. Red
blood cells were lysed by tris-buffered am-
monium chloride for 15 min (11), and 5 X
10? tumor cells with 40% viability by trypan

-blue dye exclusion (12) were used for anti-

gen extraction. The method previously de-
scribed by Meltzer et al. (10), was used with
slight modifications. Fifty ml of 3 M KCL
made in phosphate-buffered saline at pH 7.2
were added to the tumor cells in a 25 X 200
mm screw-cap glass tube. This equilibrated
on a rocker at 4°, 4 X 10* g for 16 hr. The
contents were then centrifuged at 0° for 60
min. The slightly viscid supernatant was
transferred into cellulose tubing and dialyzed
against 20 vol of deionized water for 1 hr.
This was followed by dialysis against 20 vol
of phosphate-buffered saline for 24 hr with
change of solution every 8 hr. To achieve rap-
id equilibrium, all dialyses were performed on
a rocker at 4°. The dialyzed extract was again
centrifuged at 0° and at 40,000g for 30 min.
The supernatant was concentrated by perva-
poration. The concentrated extract was then
mixed with an equal volume of 4 A am-
monium sulphate to precipitate the protein.
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After 1 hr of equilibration in the cold room,
the precipitate was centrifuged at 40,000g at
0° for 30 min. Supernatant was discarded
and the precipitate redissolved in 5 ml of
phosphate buffered saline, pH 7.2, It was
then dialyzed against phosphate buffered
saline for 4 hr. Protein concentration was
estimated by measurement of optical density
at a wavelength of 280 nm (OD 280). This
final preparation was sterilized by passing it
through a 0.45 p. Millipore filter' (Millipore
Corporation, Bedford, Massachusetts) and
was kept in the refrigerator at 4°.
Lymphocyte Cultures. Lymphocyte cul-
tures were prepared and stimulated as previ-
ously described (13). Venous blood was defi-
brinated by swirling with glass beads, the red
blood cells sedimented with dextran and the
resultant white cell rich serum adjusted to
10% lymphocytes per ml. Each culture con-
tained 10® patient’s or normal donor’s lym-
phocytes, 1 ml of patient’s or normal donor’s
heat-inactivated sera and 2 ml of minimal
essential media. Individual cultures were stim-
ulated with .05 ml of phytohemagglutinin-
M (PHA) (Difco Laboratories, Detroit,
Michigan), 109 allogeneic lymphocytes irra-
diated with 4,000 R (MLC) and with the
extracted tumor antigen in a dose range of
20-1000 pg/ml of culture. Cultures were har-
vested after 3 days of incubation at 37° in
air atmosphere containing 5% CO,. Mixed
lymphocyte cultures were harvested after 7
days. During the last 8 hr of incubation, 1
pCi of [®*H]thymidine (Schwarz BioRe-
search, Orangeburg, New York; sp act 1.9
Ci/mM) was added to the cultures. The
blastogenic responses were determined by the
incorporation of the isotope into the acid
insoluble fraction as measured by liquid scin-
tillation counting and expressed as counts per
minute per 10¢ lymphocytes (cpm).
Lenkocyte Migration Inhibition. Inhibition
of leukocyte migration was measured as de-
scribed by Wolberg (4) with slight modifica-
tion. Sixty ml of venous blood were defi-
brinated by swirling with glass beads. The
white cell rich serum was diluted with 3 vol
of normal saline and layered on top of a
Hypaque-Ficoll gradient (14) [10 parts of
33.9% Hypaque (Winthrop Laboratorties,
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New York, N.Y. mixed with 24 parts of 9%
Ficoll (Pharmacia Fine Chemicals, Uppsala,
Sweden) ] in siliconized 25 X 150 mm centri-
fuge tubes. Red blood cells and granulocytes
were sedimented through the gradient by
centrifugation at 500g for 40 min. The leu-
kocyte layer at the interface of the plasma
and the Hypaque-Ficoll containing approx-
imately 80% lymphocytes, 10% monocytes
and 10% granulocytes and a few red blood
cells was removed, washed twice with Medi-
um 199 and resuspended in Medium 199 at
concentration of 5 X 107/ml. Ten lambda
capillary pipettes (Drummond) were filled
with the cell suspension, sealed at one end
with clay (Clay—-Adams), and centrifuged at
150g for 8 min. They were then broken at
the cell-medium interface. The portion con-
taining the packed leukocytes was inserted
into the thin end of a siliconized 9 in. Pas-
teur pipette already filled with Medium 199,
with or without extracted tumor antigen, in a
dose range of 20-1000 ug/ml. This end was
sealed with clay and broken 2 in. beyond the
inner tube. This break was sealed with stop-
cock grease (Dow-Corning). After 20 hr of
incubation in a horizontal position at 37° and
in air atmosphere containing 5% CO., the
distance of migration along the Pasteur
pipette was determined under the microscope
with a submillimetric grid. Each experimen-
tal point was determined in 6 replicate capil-
laries. The mean distance of migration was
used to calculate the migration index as fol-
lows: migration index — mean distance of
migration with tumor antigen divided by
mean distance of migration of control. The
migration index in the control solutions
(Medium 199 alone) is thus 1.0. An index of
0.8 or less indicated significant inhibition of
leukocyte migration,

Skin Testing. To detect delayed hypersen-
sitivity, 0.1 ml of the extracted tumor antigen
was injected intradermally in the original
concentration of 6.7 mg/ml and also after
1:10 dilution. The patient was also tested
with a battery of established delayed hyper-
sensitivity skin test antigens. Induration was
measured at 24 and 48 hr, and was recorded
as the average diameter of two right-angle
measurements in millimeters.
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Results. The stock solution of the tumor
antigen that was used in the various tests
contained 6.7 mg/ml of protein and was bac-
teriologically sterile. Blastogenic response of
the patient’s lymphocytes to the extracted
tumor antigen was determined 1 week and 3
weeks after surgery (Table I). In the first
study a significant blastogenic response to the
tumor antigen was detected only in the
presence of normal donor’s serum. The MLC
also showed the suppressive effect of the pa-
tient’s serum. In addition, the response to
PHA was poor in both patient and normal
serum, suggesting a general defect in the pa-
tient’s lymphocyte function.

In the second study the response to PHA
had recovered and the tumor antigen stimu-
lated a more vigorous degree of blastogenesis.
Only a slight inhibitory effect of the pa-
tient’s serum was still present. In both
studies, the low dose of tumor antigen
(60-100 ug/ml) gave the most significant
blastogenic responses and inhibition was
noted at higher doses. Blastogenic response to
tumor antigen was not detected among nor-
mal donor’s lymphocytes although their re-
sponse to PHA and to the patient’s lympho-
cytes was adequate and a serum effect was
not observed. The migration. of patient’s leu-
kocytes was significantly inhibited by the tu-
mor antigen (Table IT). Maximum inhibition
of migration was demonstrated with antigen
concentration of 1,000 ug/ml. No inhibition
was demonstrated with antigen concentra-
tions lower than 330 ug/ml. The migration of
the normal donor’s leukocytes was not inhib-
ited. One week after surgery, the patient
showed delayed hypersensitivity skin reac-
tions to dermatophytin-O among the estab-
lished delayed hypersensitivity skin-test anti-

TABLE II. Leukoecyte Migration Test—Migra-
tion Indices of Patient’s and Normal Donor’s
Leukocytes with Various Antigen Concentrations.

Antigen Patient’s Normal
. concentration leukoeytes  leukocytes
Control 1.0 1.0
100 ug/ml 0.9 0.98
330 ug/ml 0.75 1.05
1000 pg/ml 0.45 1.42
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gens. At this time, his reaction to the tumor
antigen was negative. However, 3 weeks after
surgery a positive delayed hypersensitivity
skin reaction was observed and confirmed by
a punch biopsy (Fig. 1). There was 10 mm
induration to 0.67 mg and 6 mm to 0.067 mg.
The normal subject was not skin tested.

Discussion. The biopsy proven demonstra-
tion of delayed hypersensitivity and the pa-
tient-specific inhibition of in vitro leukocyte
migration to KCL-solubilized tumor antigen,
strongly indicate that we have indeed detect-
ed cell-mediated tumor immunity in this pa-
tient. The interpretation of the patient-
specific blastogenic response to the tumor an-
tigen is somewhat more complex. Cell-
associated allogeneic histocompatibility anti-
gens are recognized as foreign and stimulate
blastogenic response among lymphocytes that
have never previously been exposed to them
(15). On the other hand, individuals respond
to soluble histocompatibility antigens only
after prior exposure and sensitization (16,
17), although one report suggests that the
latter is not needed (18). This is also true for
soluble bacterial antigens (19).

The poor blastogenic response of patient’s
lymphocytes to the tumor antigen one week
postsurgery can be accounted for by relative
immunological incompetence as indicated by
the poor response to PHA and to allogeneic
lymphocytes and the inhibitory serum effect.
Three weeks postsurgery, a vigorous response
to the tumor antigen was associated with
recovery of the immunological competence.
Blastogenesis was stimulated with relatively
low doses of tumor antigen (60-100 pg/ml)
and doses higher than 330 pg/ml were inhib-
itory. C

The most striking finding in this study was
the failure of the normal donor’s lympho-
cytes to respond to the tumor antigen. A
related finding -was previously reported by
Jehn et al. (8), who demonstrated in- vitro
blastogenic response to soluble melanoma
antigen by lymphocytes from melanoma pa-
tients but not from normal subjects. This is
in contrast to our previous observation that
whole tumor cells almost invariably stimulate
blastogenesis among allogeneic normal don-
or’s lymphocytes (20-22). The latter reac-
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F1c. 1. Histological section from a skin biopsy, 24 hr after intradermal injection of tumor
antigen. Mononuclear cell infiltration around blood vessels is consistent with delayed hypersensitivi-
ty reaction. (H &E, original magnification X86—A); (H &E, original magnification X344—B).

tions could be to tumor-associated or to HL-
A antigens on the cell surface. Since the KCL
method extracts both tumor and HL-A anti-
gens, this confirms that allogeneic lympho-
cytes cannot respond to these antigens in
soluble form without prior sensitization.

In conclusion, we suggest the following hy-
pothesis: Peripheral blood lymphocytes can
mount a primary blastogenic response iz vi-
tro to foreign antigens, only if the latter are
cell-associated or particulate. In a soluble
form, the same antigens do not stimulate a
primary blastogenic response. They will, how-
ever, stimulate presensitized lymphocytes.
Thus, our patient’s lymphocytes responded to
the tumor antigen because they were presen-
sitized by the tumor iz vive. The normal
donor’s lymphocytes failed to respond to ei-
ther tumor-associated or HL-A antigens in
the soluble form because they were not
presensitized. Therefore, in the multifaceted
evaluation of cancer patients for specific tu-

mor immunity, lymphocyte blastogenic re-
sponse is a valuable adjunct to delayed cu-
taneous hypersensitivity and inhibition of
leukocyte migration, provided soluble tumor
antigen is used.
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