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SUMMARY

In vitro cell-mediated cytotoxicity (CMC) assays have
been carried out in human melanoma system with blood
effector lymphocytes on [3H]proline-labeled target cells in a
48-hr microcytotoxicity technique. Three lymphocyte pun
fication procedures (Ficoll:Hypaque gradient, plasma gel
sedimentation followed by nylon column incubation, and
plasma gel sedimentation followed by separation with nylon
powder and glass beads) are compared in parallel expeni
ments for characteristic effector cell composition and
cytotoxic potential against target cells of dissimilar histol
ogy. The cytotoxicity is defined by the loss of target cell 3H
cpm as measured by residual target cell 3H cpm in
individual microwell following incubation with lympho
cytes. Target cell 3H cpm loss by test lymphocytes is
compared with target cell 3H cpm loss by several age and
sex matched control lymphocytes (from normal donors and
unrelated cancer patients); further comparison between the
various control lymphocytes is also made in each assay. As
control for target cells, autologous fibroblasts and homolo
gous tumor cells of dissimilar histology are always included
in each assay. Specific cytotoxicity is defined as statistically
significant and selective destruction of only melanoma cells
by the test lymphocytes as compared to the control
lymphocytes. Significant but nonselective destruction of 2
or more target cells of unrelated histology is regarded as
nonspecific cytotoxicity, while no destruction of any target
cells signifies no cytotoxicity.

The Ficoll: Hypaque preparations consistently exhibit the
highest nonlymphocytic cell contamination (8 to 16%); the
nonlymphocytic cells are, almost exclusively, monocytes.
They also produce relatively high percentage of thymus
independent (B) cells (8 to 15%). The ultimate cell composi
tion of the 2 plasma gel-nylon preparations is essentially
identical. In either plasma gel-nylon preparations, the
nonlymphocytic contamination is minimal (0 to 4%) and
thymus-dependent (T) cell percentage is considerably
higher (92 to 99%) with none or few B cells. Nylon column
fractionation of Ficoll:Hypaque preparation exhibits the
same characteristics of any nylon preparation. Results of
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the CMC assays indicate that the control lymphocytes of
ten produce variable base-line cytotoxicity. Interpretation of
cytotoxicity by test lymphocytes, therefore, varies since
specificity of cytotoxicity by test lymphocytes is determined
in relation to control lymphocytes. Dramatic reversal of in
terpretation is often seen in the same assay when comparison
is made between test lymphocyte cytotoxicity and different
control lymphocyte cytotoxicity. Target cells of dissimilar
histology exhibit significant variation in sensitivity to a
given lymphocyte preparation even under identical expeni
mental conditions. Furthermore, interpretation of specific
ity may vary when comparison is made between different
target cells incorporated in the assay.

These results do not argue against demonstration of
tumor-related specificity in in vitro CMC assay in human
tumor system(s). Despite variabilities in the cytotoxic
behavior of different effector cell preparations and in the
sensitivity of different target cell types to a given effector
cell preparation, tumor-specific cytotoxicity by autologous
and/or allogeneic lymphocytes agaisnt tumor cells of simi
Ian histology might be demonstrated through large scale in
vitro CMC assay and by appropriate statistical analysis.
Results of this study, however, suggest that biological
significance of such â€œspecific,â€•perhaps more appropriately,
â€œselective,â€•cytotoxicity should be drawn in context of these
possible variables in the assay.

INTRODUCTION

Ever since Takasugi and Klein (34) described their in
vitro microcytotoxicity technique as a method of studying
CMC,3 many investigators have applied their basic tech
nique in studies of CMC in vitro in various human tumor
systems. Using such techniques, the HellstrÃ¶m a a!. (17)
and subsequently other investigators (1, 3, 5â€”13,15â€”19,23,
24, 30, 31, 33) have reported data suggesting â€œspecificityâ€•in
CMI in human tumors of diverse histology. Furthermore,
correlating in vitro CMC data with clinical status of
patients, some investigators have suggested that the level of
CMC might be influenced by the more advanced stages of
the disease (1, 12, 30), therapy (9, 30), and have indicated
that circulating factors capable of abrogating CMC in vitro

@Theabbreviations used are: CMC, cell-mediated cytotoxicity; CMI,
cell-mediated immunity; FCS. fetal calf serum; BSS, balanced salt
solution; CI, cytotoxicity index; PBS, phosphate-buffered saline (0.138 M
NaC1, 0.0027 M KCI, 0.008 M Na,HPO4, and 0.0015 M KH,P04).
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(blocking factors) can be detected in sera of patients with
progressive disease (12, 18, 19).

Despite the seemingly impressive number of publications
on this subject affirming specificity and usefulness of in
vitro microcytotoxicity technique in CMC studies in hu
mans, considerable controversy and doubt have lately been
generated regarding several aspe@t@of the technique and its
relevance in studies of CMI in vitro. Furthermore, re
cently reported data seriously challenging specificity of in
vitro CMC In human tumors (35) have raised questions
about the methodology itself.

Despite differences in the methodology used by individual
investigators, certain common features in the basic method
ology in in vitro microcytotoxicity experiments do emerge.
With rather rare exceptions, these include: (a) the use of
cultured (short-term or long-term) tumor cells as target
cells; (b) 40 to 48 hr incubation period with effector cells and
target cells; (c) the use of FCS in the interaction; (d) the use
of peripheral blood lymphocytes from patients with Un
related tumors, or normal donors as effector cell control
and autologous normal cell and/or homologous tumor cells
as target cell controls; and (e) visual counting of residual
target cells. Apart from the minor differences in the
techniques, the major differences appear in 2 areas: Area
1, method of peripheral blood lymphocyte purification;
Area 2, the experimental design for control of specificity.

Although the importance of the experimental design is
widely acknowledged (8) and recent reports suggest that
procedure for effector-cell separation may influence in vitro
CMC assay (I I, 20, 31), a well-coordinated study designed
to define the possible major variables in the assay and an
appropriate experimental design capable of providing speci
ficity control is not available.

Without ignoring various minor differences in the
methods used by various investigators, the confusion and
controversies regarding in vitro CMC technique in human
tumor systems appear to center around the following
questions. (a) Does an in vitro cytotoxicity method consist
ing of visual counting of residual target cells truly reflect
cytotoxicity? (b) Does the manner in which the peripheral
blood lymphocytes are prepared influence cytotoxicity? (c)
What should comprise an appropriate experimental design
(control for effecton cells and target cells) for objective
interpretation of specificity?

A workshop in human tumor immunology held at the
Sloan-Kettering Institute in New York (27) and another
conference on cellular immune reactions held at the Na
tional Cancer Institute, Bethesda, Md. (8), addressed many
of these questions. Extensive discussions were held by the
participants of both workshops on the complexities involved
with the performance and interpretation of in vitro CMC
assay that has been elegantly articulated in the preface (20)
and the concluding remarks (20) by the chairman ofthe 2nd
conference held at the National Cancer Institute. A more
recent workshop on CMC in bladder cancer has been held at
the Sloan-Kettering Institute and, although the results of
the workshop are not available in detail, many ofthe related
questions remain unresolved4.

4 M. A. Bean, personal communication on the Second Workshop on

Considering the timeliness and the need for coordinated
studies addressing some of the major aspects that appear to
have significant bearing on the relevance of in vitro CMC
technique in human tumor systems, we have undertaken a
study to examine some of these major aspects in in vitro
CMC technique and we report some observations pertinent
to this subject.

MATERIALS AND METHODS

A CMC system involving isotope retention by isotope
labeled target cells has been used throughout this study as a
measure of true cytotoxicity. Of the available isotopic
techniques, an isotope retention technique with [3H]proline
labeled target cells as described by Bean et al. (I, 2) has
therefore been chosen.

Target Cells

Because of our familiarity with the human melanoma
system and ready availability of several human melanoma
tumor cell lines in early in vitro passage, melanoma cells
have been used as primary target cells (along with target
cells of other histology) in this study.

Tissue Culture. Sterile specimens of tumors obtained
from biopsies are finely minced with curved scissors. The
resultant mince and the cell suspension are washed in Ham's
F-lO medium (Grand Island Biological Co., Grand Island,
N. Y.) and resuspended in the same medium containing 100
units of penicillin per ml and 100 mg of streptomycin per
ml, supplemented by 20% FCS (Microbiological Associ
ates, Bethesda, Md.). Tissue cultures are grown in mono
layer in T 60 or T 30 plastic flasks (Falcon Plastics, Oxnard,
Calif.) at 37Â°. Cultures are fed 3 times weekly and
trypsinized with 0.25% trypsin (Sigma Chemical Co., St.
Louis, Mo.) when such cultures grow confluent. All cultures
are periodically tested for Mycoplasma contamination by
standard recommended technique (14) and only cultures
free of Mycoplasma contamination are used.

Labeling of Target Cells. Target cells are prelabeled with
[3H]proline as described by Bean et a!. (2). In brief, a 70 to
90% confluent monolayer culture in T 60 or T 30 plastic
flasks is washed 3 times with 0.3 ml of Ham's F-b medium
(free of proline) with 15% FCS. Five ml of medium with
10% FCS and 50 sCi of [3H]proline (45.7 Ci/mmole; New
England Nuclear, Boston, Mass.) per ml are added to T 60
flasks or 2.5 ml to T 30 flasks, and the cultures are incu
bated for 20 to 24 hr. After labeling, the monolayer cultures
are washed gently 3 times with Ham's F- 10 medium con
taming 20% FCS, and the cells are detached with 0.25%
trypsin, washed twice with appropriate medium with 20%
FCS, resuspended in the test medium, and distributed into
the wells of Linbro 6-mm microcytotoxicity plates (Linbno
Chemical Co., New Haven, Conn.). Depending upon the de
sired ratio, 500, 1000, or 2000 viable labeled target cells are
plated in each well.

Cell-MediatedCytotoxicity in Human Bladder Cancer. held at the Me
morial-Sloan Kettering Cancer Center, New York, N.Y., 1974.
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washed once with Hanks' BSS, and resuspended in Ham's
F-lO medium with 15% FCS.

Separation by Plasma Gel Sedimentation and Nylon
Powder and Glass Bead Fractionation. A technique previ
ously described by Woods (37) is used. By this method,
lightly heparinized peripheral venous blood is first sedi
mented of erythrocytes in plasma gel; the platelets, granulo
cytes, and monocytes are then removed in a clot by agitation
of the plasma supernatant @ina plastic TA-3 transfer pack
(Fenwal Laboratory) containing nylon powder (Polypenco,
Reading, Penn.) and glass beads. Briefly, 60 ml of hepanin
ized blood (0.5 unit of preservative-free hapanin per ml) are
mixed with plasma gel (2: 1) and sedimented at 37Â°for 45
mm. The plasma supernatant is expressed slowly into
another transfer pack containing 6.2 ml of nylon powder
preparation (1 g of nylon powder in 50 ml of Hanks' BSS)
and 14 sterile glass beads. A gentle mixing action is achieved
by rotating the plastic bag on a circular disc for 1 to 2 hr
when the adherent cells are removed in a clot. At the end of
this procedure, the lymphocyte suspension is decanted into a
plastic centrifuge tube containing preservative-free heparin
(20 units/ml), and it is centrifuged at 1500 rpm for 20 mm.
The supernatant is discarded and the pellet is washed with
20 ml of Hanks' BSS and centrifuged at 1000 rpm for 10
mm. The pellet is resuspended in 5 ml of Ham's F-lO
medium supplemented with 15% FCS.

All lymphocyte preparations suspended in Ham's F-b
medium supplemented with 15% FCS are stored in 10%
dimethyl sulfoxide at a cell concentration of I x l07/ml in
approximately 1-mb volume in the vapor phase (â€”130Â°to
â€”160Â°) of a liquid nitrogen freezer (Linde LD-40 tank,

Union Carbide, New York, N. Y.; distributed by Cryogen
etics East, Burlington, Mass.). Prior to experiment, the
frozen cells are rapidly thawed, washed twice in 10 ml of
Hanks' BSS, and resuspended in Ham's F-b medium; the
volume ofthe cell suspension is readjusted as per desired cell
concentration. Viability of each preparation is determined
by the trypan blue dye exclusion technique. This particular
preservation technique consistently yields viable cells ex
ceeding 90%.

Characterization of Effector Cells. Effector cells isolated
by various techniques are characterized morphobogically by
differential cell count with Wright's stain, chloroacetate
esterase, and nonspecific esterase stains. Relative T-cebl and
B-cell composition is determined by spontaneous sheep
RBC rosette test as T-cell marker and by surface immuno
globulin as B-cell marker (21) respectively. The fluorescein
conjugated anti-human immunogbobulin (polyvalent) is ob
tamed from Meloy Laboratories, Inc., Springfield, Va.

Microcytotoxicity Test

Microcytotoxicity tests are carried out with [3Hjproline
labeled target cells in monolayer in the wells of Linbro
6-mm microcytotoxicity plates. The target cells are allowed
to attach to well bottom at 37Â°in 5% CO2 for 18 to 24 hr.
Effector cells are added into the wells suspended in 100 zl
Ham's F-lO test medium. After an initial incubation of
effector cells and target cells at 37Â°in 5% CO2 for 45 mm,

Effector Cells

Three methods of purification of peripheral blood lym
phocytes (2 were most frequently used by other investigators
and the other was used in our laboratory in prior studies)
have been used.

Separation by Ficoll:Hypaque Gradient. Peripheral blood
lymphocytes are purified by a slight modification of Ficoll:
Hypaque gradient technique as described by Boyum (4).
Briefly, 20 ml of hepaninized venous blood (20 units of
preservative-free hepanin per ml) are mixed with 40 ml of
PBS. Thirty ml of the blood PBS mixture are carefully
overlayed onto 10 ml Ficoll:Hypaque (9% Ficoll:33% Hy
paque, 12:5) (Ficoll, Pharmacia Fine Chemical, Uppsala,
Sweden; Hypaque, Winthrop Co., New York, N. Y.) in
50-mI plastic tubes and are centrifuged for 45 mm at 1400
rpm. Following centnifugation, the interface band is aspi
rated, washed once with calcium and magnesium-free PBS
(PBS:interface 3: 1), and centrifuged at 2000 rpm for 10 mm.
The pellet is resuspended in 5 ml Ham's F-b medium
supplemented with 15% FCS.

For further enrichment and removal of adherent cells, the
mononuclear suspension derived from Ficoll:Hypaque gra
dient centnifugation is passed through a nylon wool column
as described in the following section.

Separation by Plasma Gel Sedimentation and Nylon Wool
Column Fractionation. A modification of the technique
described by O'Toole et a!. (30) is used. Briefly, 60 ml of
hepaninized blood (0.5 unit of preservative-free hepanin per
ml) are mixed 2: 1 with plasma gel (Laboratoire Roger
Bellon, Neuilly, France, distributed by HTI Corp., Buffalo,
N. Y.) and sedimented at 37Â° for 45 mm. The plasma
supernatant is expressed into a 50-mi plastic centrifuge tube
and centrifuged at 2000 rpm; the pellet is then resuspended
in I5 ml of the autologous plasma after the remainder of the
supernatant is discarded. The cell suspension is then poured
into a nylon column wetted with Hanks' BSS (Grand Island
Biological).

The nylon column is prepared by a method described by
Julius et a!. (22). Nylon wool is obtained from Fenwal LP-7
Leuko Pak:Leucocyte filter (Fenwal Laboratories, Morton
Grove, Ill.). Prior to packing, the nylon wool (contents of up
to 3 Fenwal filter packs) is soaked in 0.9% NaCI solution in
a 1-liter beaker for 3 hr at room temperature and subse
quently washed repeatedly in distilled water (5 changes of
water in I week). The washed nylon wool is expressed free of
excess water and dried at 37Â°,and 2.4 g ofthe washed nylon
are packed into the barrel, with the top sealed by a sterile
Syringe cover secured with masking tape. The column is held
in vertical position with the help of clamps and stand, and
the syringe tip is connected with a Butterfly-19 infusion set
(Abbott Laboratories, North Chicago, Ill.) fitted with a
screw clamp for collection of fraction.

The cell suspension is loaded onto the nylon wool column
with the outlet open until the entire volume is absorbed.
Thereafter, the outlet is closed, and the column is incubated
for 45 mm at 37Â°. Following incubation, the cells are
collected by rinsing the column with 50 ml of Hanks' BSS
(warmed to 37Â°),'centnifuged at 2000 rpm for 15 mm,
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bOO @lof F-lO medium with 40% heat inactivated FCS are
added to each well to bring the final FCS concentration to
20%. The incubation continues for an additional 46 to 48 hr.
Lymphocytes are added to each well at a ratio of 125:1
(lymphocytes:target cells, 250,000:2000). The plates are
incubated at 37Â°in 5% CO2 in air for 46 to 48 hr and then
inverted, the medium is shaken out, and then the plates are
dipped twice in PBS with 5% FCS (37Â°). The plates are
subsequently allowed to dry and are sprayed lightly with
F1uoroGLIDE (Chemplast Inc., Wayne, N. J.) in order to
prevent loss of labeled residual target cells on the surface
of well bottoms during processing. The bottoms of wells
are punched out with a hand-operated punch press, with
a cutting die of 6.5-mm diameter and a punch of 6.3-mm
diameter, and transferred to scintillation vials. To each vial
0.3 ml of protosol and 0.9 ml of methanol are then added at
room temperature 30 mm prior to addition of 10 ml of
scintillation fluid (4 g of Omnafluor per liter of toluene)
(Omnafluor; New England Nuclear, Boston, Mass.; tolu
ene, Fisher Chemical Co., Fairlawn, N. J.). The vials are
kept at room temperature for 24 hr prior to counting to
allow for complete solubilization of the tnitiated cells. The
bottoms of the wells dissolve in the scintillation fluid and
produce no additional quenching. Each assay is performed
in 6 to 10 replicates, and 5 to 8 rows of lymphocytes are
tested in each plate with the peripheral rows of wells not
being used. 3H cpm is performed in a Packard Tni-Carb
liquid scintillation spectrometer (Packard Instrument Co.,
Downers Grove, Ill.).

Analysis of Data

In this study, cytotoxicity (reduction of target cells) is
defined by reduction of target cell 3H cpm count. For
evaluation of effect of different methods of lymphocyte
purification on cytotoxicity, percentage of cytotoxicity by a
given lymphocyte preparation is calculated in relation to
media control, and then comparison is also made between
lymphocytes prepared by different methods for significance
of difference, if any. For evaluation of effector cell control,
comparison of significance of difference in cytotoxicity by
test lymphocytes is made with cytotoxicity by age:sex
matched control lymphocytes (normal donor:cancer pa
tients of unrelated histology). A CI is calculated by the
following formula:

Residual cpm with control lymphocytes
CI =@ residual cpm with test lymphocytes

RESULTS

Target Cells

Five target cell types have been used in this study. Table I
shows the derivation and characteristics of the target cells.
Attempts to include benign nevus cells as a target cell
control has been unsuccessful, because we failed to maintain
benign nevus cells in culture for a reasonable length of time.
The cell line JOCaF, an autologous skin fibroblast line, has
been derived from the same patient from whom the
melanoma cell line JOCaM is derived. The cell lines ioCaM
and HaLe are established from metastatic nodules from 2
Caucasian male patients with histological diagnosis of
nodular malignant melanoma. Both lines produce pigment
in vitro and are transplantable in immunosuppressed Wi
star-Furth rats as per methods described earlier (25).
Explants of transplanted tumor exhibit histological features
of malignant melanoma and can be subcultured in vitro.
The melanoma cells maintained in in vitro tissue culture and
the transplanted cells in subculture exhibit aneuploid karyo
type with banding characteristics of human chromosomes.
The cell line HCT-8 is derived from human colon cancer
and has been established and characterized by Tompkins et
a!. (36) in an earlier publication. The cell line SK-LMS1 was
originally established by G. Trempe (unpublished cell line,
1972) at Sloan-Kettering Institute for Cancer Research,
N. Y., from a 43-year-old female with a histological diagno
sis of leiomyosarcoma of the vagina. This line is also trans
plantable and exhibits banding characteristics of human
chromosomes.

All cell lines included in this study have been of relatively
comparable early in vitro passage level and are free from
any demonstrable Mycoplasma contamination.

Effector Cells

The representative characteristics of the effector cells
prepared by different methods have been shown on Table 2.
Of the different effector cell preparation from 18 donors
studied for characteristics, the Ficoll: Hypaque preparations
exhibit the highest nonlymphoid leukocyte contamination
(ranging from 8 to 16%) and the nonlymphoid leukocytes,
almost exclusively, are monocytes (nonspecific esterase
positive, chloroacetate esterase negative). Apart from mon
ocytes, platelets and platelet aggregates are present in
moderate quantity in the Ficoll:Hypaque preparation. Ap
proximately 78 to 90% of the lymphoid cells in Ficoll:
Hypaque preparation exhibit T-cell marker by spontaneous
sheep RBC rosette test, while 8 to I5% demonstrate
surface immunogbobulin as B-cell markers. Approximately
6 to 10% of the lymphoid cells cannot be accounted for
either by spontaneous sheep RBC rosette test or surface
immunoglobulin marker.

Characteristics of the effector cells prepared by the
plasma gel sedimentation and nylon fractionation methods
(nylon wool column, nylon powder, and glass beads) are
essentially identical. Nonlymphoid beukocyte contamina
tion is minimum and ranges from 0 to 4%. Of the 2 nylon
fractionation methods, the nylon powder:glass bead separa

x 100
Residual cpm with control lymphocytes

Specific CMC by test lymphocytes is defined as statistically
significant and selective destruction of only primary target
cells (melanoma cells in this instance) by test lymphocytes in
comparison to control lymphocytes. Significant but nonse
lective destruction of 2 or more target cells of unrelated
histology is regarded as nonspecific CMC, while no destruc
tion of any target cells signifies no CMC.

Finally, significance of difference of reduction of 3H cpm
by test lymphocytes is determined by Student's 1 test.
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Target
cellIn

vitro
passage Contam

Diagnosis level Morphology Marker inationXenotransplantationJOCaMMelanoma

5-31 Spindle PigmentNonePositiveHaLeMelanoma
6- 14 Spindle PigmentNonePositiveHCT-8Colon

cancer 8-20 Epithelial Carcinoembryonic None
antigenUntriedSK-LMS1Leiomyosarcoma

9â€”18 SpindleNonePositiveJOCaFNormal

skin 5- 16 FibroblastNoneTable

2

Effector cellcharacterizationLym

phocyteWright's

stain Sheep
RBC

Lym- Mono- Granu- rosetteS'lgbdonorDiagnosis
Methoda phocyte cyte locyte (T) (B)T +BB.M.Normal

FH 91 9 0 81 12
PG:NC 99 1 0 92 1
PG:NP 100 0 0 97 092

93
97GD.Melanoma

FH 91 9 0 82 10
PG:NC 99 1 0 91 I
PG:NP 98 0 2 99 092

92
99MB.Normal

FH 89 II 0 80 10
PG:NC 98 2 0 94 I
PG:NP 99 0 1 93 090

95
93AC.Melanoma

FH 88 12 0 79 12
FH:NC 99 1 0 93 191 94

Variables in CMC Assay in Melanoma

Table I

Target cell characterization

a FH, Ficoll:Hypaque; PG:NC, plasma gel:nylon wool column; PG:NP. plasma gel:nylon powder and glass

beads; FH:NC, FicoIl:Hypaque:nylon wool column.
b Surface immunoglobulins.

tion technique (Woods method) produces occasional granu
locyte (in contrast to monocytes in Ficoll:Hypaque tech
nique) contamination, while the nylon wool column tech
nique produces occasional monocyte contamination. No
platelet or platelet aggregates are present in either prepara
tion, but erythrocytes are present in minimal quantity in
both preparations. Either nylon fractionation technique
contains the highest number of lymphocytes with T-cell
markers (92 to 99%), with none or very few (0 to 1%) cells
exhibiting B-cell marker. Again, 0 to 4% (occasionally as
high as 7%) of the lymphoid cells cannot be accounted for
by either cell markers used in this study. The effector cells
prepared by Ficoll:Hypaque technique, but subsequently
passed through a nylon wool column, exhibit characteristics
identical to those prepared by the plasma gel:nybon wool
column method (Table 2, Donor A. C.).

Effect of Various Effector Cell Preparations on CMC

Table 3 shows a representative experiment demonstrating
the effect of various effector cell preparations on cytotoxic
ity. Effector cells prepared by Ficoll:Hypaque method
consistently exhibit significantly higher cytotoxicity against
the melanoma cells compared to effector cell preparations
by either nylon fractionation technique. No significant
difference in cytotoxicity is observed between the 2 nylon

preparations against all target cell types tested.
The cytotoxicity by the different effector cell preparations

on the HCT-8 target cells is somewhat inconsistent. Al
though the Ficoll:Hypaque preparation from Donor R. H.
is significantly more cytotoxic than the plasma gel:nylon
preparations, the results are opposite with Donor M. B. and
G. D. (Table 3). This reversal of the trend can be seen in a
series of subsequent experiments shown in Table 4. In this
set of experiments, the Ficoll:Hypaque preparations exhibit
significantly higher cytotoxicity against the melanoma cell
line ioCaM compared to the plasma gel:nylon preparation,
but a complete reversal of the trend is observed against
the HCT-8 target cell line.

The difference in the degree of cytotoxicity between
different effector cell preparations are observed irrespective
of clinical diagnosis of effector cell donors (melanoma,
nonmelanoma, normal); however, the cytotoxicity by effec
ton cell preparations is uniformly higher against the target
cell line HCT-8.

Table 5 shows the effect of nylon wool fractionation of
Ficoll:Hypaque preparation on cytotoxicity of target cells
JOCaM and HCT-8. Significant difference in cytotoxicity is

observed with the FicoII:Hypaque preparation and the same
effector cells undergoing subsequent nylon column fraction
ation. Interestingly, the reversal of sensitivity of the HCT-8
and JOCaM cells is again demonstrable.
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Lym

TargetccIIJ0CaMHCT-8%HaLe%%phocytereduc

reduc reduc
donorDiagnosisMethodacpmtionbcpmtionbcpmtionbR.

H.MelanomaFH
PG:NC
PG:NP1533

Â±47c
2019 Â±91
2172 Â±10344d

27@
2l@984

Â±58c
2036 Â±78
1883 Â± 1217@

39f
4413536

Â±l84c
4127 Â±140
4161 Â±13226'

l3@
l2@None2768

Â±1193363@ 1364764 Â±143M.
B.NormalFH

PG:NC
PG:NP1014

Â±60
1896 Â±163
2112Â±13861d

27@
20'538

Â±27
238 Â±28
299 * 3084d

93t
91f1747

Â±87
3428 Â±142
3619 Â±13652d

6@
ItNone2633

Â±1183504 Â±1283665 Â±121G.
D.MelanomaFH

PG:NC
PG:NP2143

Â±149
2889 Â±70
3010Â±1404@

20@
16'1946

Â±89
1467 Â±43
1346 Â±6053d

64'
67'3q43

Â±134
3854 Â±154
3864 Â±19429'

10'
10'None3601

Â±1414132 Â±1044300 Â±130

Lym

J0CaMHCT-8%%phocytereduc

reduc
donorDiagnosisMethodacpmtionbcpmtion5S.W.MelanomaFH1669

Â±147c53d1815 Â±12lc56dS.
W.MelanomaPG:NP2409 Â±l@33d1016 Â±12375dNone3601

Â±1394133 Â±104B.
M.NormalFH917 Â±3737d1067 Â±7358dB.

M.NormalPG:NP1253 Â±4913d585@ 8777dNone1455
Â±662553 Â±IllC.

D.NormalFH879 Â±4939'1957 Â±16523dC.
D.NormalPG:NPI 103Â±7924'920 Â±7464dNone1455

Â±662553 Â±116

B. Mukher/i et a!.

Table 3

Effect ofdifferent lymphocyte preparation on cytotoxicity

a FH, Ficoll:Hypaque; PG:NC, plasma gel:nylon column; PG:NP, plasma gel:nylon column and glass

beads.
tl In relation to media control shown as none. Difference between percentage reduction (pairs compared are

identified with Roman superscript letters) significant at p: d,f < 0.001; g,f < 0.005; e, f <0.025; f, f not
significantbyStudent'st test.

C Mean 3H cpm of 10 samples Â± SE. Effector cells:target cells = 125.1.

Table 4

Target cell sensitivity to effector cell preparation by different method

a FH, Ficoll:Hypaque; PG:NP, plasma gel:nylon powder and glass beads.

b In relation to media control shown as none. Difference between percentage reduction (pairs
compared are identified with superscript letters) significant at p: d-d < 0.001 and c-c < 0.05 @y
Student's t test.

C Mean â€˜H cpm of 10 samples Â± S.E. Effector cells:target cells = I 25: I.

cytes (R. B., L. W., V. R., and W. F.), therefore, vary
significantly when CI is calculated separately in relation to
Control Donors W. W. and T. T., particularly against the
HCT-8 target cells. Interpretation of cytotoxicity by test
lymphocytes, as per the criteria defined earlier, accordingly,
shows dramatic difference. Donor R. B. demonstrated
melanoma-specific (JoCaM cells) cytotoxicity when com
pared to Control Donor T. T. but was considered nonspe
cific when compared to Control Donor W. W. Similarly,
Donor V. R. exhibits colon cancer (HCT-8 cells)-specific
cytotoxicity in comparison to Control Donor W. W. but
shows no cytotoxicity while compared to Control Donor
T. T.
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Experimental Design

Result of Effector Cell Control Experiment. Table 6
shows one of the experiments in which the question of
effector cell control has been examined. Effector cells,
prepared by the Woods technique from 7 adult males of
comparable age who did not receive any prior blood
transfusion, are assayed in the same microcytotoxicity
plate.

Significant difference is seen in percentage of reduction of
residual 3H cpm in relation to the media control (W. W.,
T. T., E. T., and W. F.) and against both target cell types
(J0CaM and HCT-8). The Cl's of the various test lympho
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Variables in CMC Assay in Melanoma

Results of Target Cell Control Experiment. Table 7 shows
one of the experiments in which the role of target cell
control selection on interpretation of specificity has been
examined. Three target cell types have been included in this
experiment. Interpretation of cytotoxicity by the various
test effector cells has been shown separately taking into
account 2 target cell types and then all 3 target cell types. As
can be seen, the interpretation undergoes dramatic change
depending on the number of target cell types being taken
into account. Donor R. B. would be considered exhibiting
melanoma-specific (JoCaM cells) cytotoxicity when inter
pretation is based with regard to target cells JOCaM and
SK-LMS1 (assuming that JoCaF cells were not included in
the assay); however, taking target cells J0CaM and ioCaF
(assuming SK-LMS1 cells were not included), or all 3 target

cell types into account, the same donor is interpreted as
exhibiting nonspecific cytotoxicity. Similarly, opposite in
terpretation on specificity can be made with the effector
cells from Donor C. L., as shown in Table 7. Donor E. T.
with histological diagnosis of benign prostatic hyperplasia is
interpreted to demonstrate melanoma-specific cytotoxicity
in this assay (Table 7). Interestingly, in a different assay,
Donor E. T. has been interpreted as demonstrating nonspe
cific cytotoxicity in comp@anison to 2 other control donors
when tested against JOCaM cells and HCT-8 cells (Table 6).
Similar disparity in interpretation of cytotoxicity has been
encountered in assays incorporating the HCT-8 cells as one
of the target cell types.

Each variable presented in tabular data has been exam
med in 3 or more separate experiments. For brevity and to

Table 5

Target cell sensitivity to effector cell preparation by different method

a FH, Ficoll:Hypaque; FH:NC, Ficoll:Hypaque:nylon column.

b In relation to media control shown as none. Difference between percentage reduction (pairs compared are
identified with superscript letters) significant at p: c-c < 0.001; d-d < 0.005, f-f < 0.01, g-g < 0.025, h-h <
0.05 by Student's t test.

Table 6

Role of lymphocyte control selection on interpretation of cytotoxicity

a In relation to media control shown as none.

b CTX, cytotoxicity.

C Reduction of cpm by test lymphocytes (identified by superscript letters) compared to control lymphocytes; TT or WW significant at p: e < 0.001 . i <

0.005, g < 0.01, h < 0.025, f not significant by Student's z test.
d Mean â€˜Hcpm of 6 samples Â± SE. Effector cells:target cells = 125:1.
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Table 7

Role of target cell control selection on interpretation of CTX

a CI in relation to lymphocyte donor iS.

0 Mean 3H cpm of6 samples Â± SE. Effector cells:target cells = 125:1.

C Reduction of cpm by test LY compared to control LY significant at p < 0.001 by student's t test.

emphasize the problems associated with the performance
and interpretation of in vitro CMC assay, only illustrative
examples of I or a set of experiments have been shown.

DISCUSSION

No in vitro methodology has been subjected to as much
controversy as the in vitro CMC technique in human tumor
system. While serological methods are standardized and
their relevance in experimental tumor biology is well
established (28), in vitro CMC methods for studies of CMI
have been controversial. Since accepted standardization of
in vitro CMC assay is not available, comparison of reported
data by investigators using different techniques does not
permit objective evaluation of the methodology. Workshops
held for the same purpose again fail to resolve the contro
versy particularly since the participating investigators,
although conducting experiments with the same material,
use different techniques (lymphocyte purification, cytotox
icity technique, and even interpretation). Results reported
by others ( 11, 29, 32) and in this study clearly suggest that
certain major variables, such as methods of purification of
lymphocytes, choice of effector cells, and target cell con
trols, can significantly influence results in in vitro CMC
experiments.

The difference in cytotoxicity by the effector cells from
the same donor prepared by different techniques (Tables 3
to 5) appears to be due to the ultimate composition of the
effector cell preparation. Although the effector cells in most
CMC experiments are referred to as â€œlymphocytes,â€•the
effector cell characterization data (Table 2) in this study
suggest that the 2 most popular methods of preparing
lymphocytes produce ultimate cell composition, different
not only in nonlymphocytic cell contamination but also in
B- and T-cell composition. Our data in this regard are
comparable to those seen at the workshop held at the
Sloan-Kettering Institute4. It is widely acknowledged that
nonlymphocytic leukocytes (monocytes or granulocytes) are
cytotoxic and therefore might impart higher cytotoxic
potential to an effector cell preparation, such as Ficoll:
Hypaque preparation, where they relatively abound. The 2
techniques also produce different nonleukocytic contamina

tion as well. These are small platelets and platelet ag
gregates in the Ficoll:Hypaque technique, and erythro
cytes in the plasma gel:nylon fractionation method. Al
though it is not clear what effect these nonleukocyte con
taminants might have on cytotoxicity, it has been sug
gested that platelets might be cytotoxic and erythrocytes
might interfere with cytotoxicity by a â€œcrowdingeffect.â€•
Many investigators have added an additional step for
erythrocyte lysis by Tnis-NH4CI buffers; however, con
firmation of the so-called crowding effect of erythrocytes
is not available. On the contrary, minimal erythrocyte
contamination in the plasma gel:nylon preparation, par
ticularly in cryopreserved effector cells, does not appear
to affect cytotoxicity in this study. Finally, these tech
niques produce significant differences in B- and T
lymphocyte composition of a given effector cell prepara
tion, thus adding another factor that might, in part, be
responsible for the difference in cytotoxicity seen in this
study (Tables 3 to 5). Conflicting reports on cytotoxic
potential of T-cell-nich and T-cell-poor lymphocyte
preparations on cultured target cells have been published
(11, 24, 31, 32, 38).

Interestingly, the difference in cytotoxic potential ob
served with different effector cell preparations does not
appear to be a general or universal phenomenon. This is
evident from the data that, while the Ficoll:Hypaque
preparations demonstrate significantly higher cytotoxicity
on the melanoma cells over the plasma gel:nylon prepara
tion, the opposite effect is seen on the HCT-8 target cells.
Although this discrepancy in the cytotoxic behavior of a
given effector cell preparation is not clearly understood, it
seems that target cells of different histological derivation
might exhibit significant difference in sensitivity to effector
cells prepared by a given technique even under identical
experimental conditions. This selective sensitivity of target
cells of dissimilar histology might explain the apparently
conflicting observations in earlier reports (1 1, 24, 31, 32,
38). Difference in tissue antigen might be responsible for
such selective target cell sensitivity.

Another major variable, capable of influencing the inter
pretation of the result of CMC appears to be the choice of
effector cell control. The data (Table 6) in this study suggest
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that, even when effector cell controls are chosen with cane,
matching them by sex and age (eliminating those receiving
transfusions) with the test lymphocytes, considerable vania
tion of base-line cytotoxicity seems to be the rule rather
than the exception. Since only a limited number of control
lymphocytes can be assayed with the test lymphocytes in I
microcytotoxicity plate, any significant variability in the
base-line cytotoxicity, therefore, is liable to produce ennone
ous interpretation of results, particularly when intenpreta
tion of specificity of cytotoxicity by test lymphocytes is
based in comparison to the control lymphocytes. Apart
from the variability encountered with the effecton cell
control, the choice of target cell control, similarly, appears
to add another variable that is also potentially capable of
influencing interpretation of cytotoxicity. Selection of tan
get cell control in in vitro CMC experiments has always
been an unresolved and difficult problem. Ideally, the
appropriate control for target cells would be the correspond
ing autobogous tissue from which the tumor originates. This,
however, is not a practical proposition; accordingly, inves
tigators have used either autobogous normal cells (such as
fibroblasts, epithelial cells, etc.) or homologous tumor cells
of unrelated histology as target cell controls. This study
suggests that inclusion of only I type of target cell control
might not be sufficient, since addition of another target cell
type might alter interpretation (Table 7). Furthermore,
inclusion of a target cell control of unrelated histology does
not ensure â€œappropriate control,â€• since target cells of
unrelated histology might exhibit significantly different
sensitivity to a given effector cell preparation even under
identical experimental conditions.

Despite demonstrable variability in base-line cytotoxicity
be control lymphocytes and variability in sensitivity of
target cells of unrelated histology to effector cells prepared
by a given technique, it may be possible to demonstrate
tumor-related specificity in in vitro CMC experiments, at
least by statistical analysis (provided enough effector cell
controls are included in each assay to provide a base line,
close enough to the media control, to serve as the â€œcontrolâ€•
for comparison), and diverse types of target cell controls are
included in each assay. Applying these principles in CMC
assay, we have recently presented a relatively large data
sample affirming specific lymphocyte cytotoxicity in human
melanoma (26)@ With an altogether different CMC assay
technique (visual assay and interpretation based on
media control) similar results have also been reported
earlier from this laboratory (7). Such tumor-related speci
ficity has been reported by other investigators (I, 10, 17,
32) as well.

This report, although it may appear antithetical to the
previous report (7) and overall data (26) presented recently
from this laboratory on data from other investigators' who
have attested to the existence of tumor-specific lymphocyte
cytotoxicity, does not argue against such demonstration of
tumor-specific lymphocytotoxicity. The purpose of this

I B. Mukherji, D. Vassos, A. Flowers, S. C. Binder, and L. Nathan

son. Selective and Nonselective Lymphocytotoxicity in Human Mela
noma: Observation on the Effect of Long-Term Culture and Fetal
Bovine Serum on Target Cell Sensitivity to Lymphocytes. Intern. J.
Cancer, in press.

communication is to present a controlled and coordinated
examination of the major variables in the performace and
interpretation of in vitro CMC assay to underscore that
objective evaluation of such specificity (perhaps more
appropriately, â€œselectivityâ€•in in vitro CMC assay, and in
CMI thereby) be made with the perspective under which the
variables are considered and the terms cytotoxicity and
specificity defined. Finally, biological significance of such in
vitro CMC assay, if demonstrated, should also be made
with the same perspective until further standardization of
the technique is available and its biological relevance is
clearly established.
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