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INTRODUCTION

Since George and Vaughan in 1962 observed
that peritoneal cells from guinea pigs sensitized
to purified protein derivative were inhibited from
migration on the glass surface in the presence
of the same antigen in comparison with that of
cells from control guinea pigs, migration inhi-
bition test (MIF test) has been used frequently
as an in vitro correlate of cell mediated immunity
(David et al., 1964a; David et al., 1964b;David
1965). In these, sensitized lymphoid cells chal-
lenged with antigen in vitro manufacture MIF,
and the effect of this lymphokine is measured
by its capacity to inhibit migration of monocytes
(Feinstone, 1969; Yamamoto, 1970a; Yamainoto,
1970b; Sandok et al., 1971), phagocytic cells
from spleen explants (Taubler et al., 1968),
mixtures of Iymphoid cells from capillary tubes
(Friedman et al., 1969;Smith et al.,, 1972,
macrophages from a droplet on the surface of
agar gel (Salvin et al., 1973). Cell mediated
immunity in human was also assayed in vitro
by MIF test with the human blood leukocytes
as effector cells(Mogens, 1971;Falk et al., 1971;
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Rosenberg et al., 1971).

It has been generally agreed that a tumor has
its own specific antigen which is different from
that of corresponding normal cells of the host.
And the tumor specific antigen has been iden-
tified by various methods such as circulating
humoral antibody (Wilson et al,. 1965;Perlman
et al., 1969; MacLennan et al., 1969) and
transplantion test between inbred animals(Foley
1953; Prehn et al., 1957; Prehn, 1972) or be-
tween hosts and autochthonous tumors (Klein
et al., 1960).

Tumor cells and extracts have heen shown to
inhibit specifically in vitro the migration of
suitable cells taken from individuals sensitized
to tumor antigens (Kronman et al., 1969; Halli
day et al., 1969; Steiner et al., 1969; Halliday,
1971; Halliday, 1972). And it has long been
known that sera from animals sensitized to TSA
can enhance the growth of syngeneic tumors
(Casey, 1941; Kaliss et al., 1952; Kaliss etal.,
19565 Voisin, 1971).

To quantify the cell mediated immune re-
sponse of the host against developing tumors and
to assess the effect on the in vitro cell mediated
immunity of sera cbtained from mice bearing
advanced tumors, the authors adopted the MIF
methods.

In this article, we report that the MIF method
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could be established in our laboratory to such a
degree that it could be applied to various sys-
tems, and tumor specific antigen of MCA-induced
sarcoma in CyH/HeN mice could be detected by
MIF technique, and also the immune status of
mice which received tumor transplants but not
vet developed gross tumors was the same as
those of mice sensitized with frozen-thawed
tumor cells, that is, immunologically reactive to
tumor specific antigens.

In addition, we could find that in the presence
of enhancing sera the peritoneal cells from sen-
sitized mice were not inhibited from migration
as the normal peritoneal cells, while the
peritioneal cells from the same sensitized group
of mice were inhibited from migration in the

presence of antigen in vitro.

MATERIALS AND METHODS

1. Preparation of tumor antigens:

The MCA induced tumors which were devel-
oped in C;H/HeN mice 7-8 weeks after the
subcutaneous injection of 1 mg of 20-methyl-
cholanthrene dissoived in (., 05 ml of lard, were
removed, minced, trypsinized and washed with
phosphate buffered saline (pH 7.4). Cells were
counted with hemocytometer and stored in the
deep freezer (—50°C).

2. Sensitization of mice with antigen:

Age matched 20 mice(C;H/HeN, 4 weeks old)
were injected with 5% 10° tumor cells prepared
by thawing the frozen tumor cells above men-
tioned, via I.P. 5 times with 1 week intervals.
They received some boosters before the test if
necessary.

3. Media, Solution and Mouse Sera:

HBSS containing 1 unit/ml sodium heparin,
100 units/ml cystal penicillin (C.P.) and 100
meg/ml streptomycin (S.M.) was used in ob-

taining the peritoneal cells from mice after
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thermoequilibriated in 37°C.

HBSS with the same antibiotics but without
heparin was used in washing the cells after being
cooled in ice-water chamber. Normal mice sera
were obtained by decapitating the C;H/HeN mice
which received no treatment, sterilized by Milli-
pore filtration and stored at —50°C. Enhancing
sera were obtained from mice carrying large
tumors{more than 1.5 cm in diameter) through
the ophthalmic venous plexuses at the time of
experiment. M-199 supplemented with 10%
normal or enhancing sera and 100 units/ml
C.P. and 100 meg/ml S.M. was used as the
culture media in the MIF chamber and as
the washing fuid of the cells in the third
washing. Serum was inactivated at 56°C for 30
minutes.

4. Peritoneal cells:

Non-stimulated peritoneal cells were obtained
by the technique of Barski et al. (Barski et al.,
1969; Le Francois et al.,1971; Youn et al,,1973).
It can be summarized as follow:

7 ml of HBSS containing anbiotics and heparin
was injected into the peritoneal cavity of a
mouse through a multiperforated 3 18-needle
attached to a 10 ml syringe. The abdomen was
gently massaged and the fluid was aspirated
and reinjected three times without removal of
the needle. The aspirated fluid was transferred
into a graduated conical centrifuge tube which
had been plugged with cotton plug and spun
down at 900 rpm for 5 minutes.

5. Counting the cells:

The cells from the same experimental group
were pooled and washed twice with ice-cold
HBSS at 900 rpm for 5 minutes. And the tur-
bidity of the cell suspension was determined from
spectro-photometric reading at 660nm on side
portion of the suspension diluted 1:5 in 3%
acetic acid solutions.The final suspensions(3 ml)

were swirled just before reading so that the
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<ells were in  motion. A standard curve was
used as a reference, prepared from hemocyto-
meter-counted cells{Chase, 1971).

6. Migration chamber and coverslips:

Circular plain ground glassrings{ext. diameter
18mm, int. diameter 16mm, height 2. 3mm)
were mounted upon slide glasses and fixed with
silicone grease.

Cover slips(Matsugami glass 22mm x22mm)
were used as the cover of the chamber,

7. Migration study:

Killed tumor cells were prepared from the
frozen stock by thawing and mixed with the
peritoneal cells in the ratioof 1:1 0r1:10
after the peritional cells being washed with

M-199 containing antibiotics and sera. The

mixture was incubated at 37°C for 10 minutes
(Kronman, 1969).

After then, the mixed cell suspensions were
sucked up into capillary tubes(nonheparinized,
internal diameter 1.2mm; external diameter 1.4
mm, 75mm in length), and the one end of the
capillary tube was sealed with paraffine wax.

The capillary tubes were spun down in
sterile screw-capped tubes at 800 rpm for 5 min.
The fluid-cell interface was cut down with a
diamond pencil and the cell containing portion
was placed on the bottom of a chamber and
held in place by means of a small spot of sili-
cone grease,

Culture media was slowly infused into the

Mean area of

chamber at the censtant flow through a 26-gauge
needle and the chamber was covered with a

sterile cover-slip caring not to leave any air
bubbles in the chamber.

Then the chambers were incubated in a
humidified incubator at 37°C, under 5% CO,
in air for 48 hours (David et al., 1964a; David
et al., 1964b; David, 1965).

8. Measurement and Calculations:

After 48 hours of incubation, the chambers
were projected on the viewing screen attached
to the microscope (AQO spencer, Microstar) at
the magnification of x220. The area of mi-
gration was drawn on the tracing paper and
measured by counting the squares included in
the area. The 220 fold magnified area is
expressed in cm?

Percent inhibition was calculated by the fol-
lowing formula:

—%{5 % 100=% inhibition

A I Area of migration of control peritoneal cell
B : Area of migration of test peritoneal cell
All data were treated by Student-t test.

RESULTS

1. Non-specific(non-immunological) blocking
effect of tumor cells on the migartion of perito-
neal cells.

When the sensitized cells were mixed with

‘Table 1. Migration inhibition of sensitized peritoneal cells in the presence of tumor cells in the capillary tube

P.C. donor* T.C.** migration -=SD % inhibition Size of Sample
Sensitized mice*** + 8.542.60 90% 3
Sensitized mice — 83.017.40 0 3

* P.C. : Peritoneal cell

* T.C. : Killed tumor cells prepared by thawing the frozen tumor cell

*x* Sensitization schedule; beginning at age of 4 weeks old, 5 times with 1 week intervals, 5X 10° tumor cells,

booster. p<{0.05

LP., boostered at 2 weeks and 6 weeks after the last senmsitization. MIF test 4 days after the last
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Table 2. Nonspecific blocking effect of MCA tumor cells on the migration of normal peritoneal cells

T.C./P.C.*

9% inhibition

Mean area of migration +5.D. Size of Sample
1/1 69.8+2.48 3295%*
1/10 103£3.61 0
0/1 118.5 1

* P.C. from normal mice

** Becayse of the smallness of the sample size of the 0/1 mixture the comparison was done between 1/1

and 1/10 mixtures. (p<0.05)

tumor antigen, in the ratio of 1:1 they were
inhibited from migration on the glass surface
90% in comparison with the sensitized cells
without antigen(p<Z0. 05)(Table 1.

To examine the presence of the non-specific
(non-immunological) blocking effect of tumor
cells on the migration of peritoneal cells, normal
peritoneal cells were mixed with tumor cells
in varying ratio and migrated. Because of the
smallness cf the sample size, it would be diffi-
cult to say how much inhibited in comparison
with peritoneal cells without antigens, but it
could be suggested that when mixed with anti-
gen in the ratio of 10 : 1 the peritoneal cells
were not significantly inhibited by the non-spe-
cific blocking effect, but when mixed in the
ratio of 1 :1 they swere 329%
when compared with the
(p<0.05) (Table 2.

2. To see if any difference in results could be

observed between the methods of antigenic

inhibited, even

10:1 mixtures

presentation, tumor antigens were added in the

chamber media instead of mixing directly with

Table 3. Migration inhibition of sensitized peritioneal

the peritoneal cells in capillary tubes. The arca
of migratien of the sensitized peritoneal cells
were 8. 05 with tumor antigen and 21 without
tumor antigen. That is, the sensitized peritoneal’
cells in capillary tubes were 74% inhibited from
migration when the tumor cell density was more
than 4x10%/chamber in comparison with the
sensitized cells without tumor cell (p <0.03).

When the tumor cell density was more diluted
as to be 4x10* or 4x103/chamber they were not
inhibited(Table 3).

3. To examnie the host’s cell mediated im-
mune response to the {rozen-thawed tumor cells,
peritoneal cells from sensitized mice and those
from normal mice were mixed with tumor cells
respectively in the ratio of 10 : 1, and filled into
capillary tubes and incubated. The area of mi-
gration of sensitized peritoneal cells with tumor
cells was 19.6 and that of normal peritoneal
cells with tumor cells was 59.7. So the
sensitized peritoneal cells were 67% inhibited
from migration by the tumor cell antigen in

comparison with the normal peritoneal cells

cells in the presence of tumor cells in the chambcr

P.C. donor

Mean area of

T.C. density* per plate Migration--SD % inhibition Size of Sample
Sensitized mice 4% 10%/ plate 8.051%1.41 7495%*
Sensitized mice 0 21412.03 0

* When the density of killed tumor cell was more diluted (eg, 4x10% or 4x10%/chamber) there was no
inhibition. Tumor cells were added into the chamber media directly instead of mixing with the peritoneal

cells in capillary tubes.
** p<0.05
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Table 4. Sensitized Cells vs. Normal Cells

Mean area of

P.C. donor T.C./P.C.* migration+S$.D % inhibition Size of Sample
Sensitized mice 1/10 19.6+12.26 67+
Normal mice 1/10 59, 7+16.25 0 3

* Tumor cells were mixed with peritoneal cells in the ratio of 1:10 and filled into capillary tubes.

** p<0.05

(p<C0.05) (Table 4).

4. Cell mediated immune response of a host
against transplanted tumor cells before a gross
tumor develops.

Peritoneal cells from a group of mice which
were injected 5x10° viable tumor cells via S.C.
but not yet developed grossly visible or palpable
tumors, were obtained and compared with perito-
neal cells from sensitized mice with {rozen-thawed

tumor cells or peritoneal cells from normal mice.

In this experiment the area of migration of
the peritoneal cells from mice which had re-
ceived tumor transplants was 27.7, that of the
peritoneal cells from sensitized mice was 23.8
and that of the normal peritoneal cells were
45.0. So the peritoneal cells from mice trans-
planted with tumor cells were 38.79% inhibited
in comparison with the normal peritoncal cells
and the sensitized peritoneal cells were 47,195

inhibited(Table 5).

Table 5. MIF response of host’s peritoneal cells to killed tumor cells before a grossly visible or

palpable tumor develops after tumor cell transplantion

Mean area of

P.C. donor T.C./p.C migration +SD % inhibition Size of Sample
Sensilized mice 1/1 23.816. 64 47, 1%* 4
Tumor cell transplanted mice 1/1 27.919.14 38.7% 7
Normal mice 1/1 45.0+8.2 0 4

* Received 5x10°% viable tumor cells subcutaneously on the dorsum 13 days before the experiment. No vis-
ible or palpable tumor developed until this experiment. p<(0.05

** p<0.05

5. Effect of ehancing sera on the migration

of peritoneal cells from immunized mice. To

examine the blocking effect of sera obtained from

mice bearing large tumors (more than 1.5cm

Table 6. Effect of enhancing sera on the migration of sensitized peritoneal cells

M-199 supplemented Mean ;rea of N S.ize of
P.C. donor T.C./p.C. with migration +SD % inhibition Sample
Sensitized mice 1/1 102 Normal sera 12. 84-5. 83 51. 5 ¥¥*
Sensitized mice 1/1 109% Enhancing sera*® 22.6+10. 21 14 g5%*
Normal mice 1/1 10% Normal sera 26.4110.48 0

* M-199 supplemented with 10% enhancing sera was used in the last washing of the pooled peritoneal cells

and as the chamber media.

** Inhibition of migration of the sensitized peritoneal cells was totally abrogated by substitution of the normal
mice sera with enhancing sera. Non-significant, statistically.p>@.05

¥k p<0.05

— 387 —




—A]

in diameter), sensitized peritoneal cells were
divided into two, and the one portion was tested
with M-199 supplemented with 10%
sera as in the above experiments and the other
portion was tested with M-199 supplemented
with 109% enhancing sera in the procedures

after the second washing with HBSS. And they

were mixed with tumor cells separately, The

normal

migration area of the former was 12.8 and that
of the latter was 22.6 while that of normal
peritoneal cells was 26. 4.

Sensitized peritoneal cells were inhibited sig-
nificantly (51.5%, at p<{0.05) when tested
with M-199 supplemented with normal sera but
tested
with M-199 supplemented with enhancing sera

{14%, at p>>0.05).

were nonsignificantly inhibited when

DISCUSSION

In the process of detecting the antigenicity
of MCA-induced tumor in C;H/HeN mice, MIF
technique with mammalian cellular antigen has
been established.

Kronman et al.(1969) reported that the sen-
sitized peritoneal cells were inhibited from
migration only when the peritoneal cells were
mixed with tumor cells at the ratio of 1:1 in
capillary tubes. But in this experimental system,
inhibition could be obtained also when the
peritoneal cells to the tumor cells was 10: 1.

Furthermore, the MIF test could be effec-
tively performed by adding the tumor cells
directly into the chamber media rather than
mixing the peritoneal cells in the capillary tubes.

These two modifications would make contri-
butions to lessen the non-specific blocking effect
on migration exerted by the tumor cells in the
capillary tube and to make it possible to save the
laborious work of counting the peritoneal cells.

Because there was general variability in

A % : MCA BRpES flel Ao ExinfiaiFE—

the migration between the experiments perform-
ed at different time, control group must be
included in every experiment. As the cause of
the variability, the delay of time in vitro, some
differences such as in pH between the batches
of solution and media, cleanness of the glass-
ware, contact with heat during the various aseptic
procedures and undetected biological differences
of the peritoneal cell donors could be supposed.

Anyway, basic experimental steps to establish
the MIF technique is completed and we suppose
that this technique could be applicable to
clinical problems such as the followings; diagno-
sis of organ specific autoimmune diseases by
detecting the CMI response to autologous tissue,
host’s CMI response to transplanted tissues
which may be most important in graft rejection
and detection of recurrences of surgically re-
moved tumors and the evaluation of the process
of restoration of the CMI function in patient
with tumor or patient who had received
operation of the tumor resection.

The new antigen produced by the tumor cells
may be recognized and eliminated by the host’s
immune surveillance mechanism. But when the
tumor manages to escape the surveillance mec-
hanisms it grows to a detectable size(Mitchison,
1975).

When the host immune surveillance mecha-
nism is normally operating, the host may perform
normal immune response (Burmet, 1970; De-
Cosse, 1968), and in our experiment we can
show that peritoneal cells from mice in these
state are inhibited from migration as effectively
as the cells from the sensitized mice. This may
be explained as that the immune system of the
host is actively reacting to the growing tumor
before the tumor grows large enough to be
palpable or visible.

Since mice have circulating anti-tumor anti-

bodies(MacLennan, 1969; Wilson, 1965;Perlman
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1969; Maclennan, 1970a & 1970b), and
possibly other factors both during tumor pro-
gression and loss of tumors (Halliday, 1972;
Bernstein et al., 1972; Baldwin, 1972), it is
interesting to examine the effect of the serum
on the MIF test.

the so-called enhancing sera, we obtained results

<t al.,

In the experiment using

which show that the migration inhibition of the
peritoneal cells from the senstized mice is totally
abrogated by enhancing sera which is added to
the medium and washing fluid for the sensitized
peritoneal cells before contact with the tumor
<ells. This is in accordance with the experiments
of others that sera from mice which are bearing
large tumors could enhance the tumor graft
when injected with the tumor cells(Casey,
1941; Kaliss et al., 1952; Kaliss et al., 1956;

Voisin, 1971).

SUMMARY

It has been generally agreed that in a che-
‘mically induced, tumor the tumor specific antigen
«could be identified by circulating humoral anti-
body and transplantation test among inbred ani-
mals.

To quantify the cellular immunity to the MC-
A-induced tumor and to assess the in vitro effect
-of serum of mice which were bearing advanced
tumors, the authors adopted the MIF test.

And the results obtained are summarized as
follows:

1. MIF technique has been established using
the mammalian tumor cells as antigen with
the ratio of peritoneal cells to tumor cells
as 10:1 or 1:1, and the test could be
performed with good results by adding the
tumor cells directly into the media of the
chamber instead of mixing with the peritoneal
cells in the capillary tubes.

2. The antigenicity of the MCA-induced sarco-

MIF response in MCA-induced sarcoma—

ma in CsH/HeN mice was detected by MIF

technique. When peritoneal cells obtained
from mice sensitized with frozen-thawed tumor
cells were challenged with the same tumor
cells in vitro, they were inhibited significantly
from migration on the glass surface as com-
pared with those from normal mice.

3. In the host which had received viable tumor
cells but not yet developed a grossly visible or
palpable tumor, in vitro cell mediated immune
response to the tumor cells(detected by MIF
test) was the same as that of actively sensi-
tized host.

4. The blocking effect on the cell mediated
immunity in vitro of the sera obtained from
mice which were bearing advanced tumors
was detected by using the sera as substitute
for normal sera in the media of MIF chambers
and in the procedure of washing the perito-
neal cells before contact with the tumor cells.
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