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Assessment of immunological parameters during tumour
development in a murine model
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Natural Killer activity assessed by *'Cr release assay from K-562 cells showed detectable activity
from 5th day after tumour transplantation, reaching a peak on 12th day and thereafter showing a gradual
decline in the activity. Antibody dependent cell mediated cytotoxicity estimated by 3'Cr labelled sheep
red blood cells anti SRBC system demonstrated a peak activity on 5th day. Cytotoxic T lymphocyte ac-
tivity detected by ~'Cr release of Dalton’s lymphoma ascites target cells showed a peak on 10th day. An-
tibody complement mediated cytotoxicity revealed a similar pattern as natural killer cell activity.
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The tumour antigens, generally expressed during
malignant transformation of cells, may elicit an hu-
moral response (ACC, antibody complement medi-
ated cytotoxicity) as well as cell mediated immune
responses (ADCC, antibody dependent cell mediat-
ed cytotoxicity and NK, natural killer cell mediated
cytotoxicity and cytotoxic T lymphocyte (CTL) me-
diated lysis'). ADCC represents a potentially pow-
erful cytotoxic mechanism in which humoral and
cellular immune effectors co-operate®. Natural kill-
er (NK) cell is yet another effector cell type that oc-
cur in non-immune individuals and is supposed’to
be the first level of defense against tumour growth in
vivo’. NK cell is able to kill syngenic, allogenic and
xenogenic tumour cells with no evidence of prior
sensitization®. CTL are normally generated as an
host immune response to cell associated antigens
(viral infections or malignant transformations) and
are involved in allograft rejection. These effector
cells can destroy relevant tumour target cells in vitro

and protect host in vivo’®. Humoral immune re-

sponse involves complement mediated lysis of cells
bearing antibody to cell surface antigen. The present
study was undertaken to evaluate these immunolog-
ical parameters during tumour development in a
murine tumour model.

Materials and Methods |

Dalton’s lymphama ascites cells were collected
from mice, washed and injected (ip) into Balb/c
mice (1 X107 cells/ml/mouse) and the tumour
grown in the ascites form in peritoneal cavity. On
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different days after tumour transplantation the ani-
mals were sacrificed and blood collected by heart
puncture, the separated serum was used for the
study of antibody complement mediated lysis.
RPMI-1640 containirtg 10% heat inactivated new
born calf serum (Hysel, India) was used as complete
medium.

Preparation of effector cells for NK, ADCC and
CTI-acrivity—Spleen from immunized Balb/c mice
was removed asceptically into a petridish containing
cold RPMI-1640 + 10% new born calf serum (Hy-
sel, India). The spleen was gently teased with for-
ceps to remove capsule and connective tissue and
then very gently pressed through a seive with plastic
plunger of a disposable syringe in the presence of
cold medium. The cell suspension was centrifuged
at 400 g for 5 min, the sediment resuspended and
left standing at 4°C for 45 min. The supernatant
cells were taken, RBC lysed by treating with cold
Tris~-Ammonium Chloride buffer (pH 7.2) at 4°C for
10 min. The cells were washed in the medium con-
taining serum and viability checked by trypan blue
exclusion method.

Assay of NK activity—In this assay K-562 (mye-
logenous leukemic) cells susceptible to NK cell lysis
but resistant to T cell cytotoxicity were used. Ap-
proximately 1 X 10° cells/ml K-562 were incubated
with 100 uCi of °'Cr for 2 hr at 37°C. The cells were
washed thrice in RPMI-1640 containing 10% new
born calf serum and resuspended in the medium to a
final concentration of 1 X 10° cells/ml.

The above mentioned single cell suspension of
spleen (effector) and labelled K-562 (target) cells at
different effector target ratio of 10:1, 30:1 and 100:1
were incubated at 37°C for 4 hr in RPMI-1640 with
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10% new born calf serum. All tests were done in tri-
plicate. After incubation, supernatant was removed
and radio-activity was measured in a gamma ray
spectrometer. Percent specific cytolysis was calcu-
lated as:

Mean experimental release-mean spontaneous release

x 100
Mean total release - mean spontaneous release

Spontaneous release was determined by incubating
labelled target cells in the absence of effector cells.
Total release was obtained by adding 1N HCI into
the labelled target cells.

Generation of CTL in in vitro mixed lymphocyte
tumour culture—In murine system, CTL production
in culture can be accomplished with spleen cells as
responder cells from animals immunised in vivo
with tumour cells. Secondary in vitro stimulation
gives a more rapid and stronger CTL response in
mixed lymphocyte tumour culture (MLTC). Dal-
ton’s lymphoma ascites cells aspirated from the
Balb/c mice were washed thrice in normal saline
and the cell pellet was treated with Mitomycin C
(30-100 ug/2-3 x 10° cells) for 30 min at 37°C to
serve as stimulator cells in MLTC. Spleen cells at
different concentration (107-2 X 107) were co-cul-
tured with a fixed concentration of irradiated Mi-
tomycin-C treated stimulator cells (10% cells) in
complete medium at 37°C in 5% CO, atmosphere
for different days. The CTL response peak was eval-
uated. The co-cultured spleen cells were tested for
their cytotoxic potential by *'Cr release assay
against radiolabelled Dalton’s Lymphoma Ascites
cells from day-1 to day 7 of incubation.

Cytotoxicity assay for CTL—The cultures at the
end of 4th day were centrifuged, cell pellet washed
and resuspended in medium and viability checked
by trypan blue exclusion method. These effector
cells were incubated with radio labelled Dalton’s
lymphoma ascites target cells at different effector
target ratio of 10:1, 30:1 and 100:1 at 37°C for 4 hr.
All the tests were done in triplicate. After incuba-
tion tubes were centrifuged, supernatant was re-
moved and radioactivity was measured in a gamma
ray spectrometer. Percent specific cytolysis was cal-
culated as before.

Antibody  dependent  cellular  cytotoxicity
(ADCC)—Target cells (sheep red blood cells) were
collected in Alsever’s solution kept at 4°C, washed
in normal saline and incubated 1 X 10° cells/ml with
100 uCi °'Cr for 45 min, washed twice and resu-
spended 1n saline. The minimum hemolytic dose
(MHD) was determined by incubating Sheep red
blood cells (SRBC) with serial dilution of anti-
SRBC antibody (raised in New Zealand rabbit by
immunizing with SRBC) in saline (1:10 to 1:60000)
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and further incubating with fresh rabbit serum (1:1
diluted) at 37°C for 30 min. The MHD was calculat-
ed as the dilution of anti-SRBC antibody demon-
strating 50% lysis of sensitized SRBC. SRBC sensi-
tized with 2 MHD were used in further cytotoxic
studies.

The eftector cells obtained from single cell su-
spension of spleen were assayed for cytotoxic stud-
les with anti-SRBC antibody coated SRBC target
cells as described earlier at different effector:target
ratios of 10:1, 30:1 and 100:1. The percent specific
cytolysis was determined as in the case of NK cell
assay.

Antibody complement mediated cytotoxicity—
Blood from the tumour bearing animal was taken,
serum separated and heat inactivated at 56°C for 30
min to eliminate intrinsic complement activity. The
specificity of tumour specific antibodies in the tu-
mour serum used was confirmed by testing normal
mouse serum which did not show. any cytotoxicity
against Dalton’s lymphoma ascites cells in the pres-
ence of complement. Dalton’s lymphoma ascites
cells were washed thrice in RPMI, viability checked
and were finally suspended to a concentratron of
1 X 107 cells/ml in the medium. Antiserum was seri-
ally diluted 1n culture medium so as to get 1:1, 1:2,
1:4 and 1:8 dilutions of antibody. 0.1 ml of the dilut-
ed antibody was added to each tube. 1 X 10 Dal-
ton’s lymphoma ascites cells in 0.1 ml RPMI + 10%
heat inactivated serum was then added to the tubes.
50 ul 1:10 dilution fresh rabbit serum was added as
complement source. Final volume in all tubes was
adjusted to 2 ml. Controls were kept without antib-
ody and complement; with antibody and without
complement; with complement and without antib-
ody. All tests were done in triplicate. The tubes were
incubated at 37°C for 2 hr and cytotoxicity assessed
by trypan blue dye exclusion method.

Results

The immunological status in tumour bearing ani-
mals reflected in the NK, ADCC, ACC and CTL ac-
tivities were assessed on different days (from day 0
to death of animal) after tumour transplantation.
NK cell activity in normal mouse (as noted on day 0)
was found to be 1.4% *0.4. The activity showed a
gradual increase from day 3 (2.1%*0.29) and
reached maximuwmn on 12th day of tumour inocula-
tion (59.67% *0.415) (Table 1). Thereafter the ac-
tivity was found to decline and animals were dead
by 20th day. Effector:target ratio of 100:1 was
found to give maximum percent specific cytolysis as
shown 1n the Fig. 1.

Antibody dependent cellular cytotoxicity assayed
using SRBC target cells at different attacker:target
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ratios displayed detectable activity on the day -0-
(normal) (12.48% +£0.37) peaked on 5th day
(43% £ 1.6) (Table 2). Thereafter the activity was
found to decline abruptly (Fig. 2). High amount of %
spectfic lysis was observed in effector target ratio of
100:1 (Fig. 3).

In our studies peak CTL response was found on
4th day of co-culturing. Hence this was used as a
standard in turther experiments. CTL activity esti-
mated by release of *'Cr from labelled Dalton’s lym-
phoma ascites tumour cells showed detectable ac-
tivity on the day 10 after immunisation (after 4 days
of co-culture) (3.85% +0.153) and then the activity
decreased gradually (Table 3). Again high activity
was observed 1n the effector target ratio of 100:1.

Humaral immune responses was demonstrated

Table 1—Natural killer cell mediated cytolysis of
radiolabelled K-562 target on different days after tumour
inoculation at an effector:target ratio 100:1

| Values are mean * SE from 3 observations in each group]

Days after % specific

tumour cytolysis
inoculation
() (Normal ) 1.4 £04
3 2.1 +=0.29
5 7.8 T().56()
7 10.1 £0.24
9 12501 1.8
11 254 =%(0.73
12 396710415
14 1858063
17 7.8510.370
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Fig. 1—Natural killer cell activity against target K-562, assessed

by 7' Cr release assay on different days after tumour inoculation

at targeteffector ratios of 1:10, 1:30 and 1:100. Numbers indic-
ate days after tumour inoculation

by using Dalton’s lymphoma ascites tumour cells
freated with mouse antibody and fresh rabbit com-
plement. The activity was observed on the day 9
(10.5% *+0.415), with a peak on the 13th day
(43.3% £ 0.8) which gradually declined. (Table 4).
By the 19th day no activity was detectable (Fig. 2).

Discussion

The growth of tumour is a multistep process char-
acterised by progressively increased malignant pot-
ential of the tumour cell in the face of host resist-
ance. Immunological changes during tumour pro-

gression in a mice tumour model as assessed by NK
cell, T cell, ADCC and ACC activities have been

Table 2—Antibody dependent cellular cytotoxicity of
"ICr labelled sensitized SRBC at effector:target ratio 100:1

Values are mean * SE from 3 observations in each group|

Days after % specific cytolysis
tumour
inoculation
0 (Normal) 12.48 £0.37
3 22.610.83
5 431 1.6
7 N.D
L N.D
11 N.D
13 N.D
15 N.D
17 N.D
19 N.D
N.D = Not detected
q
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Fig. 2—Profiles of natural killer cell activity, antibody dependent
cell mediated cytotoxicity, CTL activity and antibody comple-
ment mediated cytotoxicity during tumour growth
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Table 3—CTL mediated lysis of *!'Cr labelled DLA cells at
effector:target ratio 100:1

| Values are mean * SE from 3 observations in each group]

Days after % specific lysis
tumour

moculation

0 (Normal) N.D

3 N.D

5 N.D

& N.D

9 N.D

10 " 385+0.153
12 2.23x20.1203
14 N.D

17 N.D
19 N.D

N.D = Not detectable

Table 4—Antibody - complement mediated lysis of DLA cells
assessed by trypan blue exclusion method

[Values are mean = SE from 3 observations in each group|

Days after tumour Cytotoxicity

inoculation

0 (Normal) N.D.

N.D.

5 N.D.

7 728 o § 15 5
9 10.5+0.415
11 ST AELS
13 43.3x0.8
15 25.05x0.94
17 10.7x1.1
19 N.D.

N.D. = Not detectable

studied. NK cell activity 1s absent in new born
spleen and matures to adult level in 4-8 weeks tol-
lowed by a period of decline’. In normal controls
NK activity against K-562 target cells has been re-
ported to be very low®. In our studies normal NK
cell activity was found to be very low but significant
activity was detected on day 5 after immunisation
which peaked on 12th day and then declined gradu-
ally to the basal level. NK cells provide a transient
suppression to growth of tumour”. However if the
tumour bypasses the rejection mechanism for some
reason, reaching critical size NK cells would no
longer be operative. Therefore NK cells may not
provide absolute protection against tumour growth.
In our experiments, CTL activity was detectable on-
ly on 10th and 12th day of immunisation. It has been
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Fig. 3—Antibody dependent cell mediated cytotoxicity against

sensitized SRBC assessed by *'Cr release assay on different days

after tumour inoculation at effector:target ratios of 10:1, 30:1
and 100:1. Numbers indicate days after tumour inoculation

reported that when T cell activity falls, NK cell ac-
tivity is enhanced. One possible explanation for
these findings 1s that the mouse NK cells are pre-T
cells and in nude mice considerable number of pre-T
cells with low density of antigen has been demon-
strated'’.

Evaluation of ADCC by K cells in relation to tu-
mour growth 1s a prerequisite for understanding its
contribution in host tumour interaction. In the pres-
ent study detectable ADCC was observed on the
day 0 and peaked on day 5, post tumour inocula-
tion. Thereafter abrupt fall of activity was recorded.
Decline of ADCC activity by the K cells, granulo-
cytes and macrophages in advanced growth of tu-
mour might be due to inhibitory factors released by
growing tumours''.

The decline in cell mediated immunity could be
attributed to immunosuppressive factors. Cell medi-
ated immuno suppression causing facilitation of tu-
mour growth has been described as being mediated
by a specific class of cells called suppressor cells'=.
Immuno suppressive activity has been reported as
being associated with T lymphocytes and B lympho-
cytes. Specific humoral blocking agent like anti-tu-
mour antibody and tumour antigen may be account-
ed for the fall in immune response in the later stage
of tumour growth. Tumour-associated antigen-an-
tibody complexes have been implicated as potential-
ly effective immunosuppressive molecule in tumour
host. In large tumour bearing hosts (advanced stage)
humoral and cellular effector activities are possibly
eliminated by plasma blocking factors and suppres-
sor cells.
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