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Preface

Among the areas of expanding interest in cancer research, immunology is
one of particular current interest. In this volume five chapters are devoted
to various aspects of cell-mediated and humoral immunity. Transplantation
procedures in tumor immunology are also discussed. Various aspects of
membrane immunofluorescence are presented. I am especially appreciative
of the helpful advice of Dr. Jan Vaage, formerly at the M. D. Anderson
Hospital, Houston, and currently at the Massachusetts General Hospital,
Boston, for valuable advice and suggestions in the development of this
section. :

Some newer areas of interest in virology are detailed particularly relating
to satellite viruses, infectious nucleic acids, and subviral constituents. The
use of nucleic acids in studies on transformation are also reviewed. Itis clear
that the presentations in Volumes VII and VIII are part of the evolution of
critically useful methods in a number of fields of oncelogy. Further develop-

ments in these fields will be reviewed in future volumes of this treatise.
Harris BuscH
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The demonstration of immune responses to antigens associated with
tumor cells was achieved initially in animals using methods based on the
induction of transplantation resistance (Old and Boyse, 1964; Klein, 1966).
The immune responses detected by these methods were thus, by definition,
those-involved in protection of the host ‘against growth of his tundor. This
protection could be passively ‘transferred by immune cells, but not by serum,
and so appeared to be the result of lymphocyte-mediated immunity (Klein,
1966). As discussed elsewhere ini this volume (set Chapter II), the methods
of transplantation have been, and still can be, used to study many aspects
of host_tumor interaction., However, these methods are of riecessity limited
to studies with ariimals other than humans. Also, the immunity to tuthor
antigens is complex and involves both cell-mediated and antibody responses,
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4 G. H. HEPPNER

some toxic, some protective to tumor cells. These interacting responses
are difficult o assess in vivo. Therefore, in vitro methods either have been
developed, or borrowed from other areas of cellular immunology, to analyze
the immune responses to tumor antigens. . ,

This cliapter will discuss a number of assays which are currently being
used to detect cell-mediated, and related -antibody, responses.to tumor
antigens. These assays are not easy to perform and require first-hand ex.
perience to assess in any detail. This review will also emphasize methods
of measuring cell-mediated, arid associated antibody reactions, rather than
complement-fixing, cytotoxic antibody. However, many of the assays can
be used, with modifications, to measure cytotoxic antibodies.

I. Cell Culture Methods in Tumor Immunology

measured by the number of nuclei released following incubation in 6% citric
acid) after a 48-hour incubation with normal versus sensitized lymphocytes.
In addition, the ability of sensitized lymphocytes to éause‘cytopgtj;ic effects
on the target cells was also noted. Other investigators have also used estab-
lished monolayers of tumor cells in an effort to detect immune lympﬁbéyte

to reproduce, ,howeve;, resulting in variable results. The need for a more
casily quantitated method of growing tumor cells i vitro led to the deyelop-
ment of the cglony inhibition assays for stpdyfng.lymbhocytg-mééiated
cytotoxicity. . o . . '
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Hl. Colony Inhibition Tests
A. THE HELLsTROM CoLony INHiBITION TEST

The colony inhibition (CI) test was first developed by I. Hellstrom (1967).
This method, which is shown diagrammatically in Fig. 1, measures the ability
of sensitized lymphocytes to reduce the cloning efficiency of tumor cells cul-
tured in 60 X 15 mm plastic petri dishes. The tumor cells are initially cultured

TUMOR CELL MONOLAYER CULTURE

TRYPSINIZATION SINGLE CELL SUSPENSION

24-HOUR INCUBATION
LYMPHBOCYTE SUSPENSIONS (Normal va "lmmune")
3—4 DAY INCUBATION
FIX AND STAIN (Crystal Violet)

' TUMOR CELL COLONIES AFTER TREATMENT
WITH NORMAL OR IMMUNE LYMPHOCYTES

o

NORMAL IMMUNE

FIG. 1. The Hellstrom Colony Inhibition Test, (Hélls;rém. 1967.)
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in monolayer cultures using ‘@ medium appropriate for the particular cell
type” When a healthy, growing cylture is obtained, but before overgrowth
of the cells, the cells are trypsinized off the surface of the culture flask and
placed in suspension by careful, repeated pipetting. It is very important that
a single cell suspension be obtained. The cells are then pipetted in 4 ct'of
growth médium into the petri disties. The number of cells plated per dish
depends upon the cléning efficiéncy of the particulaf tiimor being used.For
ease in counting, one would like about 50 colonies per dish to develop in un-
treated cultutes. The &ells are then allowed to settle and stick to the surface of
the plastic dish by overnight gulture at 37°C in a 5% ‘CO, inl air atmosphere
The following day thé media, and nonsticking cells, are decanted from
each petri dish. Suspensions of lymphocytes (see Section IV) are pipetted
onto the cells*1t is best to carry out a titration of the number of lymphocytes
added per dish—having tests with alymphocyte to target cell ratio of 100:1,
1000:1, and so on’ This ratio is calculated on the basis of the number of tumor .
cells initially plated, rather than the number fixed to the surface of the dish
and capable of forming colonies."\lndecd,‘ this latter value is not known for
certain in any particular experiment until }bciendi/ The number of lympho-
cytes per target celh_maq~io achieve significant immune lymphocyte-
induced cytotoxicity varies with ditferent ‘Systems. In the mammary tumor
system a ratio of at least 1000:1 is mandatory (Heppner and Pierce, 1969).
In the CI test the effect of lymphocytes from test animals is always com-
pared to that of cells from control animals. The control lymphocytes may be
obtained from normal donors and, better yet, donors sensitized to an un-
related tumor! It is not justifiable to compare cultures incubated with test
lymphocytes to untreated cultures. Frequently the number of colonies de-
veloping in cultures treated with control lymphocytes will be greater than
"that in cultures incubated in medium alone. This is believed to be a result of
-a “feeder” effect of lymphocyte suspensions on the tumor cells (Carrel,
1922)} In any event, failure to recognize this may result in a seeming lack of
cytotoxicity by immune lymphbcytes,lwhieh;in-wothystems, may only be
enough to overconte the fééder effect” Orr'thi€ sthét hand, lymphocytes from
normal human donors may sometimes be cytotoxic for tumor cell cultures
for reasons apparently unrelated to sensitization to tumor antigensi(see
Section IV,B). Since the same effect presumably may also be a factor with
lymphocytes from tumor patiepts, comparkor of colony number in cultures
incubated with patient lymphocytes to tha of ynt_;‘ea}ed cultures may result
in false positive readings. of cell-mediated immuynity. ' :
The lymphocytes are added to the petri dighes in 0.5 cc volumes and incu-
bated for 45 minutes. The medium used for the lymphocyte suspension
should not Be a growth meditfin. ‘Theré i a fine liné at this point between al-
lowing for growth of tumor cells but not growth of various cells contained
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in the relatively impure suspensions of lymphocytes. Therefore, it is cus-
tomary to change to a “weaker” medium, say from Waymouth’s to Eagle’s
minimum essential medium (MEM) at this point. We also do not add any
serum supplement during the 45-minute incubation period. 'Certain batches
of serum may have nonspecific inhibitors of cell-mediated immunity. Unless
one has the facilities, and patience, to pretest all batches of serum for this
property, it is best to leave it out at this step? Following the 45-minute in-
cubation period, which is the main time of lymphocyte—-target cell contact,

medium is added to dilute the culture. Usually 2 cc of MEM is added with no
serum supplement, incubated overnight, and then an additional 2 cc con-
taining 307 fetal calf serum is added. With pretested séﬂm{ﬁwever,@
eould initially add 4 cc of 15% supplemented medium. Different tumor types
may require different ameunts of serum.

The tests are now allowed to incubate for 3-4 days. The medium is then
decanted, and the sticking cells are washed thoroughly with phosphate-buf-
fered saline (PBS). The cells are fixed and stained in 2%/ crystal violet in PBS.
The stain should be left on the cells from 2 to 5 minutes, depending upon the
cell type. Then the dishes are washed thoroughly in distilled water. Care -
should be taken during the washing and staining procedures. Hard jets of
liquid should never be aimed directly onto the cells.

After the platfs have dried, the colomes are ready tebe counted. This can
be done with an inverted microscopé’ Several cansiderations enter into scor-
ing colonies.”The number of cells making up a colony will differ from tumor
type to tumor type. Some tumors will never show large colonies under the
culture conditions used in the test. For cells to be considered a colony, that
is, descended from a single cell, as opposed to agroup of unrelated cells, it is
helpful to be able to see some cytoplasmic connection’ If this is not possible,
the relationship of the cells to each other may be useful. Cell clumps, or
groups of cells which were not broken up’ prior to plating, are generally
“tighter’” than in colonies and may still look like a piece of monolayer sheet.
One other problem in scoring colonies is differentiating between the tumor,
target ells, and other cells, such as ﬁbroblasts or macrophages, which may
be contaminants of either the tumor cell or lymphocyte suspensions. Plates
should be prepared of tumor cells glone and of lymphocytes a.lonc* so that
one can see the range of cell types in ¢ach suspénsion. If any cells plat frOm
the lymphocyte suspension, the procedure of preparation should: be re--
viewed (se¢e Section IV). There is no absolute way of distinguishing tamor
cells from normal cells in cyltufe. With experience onie should be able to
eliminate fibroblasts as a consideration. Some tumot cells may have suf-
ficiently different morphology (neuroblastoma), or may produce aparticular
product (melanoma) so as to éase identification. Otherwise, one tries, for
example, in the case of carcinoma, to count only epithelial-appearing



