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Summary.-Peripheral blood lymphocytes (PBL) were obtained from 13 patients
and tumour-intrinsic lymphocytes (TIL) from 20 patients with colorectal cancer.
The PBL were separated on a Ficoll-Isopaque gradient and the TIL by digestion of
the tumour with collagenase-DNase. Both PBL and TIL were passed through nylon-
wool columns and the eluted cells were co-cultured for 2 h with 51Cr-labelled tumour
cells from the same patient. If patients in whom spontaneous 51Cr release from the
tumour cells was greater than 3300 were excluded, PBL showed cytotoxicity for the
autoplastic tumour cells in 5/10 cases and TIL in 3/10 cases (NS). In 12 cases the
cytotoxicity of the TIL was compared with that for TIL from the same tumour after
the lymphocytes had been washed a further 6 times in Medium 199. Three effector:
target (E/T) ratios, 5:1, 10:1 and 20:1, were used. The proportion of effector popula-
tions showing cytotoxicity was 2/12 for unwashed TIL and 9/12 for washed TIL
(P<0.006). At the 5:1 E/T ratio the level of cytotoxicity was not significantly greater
for washed TIL, but at the 10:1 ratio washed TIL showed significantly more cyto-
toxicity (P <0-025). At the 20:1 E/T ratio, a comparison was possible in 15 cases and
the washed TIL again showed greater cytotoxicity (P<0-001).

THE ASSOCIATION of lymphoreticular
cell-infiltration in tumours with a favour-
able prognosis (Underwood, 1974) led to an
investigation of the immunoreactivity of
tumour-intrinsic lymphocytes (TIL)
against colorectal cancer cells from the
autochthonous host (Nind et al., 1973;
Nairn, 1976; Werkmeister et al., 1979).
It was found that TIL, washed x 6 after
separation, were cytotoxic to tumour
cells from the same patient in 18 of 60
cases (Werkmeister et al., 1979). Peri-
pheral-blood lymphocytes (PBL) were
cytotoxic in 15 of 44 patients from the
same series, and in only one case was there
an overlap in the cytotoxicity of TIL and
PBL. A correlation was found between
TIL cytotoxicity and perivascular cuffing
by lymphoid cells at the tumour edge.

In contrast Vose et al. (1980) found no
TIL cytotoxicity against tumour cells
from the autochthonous host in 6 patients
with colorectal cancer, though immuno-

reactivity was found in 15 of 23 cases
using lymphocytes from either the regional
lymph nodes or the peripheral blood.
Totterman et al. (1978) also failed to
demonstrate cytotoxicity of TIL for
autologous tumour cells in 6 patients with
a variety of neoplasms. Klein et al. (1980)
in similar experiments found TIL cyto-
toxic for autologous tumour celis in 10/39
cases, but none of these patients had
colorectal cancer.

These demonstrations of functional
paralysis (or absence) of effector cells
directed against the patient's tumour cells
led us to investigate further the reactivity
of TIL derived from colorectal cancers
against neoplastic cells of the autoplastic
tumour.

MATERIALS AND METHODS
Experimental design.-Tumour cells were

separated from colorectal cancers and labelled
with 51Cr. The cytotoxicity of lymphocytes
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extracted from the tumour (TIL) before and
after washing x 6 in culture medium was
compared against the tumour targets. Cyto-
toxicity of TIL was also compared with that
of PBL from the same patient. In the main
experiments lymphocyte cytotoxicity was
always evaluated against tumour cells from
the same patient. However in a subsidiary
experiment, as 3 tumours became available
on the same day, PBL from each patient were
reacted against the 3 tumours in a permuta-
tion assay.

Patients and biopsy specimens.-Twenty
patients were studied, 6 females and 14 males
with an age range of 54-79 years. Six colonic
and 14 rectal cancers were resected. The
operative specimen was opened immediately
and was thoroughly washed with Medium 199
(TC20 Wellcome containing 200,000 u peni-
cillin and 100,000 jug streptomycin per 100
ml). A full-thickness biopsy specimen weigh-
ing - 10 g was obtained from each tumour.
The remainder of the tumour was submitted
to routine histological examination.

Extraction of tumour cells and intrinsic
lymphocytes.-Fat and necrotic debris were
removed from the biopsy specimen. Macro-
scopically viable tumour was then cut into
small fragments with scissors. The tumour
fragments were incubated at 37°C for 45-60
min in Medium 199, with 2-0 mg collagenase/
ml (Type II from C. histolyticum, activity
200 i.u./mg (Sigma) and 0-2 mg DNase/ml
(Sigma)). The mixture was stirred constantly.
The coarse tumour digest was filtered by

gravity through 100-gauge stainless-steel
mesh and was washed (170 g for 5 min) in
Medium 199. The erythrocytes were lysed
with Tris-buffered NH4Cl (Boyle, 1968), and
the remaining cell pellet was again washed
x 2 in Medium 199. The cell pellet was then
resuspended in 20 ml of M199 and was
centrifuged at 60 g for 10 min to obtain
neoplastic cells in the pellet (Robins et al.,
1979).
The supernatant containing tumour-infil-

trating mononuclear cells was centrifuged at
120 g for 10 min, and the pellet was re-
suspended in M199 enriched with 10% v/v
heat-inactivated foetal calf serum (199-FCS).
The barrel of a 20ml plastic syringe was

loosely packed with 1 2 g nylon wool (Fen-
wall). The wool was saturated with 199-FCS
and the whole was incubated at 37°C for 1 h.
The mononuclear-rich cell suspension was
divided into 5ml aliquots, and each aliquot

was added to a nylon-wool column. After
further incubation at 37°C for 30 min, mono-
nuclear cells were eluted from the column by
addition of M199, at a rate of 1 ml/min. In 15
cases half of the eluate was then washed x 6
(170 g for 5 min) in M199 (TIL-washed).
Separation of lymphocytes from peripheral

blood.-Twenty ml of venous blood was with-
drawn preoperatively from each patient into
EDTA bottles. The blood was diluted with
the same volume of M199, and 15 ml was
layered on to an equal volume of Lymphoprep
(Nyegaard, Oslo). The whole was then spun
at 800 g for 20 min at room temperature. The
cells obtained from the plasma-Lymphoprep
interface were washed x 2 and resuspended
in 199-FCS. After incubation on a nylon-wool
column, the cell suspension was eluted as
before to produce an eluate of peripheral-
blood lymphocytes (PBL).

Labelling of the tumour cells with 51Cr.-
Ten ml of neoplastic cell suspension in 199-
FCS (3 x 106 cells/ml) were labelled by addi-
tion of 100 ,uCi 51Cr as sodium chromate
(Radiochemical Centre, Amersham) and in-
cubating at 37°C for 2 h. The labelled tumour
cells were then washed x 3 in M199 and
finally resuspended in 199-FCS.

Cytotoxicity assays.-The viability of the
tumour and lymphocyte suspensions was
determined by exclusion of 0.165% trypan
blue. Using viable cells, labelled tumour
targets (105 or 0 5 x 105 in 0-2 ml) were com-
bined with 0-2 ml lymphocytes (effectors)
from one of the 3 lymphocyte preparations:
TIL, TIL-washed and PBL. All cultures were
set up in triplicate, with effector: target ratios
of 5:1, 10:1, and 20:1. The effectors and tar-
gets were then co-cultured for 2 h at 37°C in
an atmosphere of 5% CO2 and 95% air.

After incubation each cell mixture was
centrifuged at 170 g for 10 min, and 0-2 ml
of supernatant (a) was removed. The remain-
ing supernatant and pellet was designated (b).
Each tube was counted for 10 sec and a mean
count for (a) and (b) was obtained for each
set of 3 tubes. The percentage 51Cr release
was calculated from the formula

2a x 100.
a+b

The percentage spontaneous release from
labelled tumour targets was determined from
3-6 cultures containing tumour cells alone.
The percentage maximum release was deter-
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mined by incubating tumour cells alone with a
1:50 dilution of Triton X-100.
The percentage cytotoxicity for each

effector: target mixture was calculated as:

% release (test) - % spontaneous release
% maximal release - % spontaneous release

x 100

In all cases the y ct/sec calculated automatic-
ally by the counter were used in these calcu-
lations. The mean ct/sec for a pellet contain-
ing 105 tumour cells alone was 122 + 68 (s.d.),
n=17.

In the main study (Tables II and III) there
were 17 patients. The spontaneous release of
51Cr from tumour cells in these cases was
25-4 + 36 s.d. It must be emphasized that
these figures refer to cells obtained from a
tumour biopsy specimen, in which there is
appreciable necrosis. Thus it might be
expected that spontaneous isotope release
in the present study would be higher than
normally seen using tumour-cell lines as the
target cells. Previous workers (Vose et al.,
1977; Vanky et al., 1980), using similar
biopsy material, accepted cytotoxicity results
where the spontaneous 51Cr release was
< 50% after 4h culture.

Cytological examination of tumour cells and
lymphoid cells.-Using a cytocentrifuge (Cyto-
spin, Shandon) smears were made from the
several tumour-cell and lymphocyte suspen-
sions after centrifugation at 700 rev/min for
5 min. The tumour cells were stained with
Leishman's stain. The lymphocyte smears
were stained with hexazotized p-rosaniline
and a-naphthyl acetate in acetone (3 h) to
demonstrate esterase activity, and were then
counterstained with aqueous toluidine blue
(30 min).

T-cell sub-sets, macrophages and non-T
cells were recognized by the criteria of
Ferrari et al. (1980). Both they and Svennevig
(1980) demonstrated a significant correlation
between the percentage of cells showing
punctate esterase staining and cells forming
E rosettes with sheep red blood cells.

RESULTS
The reactivity of PBL against autoplastic
and allogenic tumour cells
To check the dependence of lymphocyte

cytotoxicity on antigen recognition, PBL
from 3 patients (PBL1 etc.) were cultured

TABLE I.-The percentage of 51Cr released
from 51Cr-labelled tumour cells cultured in
the presence of peripheral-blood lympho-
cytes from the same patient and two other
patients. The percentage cytotoxicity at
each effector:target ratio is also shown.
The tumour cells were labelled for 2 h, and
then co-cultured with lymphocytes for a
further 2 h

Lympho- Effector:
cyte Tumour Target % 51Cr % Cyto-
donor donor ratio release toxicity
PBL1 T1 5:1 45 3 9 0

10:1 434 60
20:1 42 0 3 8

T2 5: 1 46 2 4 5
10:1 52-9 164
20:1 62-4 33 1

T3 5:1 40 6 6-3
10:1 46-1 14-7
20:1 53 2 25-6

PBL2 T1 5:1 54 0 22 9
10:1 61-6 35-0
20:1 692 4741

T2 5:1 46 5 5.1
10:1 45 2 2-8
20:1 516 141

T3 5:1 38 4 2 9
10:1 45 8 14 2
20:1 45 3 13 5

PBL3 T1 5:1 45 0 18 6
10:1 54 8 24 2
20:1 63-8 38 5

T2 5:1 48.7 9 0
10:1 58-8 26 8
20:1 717 49.5

T3 5:1 42 7 9.5
10:1 40-1 5 5
20:1 540 268

% spontaneous 51Cr release: T1, 39 6; T2, 43 6;
T3, 36-5.
% maximum 51Cr release: T1, 102 5; T2, 100-4;

T3, 101-8.

with tumour cells (Ti) from the same
patient and also with an allogeneic cells
(T2, T3) from 2 other patients. For each
PBL suspension cytotoxicity was greater
against allogeneic than autoplastic tumour
cells (Table I). T-cell cytotoxicity against
the tumour-associated antigens is genetic-
ally restricted, i.e. tumour antigens can
only be recognized by the cells of the
autochthonous host. However, T-cell
recognition of alloantigens is by definition
not restricted.
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TABLE II.- The percentage cytotoxicity of
peripheral-blood lymphocytes, for 51Cr
labelled* colorectal tumour cells, after 2 h
co-culture. Tumour target cells and effec-
tors from the same patients were combined
in 3 ratios

Patient
No.
1
2
3
4
5
6
7
8
9

10

D)ukes
stage
C
C
C
B
C
B
B
B
B
B

PBL
% cytotoxicity

A t
1:5 1:10 1:20t
Nil
10-7
4 0
Nil
2-6
6-5
6-3

11-4
Nil
6-6

8-7
20-9
4 0
6-3
Nil
2-7
6-6

13-3
Nil

20-1

14-2
30 3
Nil
Nil
Nil
4-1

14-1
18-1
8-1

27-5

* 100 ,Ci for 2 h.
t Target:effector ratio.

The reactivity of PBL against tumour cells
from the same patient

In 5 of 10 patients PBL showed cyto-
toxicity for tumour cells from the same
patient (Table II). This cytotoxicity in-
creased in parallel with a rise in the ratio
of lymphocytes to tumour cells. In similar
studies Werkmeister et al. (1979) included
as a control PBL from healthy individuals.

This was not done in the present study in
view of the demonstration (above) that
cytotoxicity was dependent on the genetic
relation between effector and target cells,
i.e., in allogenic combinations alloantigens
were recognized.

The reactivity of unwashed TIL against
autoplastic tumour cells

In only 3 of 17 patients were unwashed
TIL cytotoxic for the autoplastic tumour
cells (Table III). Again, cytotoxicity
increased in parallel with the number of
effector cells. Cytotoxicity of both PBL
and TIL were unrelated to the Dukes'
stage of the tumour (Dukes, 1960).

The reactivity of washed TIL against
autoplastic tumour cells
Washed TIL showed cytotoxicity for

autoplastic tumour cells in 12 of 15
patients (Table III). In 12 of these
patients the cytotoxicity of TIL before
and after washing could be compared.
Unwashed TIL were cytotoxic in 2/12 cases
and washed TIL in 9/12 (P < 0-006 using
Fisher's exact 2 x 2 test).
The level of percentage cytotoxicity at

TABLE III.-The percentage cytotoxicity of tumour-intrinsic lymphocytes (TIL), unwashed,
and washed x 6 in Mil99, for 51Cr-labelled colorectal tumour cells, after 2h co-culture.
Tumour target cells and effectors from the same patient were combined in 3 ratios

TIL unwashe(d
Patient
No. 1:5 1:10 1:20

I

3
4
5
6
7
8
9
to
11
12
13
14
15
16
17

24
5-4
2-0
6-2
2;6
5-5
5-8
4.3
Nil
Nil
Nil
Nil
Nil
Nil
Nil
1-1
Nil

Nil
18-3
4 0
Nil
Nil
5-3
5-8
9-7
Nil
5-8
Nil
Nil
Nil
Nil
3 0
2-0
Nil

2-7
32-4
4 0
3-2
Nil
1-3

10-6
11-4
Nil

2-3
Nil
Nil
Nil
Nil
5'3
4-9
Nil

% Cytotoxicity

TIL washed Spon-
-^ >taneous

1:5 1:10 1:20 release
24-4

- - 23-5
3-1 1-2 1-1 22-3
5-3 10-4 12-7 22-5
7-7 3-7 4-6 25-7
Nil Nil 11-1 27-2
13-3 17-2 24-2 22-3
9-7 21-6 23-0 27-6
Nil 13-4 46-0 27-7
Nil 5-6 17-3 28-4
Nil 36-5 42-0 30-6
Nil 8-3 29-9 24-8
Nil 23-7 27-5 17-5
1.0 Nil 37-3 30 9

23-4 27-0
24-8 20-6

- 21-1 28-7

Spontaneous release mean 25-4%. 95% confidence limits 18-1 and 32-7%.
27
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each effector:target (E/T) ratio was com-
pared between washed and unwashed
TIL using a 2-sample rank-sum test. At
the 5:1 ratio no significant difference was
found, but at the 10:1 ratio washed TIL
showed significantly more cytotoxicity
(P<0u025). At the 20:1 E/T ratio a com-
parison was possible in 15 cases, and the
washed TIL again showed significantly
greater cytotoxicity (P < 0-001).

Studies in which spontaneous 5ICr release
from tumour cells was > 33%0

In the main experiment the spontaneous
51Cr release fronm tumour cells was 25.4%,
with 950 confidence limits of 1841 and
32.7%0. In 3 further patients showing a
spontaneous 51Cr release of 36-9, 43-6 and
36 5% the cytotoxicity of unwashed and
washed TIL could be compared. At the
5:1 E/T ratio the comparative figures were
9-0 vs 5-2, nil vs 34-3 and 4-5 vs 18-2, at the
10:1 ratio 14-7 vs 13-9, nil vs 54-2 and
11-2 vs 25-7, and at the 20:1 ratio 4-2 vs
23-7, nil vs 73-1 and 17-3% vs 48.4%. Thus
the cytotoxicity of washed TIL was
greater in all 3 patients.

Cytology
Cytocentrifuge preparations made from

the tumour-cell suspensions showed
tumour cells mainly in clumps, with a
varying degree of contamination with
macrophages and lymphocytes.
The mononuclear cells were character-

ized according to the criteria of Ferrari
et al. (1980) in the 17 patients in the main
study (Tables II and III). The TIL sus-
pensions showed no contamination with
tumour cells. Staining with p-rosanaline
showed 20-0 + 14-0 (s.d.) T lymphocytes
and 72-9 + 14-4% non-T lymphocytes in
14 preparations. The T-cells showed punc-
tate staining and may therefore be cat-
egorized as helper cells (Figure). In 10 of
these preparations macrophages were seen
ranging from 2 to 210% of the total cells
present.
The PBL suspensions contained only

lymphocytes, of which 51-0 + 14.5% were
T cells (helper) and 47-3 + 1666% were

FIGURE. A cytocentrifuge preparation of
peripheral-blood lympbocytes stained with
a naphthylacetate esterase (hexazotised
with p-rosaniline) and counterstained with
toluidine blue. Esterase+ granules (arrow)
may be seen in the cytoplasm of helper T
lymphocytes. B lymphocytes do not sbiow
granules. x 1000.

non-T cells in 8 preparations studied.
The non-T cells were probably Null cells,
as most B lymphocytes are removed by
passage through a nylon column.

DISCUSSION

In all cases where cytotoxicity of an
effector cell population was found this
increased with a rising E/T ratio.

In detecting tumour-associatred anti-
gens, cytotoxicity assays may employ
lymphocytes derived either from the
same patient or from other individuals.
The use of allogeneic lymphocytes is open
to two criticisms. First, any cytotoxicity
may be due to recognition of alloantigens
on the tumour cells and second, tumour-
associated antigens may not be recognized
by allogeneic cytotoxic T lymphocytes,
owing to genetic restriction (Zinkernagel
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& Doherty, 1974; Goulmy et al., 1977)
Hellstrom et al. (1971) found that blood
lymphocytes from a patient with colon
carcinoma showed cytotoxicity for that
tumour. Lymphocytes from other patients
with colon carcinoma (but not with
tumours of other histogenic types) were
also cytotoxic. The reactivity of both
autoplastic and allogeneic lymphocytes
against the same tumour suggested the
presence of a common tumour-associated
antigen. However, in view of the pheno-
menon of genetic restriction it must be
questioned whether in fact autoplastic and
allogeneic lymphocytes were recognizing
the same antigen.

In the present study PBL showed a
greater cytotoxic response to allogeneic as
compared to autoplastic tumour cells.
Such alloreactivity might, in theory, be
ascribed to natural killer (NK) cell
activity. Recently we have found that
there is partial inhibition of PBL reac-
tivity to allogeneic tumour cells, following
treatment of the PBL with ammonium
chloride, a procedure which Kay et al.
(1977) have shown to inhibit NK cell
function for 24 hours, but significant PBL
cytotoxicity remained, which it is pre-
sumed was T cell mediated.

Cytotoxic T cells are probably re-
sponsible for the antitumour activity of
tumour-intrinsic lymphocytes observed in
our studies, as these effectors were obtained
following treatment of the tumour digest
with ammonium chloride. Furthermore,
Moore and Vose (1981) failed to demon-
strate NK cells in human TIL populations
as defined by the inability of these effec-
tors to show cytotoxicity to the K562 cell
line. The relative failure of unwashed
TIL to show cytotoxicity for autoplastic
tumour cells, as reported elsewhere (Tot-
terman et al., 1978; Vose et al., 1980),
contrasts with greatly improved cytotoxi-
city of washed cells, seen also by Werk-
meister et at. (1979). Using lymphocytes
derived from the peripheral blood, other
studies have also shown increased cyto-
toxicity following washing (Currie &
Basham, 1972; Currie, 1973). Washing

might remove a blocking factor (e.g.
tumour-associated antigen) from the lym-
phocyte membrane (Currie, 1973), and the
lymphocytes derived from the tumour
itself would seem especially liable to
this type of coating. Presumably 6
additional washings in Medium 199 suf-
fice to remove the blocking factor.

It may be questioned why the blocking
factor was not removed by tumour cell
treatment with collagenase/DNAase. How-
ever, Hayry & Totterman (1978) showed
that these enzymes, unlike preparations
containing trypsin did not remove lym-
phocyte surface markers.
The greater sensitivity of the present

assay system compared to that of Werk-
meister et al. (1979) is indicated by the
finding of cytotoxicity by washed TIL
at an effector target ratio of 20:1. Using
ratios of 100 or 200:1, Werkmeister
determined cytotoxicity in terms of a
reduction in the number of stained tumour
cells counted after co-culture with lym-
phocytes for 2 days.

If cytotoxicity is due to the activity of
T cells, the small percentage of these in
TIL preparations requires comment. Per-
haps the lymphocytes invading a tumour
represent a population committed to
reacting against that tumour. Thus remo-
val of blocking antigen by washing could
unmask appreciable cytotoxicity even
though the percentage of reactive lym-
phocytes was small.

One of us (G.H.H.) is a Wellcome Surgical Re-
search Fellow, and we are indebted for this generous
support.
We thank Miss Beverley Fermor for technical

assistance, the Dept of Medical Physics, Bristol and
Weston Health District (Teaching) for the gift of
51Cr and the surgeons of the Avon Area Health
Authority (Teaching) for allowing us to study their
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