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Abstract

As a step in the elucidation of the mutual relationship between the degree of cancer progress
and the antitumor activity of lymphocytes from different sites in cancer-bearing body, we iso-
grafted methylcholanthrene-induced tumor (MC-tumor) subcutaneously on the back of mice. The
regional axillary lymph nodes, spleen and distant mesenteric lymph nodes were removed from
these animals one, two, three, and four weeks later. We mixed lymphocytes prepared from these
lymphatic tissues with primary MC-tumor culture cells and cultured together to estimate antitumor
acitivity of lymphocytes from different sites. It has been found that a strong antitumor activity can
be seen only in those regional axillary lymph node cells taken out one or two weeks after tumor
transplatation and such an activity is weakened by three or four weeks. On the other hand, distant
mesenteric lymph node cells one or two weeks after the transplantation have no antitumor activity
as yet, while at the terminal cancer stage of four weeks there appears a stronger antitumor activity
than that of regional lymph nodes. In the spleen, a strong antitumor activity can be observed in the
third week after tumor transplantation, but the activity disappears by the fourth week. These find-
ings support our previous findings in that for the tumor onset after the transplantation the antitumor
activity seems to appear first in the regional lymph nodes, and when the tumor grows beyond a
certain size, such an activity diminishes while it appears in further distant lymphatic tissues.
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Abstract: As a step in the elucidation of the mutual relationship
between the degree of cancer progress and the antitumor activity of
lymphocytes from different sites in cancer-bearing body, we iso-
grafted methylcholanthrene-induced tumor (MC-tumor) subcutaneous-
ly on the back of mice. The regional axillary lymph nodes, spleen
and distant mesenteric lymph nodes were removed from these animals
one, two, three, and four weeks later. We mixed lymphocytes pre-
pared from these lymphatic tissues with primary MC-tumor culture
cells and cultured together to estimate antitumor activity of lympho-
cytes from different sites. It has been found that a strong antitumor
activity can be seen only in those regional axillary lymph node cells
taken out one or two weeks after tumor transplantation and such an
activity is weakened by three or four weeks. On the other hand,
distant mesenteric lymph node cells one or two weeks after the
transplantation have no antitumor activity as yet, while at the termi-
nal cancer stage of four weeks there appears a stronger antitumor
activity than that of regional lymph nodes. In the spleen, a strong
antitumor activity can be observed in the third week after tumor
transplantation, but the activity disappears by the fourth week. These
findings support our previous findings in that for the tumor onset
after thetransplantation the antitumor activity seems to appear first
in the regional lymph nodes, and when the tumor grows beyond a
certain size, such an activity diminishes while it appears in further
distant lymphatic tissues.

Even in the tumor-bearing body destined to die of tumor, if left un-
treated, we have demonstrated the presence of cell-mediated concomitant
immunity which acts inhibitorily on its own tumor, by the specific antitumor
activity in vitro as the parameter, However, in the case of a progressive
cancer, be it transplanted cancer, spontaneous mammary cancer in mouse or
human cancer, the antitumor activity of lymphocytes of the tumor-bearing
body is diminished (1-6). In our previous study on the antitumor activities
of the regional axillary lymph nodes, spleen and distant mesenteric lymph
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nodes of the mice conducted along with the lapse of time after homografting
Ehrlich cancer cells subcutaneously on the back, we clarified that there is
some difference in the antitumor activity of lymph node cells of various sites
due to the degree of cancer advance, and that the antitumor activity of the
regional lymph nodes appears as the tumor proliferates, but in the advanced
stage of cancer the antitumor activity of regional lymph nodes diminishes,
while the antitumor activity appears in the distant mesenteric lymph nodes (7).
In the present report we describe the results of isografting methylcholanthrene-
induced tumor (MC-tumnor) that have confirmed our previous findings ob-
tained after homografting of Ehrlich ascites tumor,

MATERIALS AND METHODS

Animals: The animals used were G3H mice of 6-10 weeks old, weighing
about 22g. They were fed on solid food, MF of Oriental Yeast Company
(Japan).

Tumor cells: One mg of 20-methylcholanthrene suspended in arabian gum
was injected to C3H mice subcutaneously on the back. Tumors grownto 1-2cm
in size at the injection site are excised aseptically about three months later, and
1 mm3-piece of such a tumor is isografted subcutaneously on the back of C3H
mice. Such a transplantation is successively carried out at intervals of three
weeks to maintain the tumor in animals. For the experiment, tumors obtained
from the mice of the sixth to eighth generations were used.

Primary culture of tumor cells: The tumor grown to 1-2cm in diameter is
removed aseptically, and tumor cell suspension is prepared by almost the same
method as that of Mappen-Burk (8). To each one gram of finely sliced tumor
section 8 ml of Hanks’ solution, 10 ml of 029 trypsin, 0 3m] of 0049, DNase
are added, and left standing for 90 min. Then discarding the supernatant the
same amounts of Hanks’ solution, trypsin and DNase are added, and the mix-
ture is stirred with a magnetic stirrer for 60 min. Next the mixture is filtered
through a 150-mesh filter, and the filtrate is centrifuged at 1,000 rpm for 10 min.
To the residue is added 30 ml TC-199, and after stirring well it is centrifuged
at 1,000 rpm for 10 min, by discarding the supernatant 202 calf serum and TC-
199 (containing 30 x/ml of cephalothin) are added to the residue to prepare
tumor cell suspension as to contain 30x 104 cells per one ml. Those cells with
a large nucleus, bright nucleoli and a light nuclear architecture are taken as
tumor cells. By placing 2 ml of such tumor cell suspension each into 50 sepa-
rate short test-tubes the stationary replicate culture is carried out at 37°C for
three days.

Tumor transplantation: To 40 mice MC-tumor piece ] mms3 in size is trans-
planted subcutaneously on the back between scapulae.

Lymphocytes suspension: At one, two, three and four weeks after tumor
transplantation, 5-6 mice each, having tumors of the same size, are selected at
random, and under ether anesthesia regional axillary lymph nodes, spleen
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and distant mesenteric lymph nodes are taken out from these mice. As the
control, axillary lymph nodes are collected from normal mice. Excised lymph
nodes and spleen are cut into small fragments and passed through an 80-mesh
filter. To the filtrate so obtained cold Hanks' solution is added, and it is
washed by centrifuging at 1,500 rpm for 5 minutes. Such a washing is repeated
thrice, and the cells are suspended in the culture medium identical with the
medium used for tumor cell suspension. The cell suspensions are prepared so
as to contain over 95% of viable small lymphocytes.

Mixed culture of primary MC-tumor culture cells with lymphocytes: After
3-day culture of tumor cells several short test tubes are selected at random, dis-
carding supernatant 2.0 ml of crystal violet solution (100 ml distilled water plus
2.1 g citric acid plus 50 mg crystal violet) is added to each tube, and warmed to
37°C for 30 min. Then the cells adhering to the vessel wall are gently scraped
off, shaken well to make a uniform cell suspension, and the nucleus counts
are taken with a hemocytometer to calculate the average number of tumor cells
as well as to confirm that tumor cells are proliferating equally well in each
short test tube. The remaining short test tubes are then divided into five
groups; one culture group of tumor cells alone without lymphocyte addition,
one control group added with normal mouse lymphocytes, one culture group
added with regional axillary lymph node cells, one culture group added with
spleen cells, and the last culture group added with distant mesenteric lymph
node cells. Supernatant is discarded from every group, to the culture group
of tumor cells alone 20ml of culture medium is added, and to the control
groups as well as to the test groups also 20 ml each of lymphocyte solution
containing 20-fold the number of tumor cells adjusted on the experimental day
is added, and cultured further for 48 or 72 hours at 37°C. At the termination
of 48-hour culture or 72-hour culture, 4 5 short test tubes are picked up from
each group, and the crystal violet solution is added to each test tube, then the
number of tumor cells is counted as already described, and the average num-
bers counted here are taken as the tumor-proliferation number in each group
at this instant.

RESULTS

1. Antitumor ativity in the first week after tumor transplanation: A
significantly strong antitumor activity can be observed in the regional axil-
lary lymph node cells but no antitumor activity can at all be recognized in
both the spleen and the distant mesenteric lymph nodes (Table 1).

2. Antitumor activity in the second week after tumor trasplantation: Re-
gional axillary lymph nodes show an antitumor activity in the second week
after tumor transplantation, but by 72-hour culture the distant mesenteric
lymph nodes reveal only a slight antitumor activity. In spleen, no activity
appears (Table 2).

3. Antitumor activity in the third week after tumor transplantation: By
the third week after tumor transplantation no significant antitumor activity

Produced by The Berkeley Electronic Press, 1975



Acta Medica Okayama, Vol. 29 [1975], Iss. 2, Art. 1

88 K. Orira, N. Onunisui, Y. MaTsuo, E. KoNaca, Y. Kokumar and S. Tanaka

TaBLE 1 ANTITUMOR ACTIVITY IN THE FIRST WEEK AFTER TUMOR TRANSPLANTATION

No. of tumor cells after culture

Lymphocytes i h:Mean + S.E.*) - t-test
R e Y 14.4 & 1.44 12.2 + 1.25 p<0.001
D‘f;fri‘;h";‘;sg;“"ic 17.8 + 2.40 20.9 + 1.77 p>0.9
Spleen 15.0 & 1.47 18.3 + 1.62 0.4>p>0.3
N‘{;gx‘lﬂgﬁmph node 16.2 + 1.96 21.1 = 1.66
Tumor cell alone 20.4 + 1.62 92.8 = 1.77

* %104

TABLE 2 ANTITUMOR ACTIVITY IN THE SECOND WEEK AFTER TUMOR TRANSPLANTATION

No. of tumor cells after culture
(Mean + S.E.*)

Lymphocytes 8 hr T t-test
Rjgﬁgg‘;jji‘“‘/ 17.2 = 2.38 19.0 + 2.13 0.5>p>0. 4
Dig‘;‘;ff;f;fg“”“ 20.9 + 1.47 21.7 + 1.72 0.9>p>0.8
Spleen 23.5 + 1.51 2.4 + 1.47 p>0.9
N‘;;g:ft‘r;‘{)mph node 18.7 = 2.10 2.8 + 2.18
Tumor cell alone 21.6 + 1.48 26.2 + 4.78

* X104

TABLE 3 ANTITUMOR ACTIVITY IN THE THIRD WEEK AFTER TUMOR TRANSPLANTATION

No. of tumor cells aftar culture
(Mean + S.E.*)

Lymphocytes 3 hr 5 hr t-test
Rﬁgzgi’nﬁ,’ﬁl“y 16.9 + 1.56 2.4 + 1.88 p>0.9
Dif;;{‘;h“;;sg:‘”‘c 17.5 + 2.50 18.8 + 1.47 0.6>p>0.5
Spleen 14.1 + 1.32 13.0 + 1.39 p<<0.001
N‘Izg;ftl;;/)mph node 17.1 + 1.45 20.9 + 1.70
Tumor cell alone 18.1 + 1.28 23.0 + 2.61

* X104

can be observed in either regional or distant lymph nodes, but a strong acti-
vity can be seen in spleen (Table 3).
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4. Antitumor activity in the fourth week after tumor transplantation: A
slight antitumor activity can be observed in the regional lymph nodes and
spleen but the strongest antitumor activity appears in the distant mesenteric
lymph nodes (Table 4).

TABLE 4 ANTITUMOR ACTIVITY IN THE FOURTH WEEK AFTER TUMOR TRANSPLANTATION

No. of tumor cells after culture

Lymphocytes T hLMean £ S.E.Y 75 e t-test

Regional axillary

lymph node 11.5 + 1.55 12.3 + 1.75 0.3>p>0.2
Distant mesenteric

lymph node 11.0 + 1.61 9.1 £ 1.56 0.01>p>0.001
Spleen 6.2 + 1.29 13.1 + 1.37 0.4>p>0.3
Normal lymph node

(control) 12.8 + 1.34 15.4 + 1.40
Tumor cell alone 13.5 £ 1.69 17.6 + 1.69

* x104

DISCUSSION

Most of the studies (9, 10) on the cellular concomitant immunity in the
cancer-bearing body in the past have delt with the antitumor activity of
peripheral blood lymphocytes to primary cultured autochthonous tumor cells
or to established cells, and there are hardly any investigations on the anti-
tumor activity of lymph node cells, especially on the antitumor activity of
lymphatic tissues according to different sites of the body. For the past ten
years we have been studying the correlation between changes in antitumor
activity of lymph node cells according to sites in the cancer-bearing body
and the advance of cancer, using the antitumor activity in vitro of lympho-
cytes to corresponding tumor cells as parameter. Hara (1) in his homograft-
ing experiments of Ehrlich cancer cells, and Saton (2) in isografting of a
cell strain derived from C3H mamary cancer cells, have observed that by
10-14 days after the transpantation there appears a very strong antitumor
activity in regional lymph nodes, but after lapse of 14 days the antitumor
activity of lymph nodes diminishes along with growth of tumor in size.
Ousuat (5) has observed that using mice bearing spontaneous mammary cancer
the antitumor activity of spleen cells clearly diminishes when the mammary
cancer grows 109, over the body weight, and ORrita et al. (6) have conducted
a series of tissue cultures of the primary culture cells derived from surgically
extirpated human cancers such as gastric cancer and mammary cancer mixed
with autochthonous lymph node cells extirpated in operation. In the 30
series of their experiments they state that 21 cases out of 30 (709;) lymph
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node cells showed an antitumor activity on the primary culture cells, but in
comparing the antitumor activity of lymph nodes according to sites such as
regional lymph node and distant mesenteric lymph node they state that the
regional lymph nodes showed antitumor activity in 7 out of 13 cases (549;)
and distant lymph nodes in 14 out of 17 (82.49;), indicating that there is a
clear-cut difference in the antitumor activity of lymph nodes according to
sites even in man.

Such a time-lapse change in the antitumor activity of regional lymph
nodes is clearly seen even in the transplantation neutralization tests iz vizo.
For an instance, KasuiHara (11) isografted MC-induced tumor subcutane-
ously on the back of mice and collected regional axillary lymph nodes
from these animals with lapse of days after the isografting, and conducted
the neutralization experiments by transplanting MC-induced tumor cells mixed
with 10-fold number of regional axillary lymph node cells subcutaneously on
the back of untreated normal mice and found that regional lymph nodes one
to two weeks after such a transplantation clearly showed antitumor activity,
but the lymph nodes collected three, four weeks later ; namely, in the middle
and terminal stage, had no longer any antitumor activity. Changes in the
antitumor activity of lymphatic tissues at various sites of the body were
previously described by homografting experiments with Ehrlich cancer cells,
and in the present report the results of isografting of MC-induced tumor are
stated. Considering the report of Fisner and Fisuer (12) in which they state,
that in the case where tumor is transplanted to a mouse from which regional
lymph nodes were previously removed, the onset of antitumor activity is
delayed and the intensity of antitumor activity is less, it may be said that
the onset of tumor and antitumor activity would appear in the regional lymph
nodes after tumor transplantation, and the antitumor activity diminishes as
tumor grows larger and such an activity appears in more distant lymphatic
tissues instead. It seems that the fall in antitumor activity of regional lymph
nodes in progressive cancer is due mainly to an inflow of excess tumor-
associated antigens from tumor to regional lymph nodes; namely, mainly
centering around the mechanisms of so-called high zone paralysis.

REFERENCES

1. Hara, S.: Cellular antibody in mice bearing Ehrlich cancer. I. A quantitative study
on antitumor activity of cellular antibody in vitro. Acta Med. Okayama 19, 91-98, 1965

2. SaTon, K.: In vitro studies on tumor-specific immunity by using C3H mammary cancer-
A cells. 1. Inhibitory effect of lymph node cells from the tumor bearing isologous C3H
mouse on the proliferation on the tumor cells. Acta Med. Okayama 22, 261-268, 1966

3. Orita, K.: Reaction of lymphoid cells on target cells in vitro. Acta Haem. Jap. 31,
697-709, 1968

http://&echoi arship.lib.okayama-u.ac.jp/amo/vol 29/iss2/1



Oritaet al.: Time-lapse changes in the concomitant immunity of lymphocytes fro

Changes of Concomitant Immunity 9]

4. Onsuct, M.: In vitro studies on the inhibitory effect of lymph node cells. I. Antitumor
activity of regional lymph node cells from methylcholanthrene-induced sarcoma be-
aring mice on the same primary culture sarcoma cells. Acta Med. Okayama 24, 447-456,
1970

5. Onsuct, M.: In vitro studies on the inhibitory effect of lymphoid cells. II. Antitumor
activity of lymphoid cells from spontaneous mammary tumor bearing mice on the
autochthonous primary culture cells. Acta Med. Okayama 25, 229-235, 1971

6. OriTa, K., KoBayasHl, M., Konaca, E., KokuMar, Y., HiramaTsu, M. and TaNaka, S.:
Growth-inhibition effect of lymph-node cells from cancer patients on autochthonous
tumor cells. Acta Med. Okayama 27, 133-140, 1973

7. Orita, K., Tomovasu, T., KaNepa, S., Miwa, H. and Konaca, E.: Time lapse changes
in the concomitant immunity of lymphoid cells from different regions of Ehrlich tumor-
bearing mice and alterations in blastformation rate due to PHA-stimulation. Acta Med.
Okayama 26, 81-88, 1972

8. Mappen, R.E. and Burk, D.: Production of viable single cell suspensions from solid
tumors. J. Nat. Cancer Inst, 27, 841-861, 1961

9. HEeLLsTROM, 1., HELLsTROM, K. E., SjocrREN, H. O. and WARNER, G. A.: Demonstration
of cell-mediated immunity to human neoplasms of various histological types. Int. J.
Cancer 7, 1-16, 1971

10. O’Tootk, C., PERMANN, P, Unscaarp, B., MoOBERGER, G. and Epsmyr, F.: Cellular im-
munity to human urinary bladder carcinoma. I. Correlation to clinical stage and radio-
therapy. Int. J. Cancer 10, 77-99, 1972

11. KasHiHARA, E.: Inhibitory effect of isologous regional lymph node cells from the
methylcholanthrene-induced sarcoma bearing mice on the tumor in vive. Acta Med.
Okayama 24, 161-173, 1970

12. Fisuer, B. and Fisuer, E. R.: Studies concerning the regional lymph node in cancer. I
Induction of immunity. Cancer 27, 1001-1004, 1971

Produced by The Berkeley Electronic Press, 1975



