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ABSTRACT The antitumor activity of SSM consists in the activation and intensification of
collagen proliferation against carcinoma. The experiment in vitro and in vivo (xenografts) in-
dicates that SSM did no direct damage to the cancer cells, but that it accelerated the proliferation
of collagen fibers of the stroma. These collagen fibers enclosed the cancer cells and prevented
cancer cell proliferation. It was also made clear that the proliferation of collagen fibers was
accelerated remarkably by SSM under a certain condition of immunity. Therefore, one of the
basic activities of SSM is to stimulate the proliferation of collagen fibers in the stroma invaded
by cancer cells. Collagen serves in the composition of small blood vessels, blood capillaries,
muscle fibers, and nerve fibers. Besides, the biosynthesis of collagen seems to be accelerated
by carcinomatous infiltration, and it may also take place with fibroblasts, endothelial cells, and
the amorphous matrix in the normal tissue or cancer cells themselves.
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INTRODUCTION

SSM (Maruyama vaccine) [1] is prepared from human-type tubercle bacillus . The
deproteinized extract is used as the vaccine and its main components are polysaccharide and nucleic
acids (DNA and RNA). It has been asserted that the antitumor activity of SSM stimulates lym-
phocytes and accelerates the production of interferon [2] and that SSM activates lymphocyte function
in cancer patients [3]. In addition, pulmonary metastases in rats with ascites hepatoma disappeared
after treatment with SSM [4].

We have used cultured cells to investigate cytotoxic effects on human cancer cells and have
shown that lymphocytes, when attached to the surface membrane of a cancer cell, which served
as target cells, either specifically (immunologically) or nonspecifically (by utilizing lectin), man-
ifested the strongest cytocidal effect [5]. Clinical cases of carcinomas treated with Maruyama
vaccine therapy for a certain period were investigated histologically and certain findings observed,
which may be due to the SSM therapy. In particular, biopsy performed on two patients with breast
cancer revealed marked stromal proliferation and increased collagen with disappearance of infil-
trating cancer cells. Therefore, it appeared that SSM stimulated the growth of stromal collagen
with resultant inhibition of cancer cells. In order to elucidate the mechanism of SSM, experiments
were carried out on both cells grown in tissue culture and xenografts of human cancer cells to nude
mice. This paper deals with the results of these experiments.
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MATERIALS AND METHODS
Patients Studied

Case 1 was a 47-year-old female. The patient died 2 years after operation for uterine cancer.
Hepatic metastases were present. Postoperative chemotherapy was without resplt. SSM injection
was given continuously for several months before death.

Case 2 was a 43-year-old female with left breast adenocarcinoma. At initial examination the
breast cancer had already formed metastatic foci in the skin and axillary lymph nodes. The patient
could not raise her arms, since cancerous infiltration resulted in an ulceration of the skin of the
mammary region (Fig. 1). Operation was impossible. Bilateral oophorectomy demonstrated me-
tastasis to both ovaries, and infiltration in the pelvic cavity. The patient was then treated with SSM
alone (alternating injection of A and B three times a week) [6]. Four months later the cutaneous
foci were reduced in size, and biopsy revealed healing; the patient could raise her arms (Fig. 2).
Figures 3 and 4 show histological findings of tumor foci 4 months after the initial SSM adminis-
tration; a distinct increase was observed in the interstitial cell components, especially the prolif-
eration of collagen from the basement membrane, vascular proliferation, and increase of muscle
fibers in a region with a glandular ductal structure. Individual cancer cells or groups of cells were
surrounded by proliferated fibrous components. Many cancer cells appeared atrophic or degener-
ative. Moreover, the collagen seemed to proliferate remarkably and extend from the capillary walls
as if following the cancer cells infiltrating into the adipose tissue (Fig. 4). In some areas cancer
cells were surrounded by the collagen fibers that looked like a spider’s web as a whole. Lymphocytic
infiltration was hardly seen in these degraded cancerous changes. The patient is now engaged in
her job in such a condition (Fig. 2).

Case 3 was a 29-year-old female with left breast cancer. Biopsy was conducted 2 years and
3 months before hospitalization. For the diagnosis of adenocarcinoma 4 mg of MMC was admin-
istered only once, and then the patient was hospitalized at the Okayama Rosai Hospital. Therapy
consisted of mastectomy, irradiation with 5,000 R of cobalt, and subsequently halotestin (3 tab-
lets/day) administered for 3 months. At this time metastasis to regional nodes was found. Since
metastasis was noticed in the lymph node of the left supraclavicular fossa one year after the initiai
operation, bilateral oophorectomy was conducted. This fossa was irradiated with 4,000 R of cobalt

Fig. 1. Case 2: Subject 43 years old with left breast cancer. Metastatic foci and cancerous ulceration were
noticed before the SSM treatment.

Fig. 2. Case 2: Cancerous ulceration healed after 1 year with the SSM treatment alone.
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Fig. 3. Case 2: Cancer cells surrounded by remarkable proliferation of collagen after 4 months with SSM
treatment. 400 X, Mallory stain.

Fig. 4. Case 2: Cancer cells infiltrating soft tissue enveloped by proliferation of collagen in the stroma. 400 X,

Mallory stain.

and SSM alone was administered for the following one-year period. Aninduration found in the left
thoracic wall was examined by biopsy.

Cancer cells were neither degenerative nor necrotic, but the collagen proliferated obviously
and a scirrhous infiltration was noticed. Cancer cells, however, were surrounded, suppressed by
the proliferating collagen from the stroma, and subjected to a vacuolation and atrophy, leading to
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disappearance (Fig. 5). As the contralateral lymph node was enlarged, a biopsy was performed
that revealed a formation of new metastatic foci. These foci were enclosed by the proliferating
collagen (Fig. 6). Liver function and general health were quite satisfactory.

Examination of the results obtained from the human cases suggests that the effective action
of SSM is the proliferation of the interstitial cell components, especially the collagen. The following
experiments were designed to verify this assumption.

€

Fig. 5. Case 3: Subject 29 years old with breast cancer. Cancer cells in the skin were compressed by the
proliferating collagen. 200 X , hematoxylin—eosin stain.

Fig. 6. Case 3: Metastatic cancer, in lymph node 2 years after operation, was surrounded and enclosed by
the proliferation of collagen. 200 X , Mallory stain.
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EXPERIMENTS
In Vitro Experiments: Tissue Culture

SSM used for the tissue culture was 0.5% carbol-free SSM-A supplied from Zeria Phar-
maceutical Co., Ltd. (Tokyo).

Established cell lines of human stomach cancer (undifferentiated carcinoma) [7] and lung
cancer (adenocarcinoma) were used as target cells [8]. These were cultured in a medium supple-
mented with 10% SSM (MEM + 10% FCS). Normal thymic cells of human fetal origin and
lymphoblastoid cells such as Burkitt’s lymphoma cells (Raji, EB-4) and leukemia cells (T-cells,
MOLT-4) served as effector cells. A mixture of target cells and effector cells (1:10) was placed
in a Leighton tube and observed for one week for cytotoxic effect. In the control experiment,
phosphate buffered saline solution (PBS) was added to the medium instead of SSM.

In Vivo Experiments: Effects of SSM Treatment on the Growth of Transplanted Human
Stomach Carcinoma (HGC) and Lung Carcinoma (HLC) in Nude Mice

SSM used for the experiments was SSM-A type.

Male and female nude 1.5-month-old mice (Balb/c-nu/nu) were used. These were divided
into two groups for experiment.

Group I. Cultured human cancer cells were transplanted. A rice-grain size tumor was obvious
after about 2 weeks. The mice then were injected subcutaneously with 0.3 ml of SSM-A twice a
week.

Group II. These mice were subjected to a transplantation of cancer cells simultaneous with
an SSM-A injection and then injected subcutaneously with 0.3 ml of SSM-A twice a week. After
the development of the tumor, the experimental group was further divided into two subgroups:
Subgroup I. These mice were injected with SSM alone. Subgroup 2. Normal mice of the same
strain (Balb/c) as the nude mice used were sensitized twice with 3 X 107 HLC cells, and thymic
and splenic cells were collected. These cells immunized against human cancer cells were freeze-
stored at —70°C. Nude mice with the xenograft were injected with SSM-A and in addition were
injected with thymic and splenic cells simultaneous with SSM administration. Xenografts of human
lung cancer cells were primarily used.

Long-term culture cell lines of HGC and HLC cells were used for the transplantation. Mice
were inoculated subcutaneously with 3 x 105, 6 X 105, or 1.2 X 107 culture cells for transplan-
tation. These were injected subcutaneously with 0.3-0.5 ml of SSM-A twice a week at the site of
xenograft. Mice were killed after given intervals of time from injection. The tumors were fixed in
10% formalin solution to prepare histological sections, which were stained with hematoxylin—eosin,
Mallory, Masson, and Pap’s orcein staining.

RESULTS
Effect of SSM on Cultured Cancer Cells

HGC and HLC cells were cultured for 1-2 weeks with 10% SSM (RPMI 1640 and 10%
FCS). No cytolytic effect of SSM was observed. When a mixture of cancer cells and human fetal
thymic cells was cultured in a medium containing SSM, almost all of the thymic cells adhered to
the surface of the cancer cells, which then manifested a mild cytotoxic effect. There was no
significant difference in the effect of this culture and the control culture of thymic cells without
SSM.

Experimental Studies on Nude Mice Transplantation of HGC Cells (Undifferentiated
Carcinoma)

When more than 3 X 106 cancer cells were transplanted, a rate of successful embedding of
nearly 100% was obtained. A tumor of rice-grain size developed subcutaneously within 2 weeks,
and increased gradually to the size of pea or thumb-tip. The largest tumor was of walnut size. The
transplanted cancer was an undifferentiated carcinoma. In case of the stomach cancer, administration
with SSM alone was effective enough to make the tumor disappear or make the tumor smaller in
size. When 3 X 10 cancer cells were transplanted, the tumor was reduced in size and marked by
cicatrization, and when 6 X 10° or 1.2 X 107 cancer cells were transplanted, the carcinostatic
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effect on the stomach cancer was more marked than on the lung cancer. The cancer-bearing animals
had also a conspicuous apothanasic effect (Figs. 7 and 8).

As shown in Figure 9, collagen and reticulin fibers formed and proliferated to surround
individual gastric cancer cells in about 60 days. This collagen originated from remote or neighboring
blood capillaries. Collagen seemed to arise from the matrix in the space among cancer cells (Fig.
10). Lymphocytes and macrophages were not prominent. After eighty or more days the transplanted
xenograft showed cicatrization. After transplantation, collagen proliferated remarkably and diffusely
among the growing cancer cells to form nodules. Lymphocytic infiltration and macrophage migration
were not observed. In some cases, transplanted cancer cells were embedded in the proliferating
interstitial tissue, forming a nodular, scarred mass resembling a tuberculous nodule and even
undergoing cartilaginous-like tissue (Figs. 11 and 12). '

In the control group, a tumor of rice-grain size formed and increased to the size of pea,
thumb-tip, or walnut. Collagen proliferation was less marked in this group than in the SSM group.
No cancer cells in the control group had spontaneous retraction or disappearance (Fig. 13). As
shown in Figures 7 and 8, an apothanasic effect was apparent in the group administered SSM.
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Fig. 7. Effects on tumor-bearing nude mice (undifferentiated gastrc cancer, HGC) of SSM treatment.
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Fig. 8. Effects on tumor-bearing nude mice (lung cancer, adenocarcinoma, HLC) of SSM, various splenic
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Fig.9. Collagen was formed and proliferated to surround individual HGC cells at about 60 days after the
SSM treatment. 400 x , Mallory stain.
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Fig. 10. Collagen proliferation from the stromal cells and matrix in the space among cancer cells (HGC).
400 %, Mallory stain,



Fig. 11. Collagen proliferating diffusely among the growing cancer cells (HGC). Lymphocytes were sparse.
200 x , Mallory stain.

Fig. 12. Cancer cells form a nodular cicatrix resembling hyalinized tuberculous nodules. 200 X, Mallory
stain.
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Fig. 13.  Tumor of transplanted HGC (6 % 107) with PBS treatment. Collagen proliferated less distinctly and
cancer cells infiltrated to the soft tissue in the control group. 200 X, hematoxylin—eosin stain.

Transplantation of HLC Cells (Adenocarcinoma)

As was the case with HGC cells, HLC cells could be transplanted at a rate of nearly 100%
when 3 X 10,6 X 10, or 1.2 X 107 were used for this purpose; tumors the size of a pea, thumb-
tip, and hen’s egg were formed. It is interesting to note that the lung cancer, when transplanted,
had a stronger tendency to form a glandular ductal structure than the gastric cancer. When the
proliferation of stromal tissues was examined, the collagen entered the space among individual
cancer cells in the gastric cancer, but it was along the glandular ductal structure and surrounded a
lobular structure of cancer cells quite loosely in the lung cancer. No tumor disappeared completely
after the administration of SSM alone. When SSM was administered continuously with the.pro-
liferation of cancer cells and growth of tumor an ulcer formed. Then an extensive area with the
ulcer as its center occupying the greater part of the tumor was collagenated. The cancer cells were
restricted to an area to which the tumor was adhered. In some cases, the collagenated area (mum-
mified) of the carcinomatous tumor with this ulcer as its center was demarcated and dropped out.
There was a tendency for the invasion of cancer cells to be restricted and degraded, and the tumor
healed.

Ulceration was also seen in the untreated control group of nude mice used for the trans-
plantation; the ulceration was less distinct, the tendency to collagenate weaker, and the apothanasic
effect less marked in this group than in the group administered SSM (Fig. 8).

As is clear from Figure 14, the SSM group presented a marked synthesis of needle- or film-
like collagen with the matrix of an area filled with necrotic and degenerative cancer cells. The
synthesized collagen enclosed hemorrhagic and necrotic tissues and was more collagenated to such
an extent that cancer cells were dropped out.

Another trial demonstrated still more interesting results. Nude mice were sensitized im-
munologically with splenic cells of Balb/c mice with HLC cells (1 X 107 cells, twice, subcutaneous
injection) and with splenic cells of cancer-bearing nude mice. Thymic and splenic cells were
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Fig. 14. Collagen proliferated in the necrotic and degenerating cancer cells in xenograft (3 X 107 cell
transplantation) after 2 months with SSM treatment. 200 X , Mallory stain.

collected and stored at —70°C. When 1 X 10° cells were administered continuously with SSM,
the tumor decreased in size remarkably or underwent the cicatrization. When immune cells were
added secondarily, stroma and collagen proliferated more distinctly than before, as shown in Figure
15. These surrounded the cancer cells, forming a circle or nodule that stimulated the proliferation
of collagen fibers. Finally, the cancer cells were enclosed completely. Therefore, it was concluded
from the experiment on transplantation of lung cancer cells that the administration with SSM alone
failed to make tumors disappear completely but that it was effective enough to cause the collagenation
in parallel with the proliferation of cancer cells and that the xenografts with ulceration on the
surface of the tumor were collagenated and finally dropped out. Such collagenation was accelerated
by addition of immune cells, which enclosed invasion of the cancer cells, and gradually these cells
underwent the atrophy and degeneration. On the other hand, serum containing anti-HLC antibody
induced less stromal proliferation than splenic cells (unpublished results). Thus the apothanasic
effect of SSM was demonstrated.

SSM Administration Simultaneously with Transplantation of Cancer Cells

In this experiment, in which SSM was injected subcutaneously simultaneously with sub-
cutaneous transplantation of 3 X 10% 6 X 10%, or 1.2 X 107 HGC or HLC, both types of cells
showed a low rate of implantation and proliferated rather slowly (Fig. 16). The delay in proliferation
was more outstanding in HGC than in HLC. It should be noted that when no cancer cells were
implanted at the site of transplantation of HGC in onc month after the transplantation, ecl-like
collagen proliferated and was entangled with the cancer cells to form nodules (Fig. 17). There,
the proliferation of collagen entangled with the cancer cells inhibited the growth of these cells.
Lymphocytic immigration was hardly noticed around these cells, and a small number of macrophages
wandered there. Thus it was proved that the defense mechanism for SSM against the proliferation
of cancer cells was based on an acceleration of the proliferation of collagen fibers entangled with
cancer cells. '
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Fig. 1S. Whenimmune cells were added in the tumor of HLC (3 x 10%) stromal collagen proliferated more
distinctly than SSM alone. 200 x , Mallory stain.
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Fig. 16. Tumor cell transplantability to nude mice with the simultaneous treatment of SSM and cell trans-
plantation.
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Fig. 17. The eel-like collagen proliferated and entangled with the cancer cells by the SSM treatment with
transplantation of HGC simultaneously. No lymphocytes were observed. 400 x , Mallory stain.

DISCUSSION

A recognized clue to the histological diagnosis of carcinoma is stromal proliferation sur-
rounding the tumor cells. The proliferation of connective tissue in the stroma may represent a
physiological reaction to prevent or limit, proliferation of cancer cells. In the case of the proliferating
cancer cells, these cells multiply so actively that the stromal proliferation usually fails to proliferate
sufficiently to overcome the infiltration or metastatic proliferation of tumor cells. In principle,
chemotherapeutic agents have rapid, direct cytocidal effects on cancer cells, while simultaneously
damaging the physiologically provided immune mechanism. This study demonstrated that SSM
has no direct cytocidal effect on the cancer cells but an effect on proliferating collagen of the
stroma in vivo. When the cancer cells were allowed to proliferate, SSM stimulated the biosynthesis
of collagen from the stroma around the blood capillaries and the matrix of tissues destroyed by the
cancer cells. The biosynthesized collagen enclosed the proliferating cancer cells and inhibited
metastasis. Furthermore, the cancer cells invading blood vessels may have stimulated the prolif-
eration of collagen from the walls of the blood vessels. Continuous SSM administration stimulates
collagen proliferation and this accelerates the regional reparation, and as the cancer cells continue
to destroy the interstitial components, collagen may proliferate continuously to enclose tumor cells.
SSM exerts a particularly distinct effect on a metastatic focus of breast cancer, a fact that may
contribute to the healing of intractable cancerous ulcers in patients with breast cancer (Fig. 2).

SSM has been shown to activate lymphocytic function and the production of interferon. In
Cases 1 and 2, only indistinct lymphocytic infiltration was noted in a region where reduction in
tumor size and healing of cancerous ulcer were observed. In this region the remarkable collagen
proliferation was accelerated around the blood vessels, muscle fibers, and in the basement mem-
brane, and may have caused the atrophy and final disappearance of the infiltrating cancer cells
(Figs. 3 and 4).
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On the basis of the result obtained from the biopsy and autopsy cases, experiments were
carried out with cultured cells of gastric and lung cancer serving as representative human cancer
cells. SSM did no direct damage to cancer cells, but when it acted on a mixed culture of cancer
cells and normal lymphocytes (those of fetal thymic cells), most of the lymphocytes were found
adhered to the cancer cells. There was, however, no significant difference in the effect of the mixed
culture containing SSM and that containing no SSM. If the effector cells used were immune
lymphocytes having reacted to the tumor specific antigen, they would have a very strong
cytotoxic effect.

Nude mice, naturally lacking T-cells, were used in an experiment on the xenograftic trans-
plantation of human gastric and lung cancer cells. The effect of SSM was found to be important
in clarifying the biodefense mechanism against the cancer. Especially, it was proven that the stromal
reaction (a defense mechanism in mice against human cancer cells) was also essential because of
its effect upon the collagen. The rate of successful transplantation was nearly 100% in nude mice
transplanted with 3 x 105, 6 X 105, or 1.2 X 107 cancer cells. When SSM was administered at
the appearance of a tumor of rice-grain size, it exerted a more remarkable preventive effect upon
the gastric cancer, which is undifferentiated, than the lung cancer, which is an adenocarcinoma.
Collagen fibers also proliferated in lattices, which surrounded individual gastric cancer cells at
about 2 months after the transplantation (Figs. 9-12). These lattice fibers formed a fan-like structure
in which participating collagen fibers extended from remote blood vessels. Collagen fibers of small
blood vessels and capillaries in an area infiltrated with the cancer cells were accompanied by
myogenic fibers. Cancer cells were absorbed in the process of reparation and their focus underwent
cicatrization. On the other hand, this focus was collagenated, forming a nodule, and healed, as
shown in the healing mechanism of the tuberculous nodule. In the control group the tumor increased
in size, since collagen fibers proliferated slightly (Fig. 13). In the group given SSM there were
individual differences in the tumor cell number and size. When the tumor was already large the
formation of collagen fibers was less able to overcome cancer proliferation.

It is of interest to note that the rate of successful implantation of tumor decreased rapidly
to 10% after SSM was injected simultaneously with the transplantation of HGC, as shown in Fig.
16. In this case, a number of collagen fibers entangled with one another around the cancer cells;
the cancer cells were prevented from proliferating and became degenerative and necrotic. A small
number of macrophages were persistent. Little or no lymphocytic infiltration was observed in the
early stage of xenografts (Fig. 17).

The HLC cells when transplanted, presented a histological picture of adenocarcinoma and
they showed little tendency to surround individual cancer cells. Therefore, the stromal proliferation
was seen within one lobule, and the effect of preventing cancer cells from proliferating was weaker
than that observed in the case of gastric cancer. In spite of the increase in size of the tumor, the
successive injection with SSM exerted a remarkable apothanasic effect, since the surface of the
tumor became ulcerative and was distinctly collagenated, forming a solid collagenous mass as a
result of the reparation of necrotic cancer cells. Similar ulceration was noticed in control animals
bearing the transplanted cancer cells and untreated with SSM, although to a lesser extent. In most
cases the tumor increased in size, while no ulcer was formed (Fig. 13). In addition, the xenograft
of HLC did not disappear after the administration with SSM alone. After the tumor was formed,
the animals were injected first with SSM and then with splenic cells of nude mice bearing cancer
or simultaneously with thymic and splenic cells of normal mice (Balb/c) immunized with the HLC
cells; the stromal proliferation was accelerated remarkably. In many of these animals, the tumor
was reduced in dimension and underwent the cicatrization as is shown in Figures 14 and 15. More
outstanding stromal proliferation took place to enclose the cancer cells in these animals than those
injected with SSM alone. The ability of SSM to prevent cancer is due to proliferation of the collagen
in the stroma primarily and proliferation of collagen is accelerated by the immune activity.

CONCLUSION

The most important action of SSM is that it accelerates the proliferation of the collagen of
stroma in carcinoma. This benefit can be further strengthened by the immunological treatment. In
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the case of breast cancer, stromal proliferation is stimulated by hormones as well as by immunity.
Moreover, it is intensified by SSM, which makes it possible to enclose a focus of cancer cells and
" prevent its infiltration and metastasis. In a transplantation experiment of human cancer to nude
mice, the proliferation of collagen by SSM surrounds individual gastric cancer cells (undifferentiated
-cancer) to induce cicatrization and nodular collagenation. When SSM is administered continuously,
despite the proliferation of cancer cells, the collagenation is intensified so remarkably that distinct
collagenogenic change takes place from the surface of the tumor with the ulcer. In this case, the
collagenation is enhanced by the injection of thymic and splenic cells immunized with human
cancer cells to a normal mouse of the same breed (Balb/c) and tumor-bearing nude mouse (Balb/
c-nwnu); the cancer is enclosed more strongly or the tumor disappears. Collagen proliferates
distinctly on the walls of small blood vessels, particularly blood capillaries, muscle fibers, and
nerve fibers. On the other hand, collagen has recently been produced by biosynthesis from the
matrix in the space among invading cancer cells as well.
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