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ABSTRACT Administration of polysaccharides extracted from human Mycobacterium tu-
berculosis bacilli, Aoyama B strain (SSM) produced regression of breast cancer in 2 women.
Biopsies of tumor nodules from these patients revealed intense proliferation of collagen
fibers from the stromal cells. SSM apparently promoted the proliferation and maturation of
collagen fibers from the stromal cells and matrix destroyed by tumor infiltration.
Transplantation of human tumor cell lines into athymic mice resulted in the formation of
collagen fibers surrounding the cancer cells. SSM promoted the proliferation and maturation
of collagen fibers encasing the tumor cells. The intensity of collagen fiber formation varied
with the kind of cancer cells used. The degree of proliferation of collagen fibers correlated
with the antitumor effects of SSM. There was hardly any migration of lymphocytes,
monocytes, and macrophages in the affected sites. It is interpreted that SSM stimulates the
proliferation and maturation of collagen fibers in the host as a major mechanism of its
antitumor property.

When examined by circular dichroism this proliferation was found to be dependent upon
changes in the molecular structure of the substances which make up the cell membrane.
Fibronectin was presumed to be important among these substances.
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INTRODUCTION
Proliferation of interstitial tissue surrounding cancer cells is a feature commonly found
in the histology of cancer. This phenomenon is not exclusive for the cancer tissues in vivo and
can be seen in vitro when tumor explants are grown in tissue culture. Thus, during the primary
cultures of cancer tissue or normal epithelial tissue in vitro, we often experience active
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proliferation of fibroblasts, occasionally overtaking entire cell populations. While these rapidly
growing fibroblasts in culture were regarded as unwanted, troublesome guests, we have
considered that these cells may play a useful role in vivo and carried out a number of
experiments.

We have found that fibroblasts have phagocytic activity [1-3] dependent upon the charge
on the cell membrane, and they may substitute the function of macrophages, and that they
carry Cs-receptors on the cell membrane as in the lymphocytes, suggesting that they play an
important immunological role [4]. These observations indicate that unlike lymphocytes, fibro-
blasts may, if not participating directly in the process of immune reaction, serve as the third
cell population which takes part in the defense of a living body. It is also known that the
fibroblast is the major component among the host cells producing collagen, fibronectin, and
other extracellular matrix [5-8].

Prior work from our laboratory demonstrated that long-term injections of polysaccha-
rides extracted from human Mycobacterium tuberculosis bacillus (“Special substance Maruy-
ama,” SSM) stimulated the production and proliferation of collagen at the site of tumor cell
infiltration. SSM produced antitumor effects by enclosing cancer cells and inhibiting their
proliferation [9].

In this paper we present evidence that for collagen production the contact of interstitial
cells and cancer cells is the only requirement, and the presence of macrophage and lymphocytes
was not required. The production of extracellular matrix, especially collagen from the intersti-
tial cells, seems to play an important role in the defense against proliferating cancer. In this
paper we also update the clinical material reported earlier [9] and additional laboratory studies
which further strengthens the role of fibroblast in the control of cancer.

MATERIALS AND METHODS

SSM [10,11] is prepared from hot water extract of Mycobacterium tuberculosis strain
Aoyama B. The main component is polysaccharides [12,13].

Case Report

Case 1 (Case 3 of the previous report [9]). This 27-year-old woman developed a left
breast mass. A biopsy of the lesion on 7/4/79 established a diagnosis of adenocarcinoma of the
breast. Metastases to the right axillary nodes were recognized.

Mastectomy and left axillary lymphadenectomy were performed on 7/18/79. On 7/28/
80 she was found to have metastases to the left supraclavicular fossa confirmed by a biopsy
and she was treated by oophorectomy.

On 9/13/80 she was started on SSM (SSM-A 2 ug polysaccharide/ml/day alternating
with SSM-B 0.2 ug polysaccharide/ml/day every other day).

One year later she developed an induration of the left thoracic wall. Ten days later a
right axillary node was palpable. This node was removed and examined histologically (Fig.
1A). Eight months later the left axillary node became palpable and was removed (Fig. 1B).
Currently (3 years after the start of SSM administration) she has multiple subcutaneous and
cutaneous metastases as well as metastases to the lumbar spine. Some of the cutaneous lesions
formed cicatrices. The cancerous cicatrices were shed and replaced by newly regenerated skin.
She feels generally well and continues working as a housewife.

Case 2 (Case 2 of the previous report [9]). This 43-year-old woman developed a left
breast mass in 7/80. At her initial presentation she already had left axillary spreads, loco-
regional skin infiltrations, and tumor ulcerations. Bilateral oophorectomies revealed metastases
to both ovaries and tumor deposits in the pelvic cavity. On 3/5/81 she was started on SSM,
alternating injections with SSM-A and SSM-B, 3 times a week. Four months later the cutaneous
foci started to regress and eventually all the ulcerative tumors of the skin disappeared.
Currently, 5 years after the start of SSM, while tumor remains localized in the chest wall, it is
well demarcated. She has returned to work and is doing well clinically.
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Fig. 1. A: Case 1. Right axillary lymph node with metastatic breast cancer, Oct 2, 1981, after 13
months of treatment. Collagen proliferation is seen around the cancer cells. Masson staining. x200. B:

Case 1. Left axillary lymph node with metastatic breast cancer after 20 months of SSM treatment.
Cancer cells which have invaded blood vessels are absorbed completely.

Collagen Formation In Vitro by Mixed Culture of Cancer Cells and Fibroblasts

Experiments were carried out with human gastric cancer cell line (HGC; undifferentiated
cancer) [14], human lung cancer cell line (HLC; adenocarcinoma) [15], and various fibroblast
cell lines derived from mouse and human origin, all of them developed in our laboratory.
Detroit 550 and WI-38 cell lines were purchased from Flow Laboratories (USA). Fibroblasts
at the 10th to 20th passage levels were used in the experiment.

To evaluate the production and formation of collagen fibers, mixed cultures of human
cancer (HGC, HLC) cells and fibroblasts were carried out. In these experiments the cancer
cells (10 cells/dish) were placed over the monolayers of fibroblasts of various human and
mouse origin. The cells were grown in a 6 cm plastic Petri dish containing MEM supplemented
with 10% fetal bovine serum (FBS). The dishes were placed in a humidified 5% CO,/air
incubator at 37°C. The plates were stained by Pap staining (Watanabe’s modification) at 1, 2,
3, and 7 weeks of culture and the formation of Argentaffin fibers and collagen fibers was
examined.

Transplantation of Cultured Cancer Cells to Mice

Animals. Nude mice (Balb/c nu/nu) were housed under specific pathogen-free condi-
tions in the Animal Procurement Center of Kawasaki Medical School. At the time of the
experiment they were transferred to ATCL-4 Clean Rack (4 m3/min x0.3 ¢, 99.97% D.O.P.
AC 100 volt 50/60 Hz).

Transplantation of HGC, HLC, IMR-32 human neuroblastoma and NB41A3 mu-
rine neuroblastoma cell lines to Balb/c nu/nu (athymic) mice. HGC cells are transplantable



176 Kimoto et al.

when more than 107 cells are used; however, the rate of successful take varies with the culture
condition. In order to assume complete transplantability 6-30 x 10° cells were used. HLC has
higher transplantability than HGC. It could be grafted 100% when 6 X 10° cells were used.

In previous transplantation experiments with HGC and HLC we injected SSM (0.3 ml
of SSM-A injected subcutaneously every other day) after the development of tumor was
confirmed [9]. In the present study 3-30 X 10% HGC cells were transplanted and subcutaneous
injections of SSM-A (0.5-1.0 ml every other day) were started at the same time (SSM
treatment: 14 mice; control: 29 mice). In the case of grafting of neuroblastoma of mouse
(NB41A3) (SSM: 5 mice; control: 7 mice) and human origin (IMR-32) (SSM: 5 mice; control:
5 mice), 3 X 107 cells were used.

Specimens for histological examination were obtained from experimental animals before
death, at the time of disappearance of tumor, and at the time of death. They were fixed in 10%
formalin and stained with hematoxylin and eosin (HE), by Masson-Mallory and Pap stains.

Transplantation of HGC and HLC cells fixed in 0.25% glutaraldehyde (GA) in
Balb/c nu/nu (athymic) and Balb/c (thymic) mice. HGC and HLC cells were fixed in 0.25%
GA for 3 min. They were washed repeatedly with phosphate buffer solution (PBS) by
centrifugation and dialyzed against PBS or distilled water for a day. Then, 3 X 107 resulting
fixed cells were grafted subcutaneously to mice (fixed HGC cells to 12 mice and fixed HLC
cells to 24 mice). At the time of grafting subcutaneous injections of 0.5-1.0 ml SSM-A were
started in these mice (5 for HGC cells and 13 for HLC cells) and a group of uninjected mice
served as a control. All of the mice received SSM-A every other day. Two groups of mice
were compared with regard to histological findings of tumor at the site of grafting 7-14 days
after grafting.

Transplantation of HGC and HLC cells in Balb/c (thymic) mice. 3 X 107 HGC or
HLC cells were transplanted in the mice. The mice were then divided into 2 groups. One
group received injections of SSM-A at the same time with grafting and then with 0.5-1.0 ml
of SSM-A every other day (HGC: 10 mice; HLC: 3 mice). The other group served as a control
(HGC: 5 mice; HLC: 2 mice). Both groups were held under observation for 7-14 days. The
sites of tumor cell grafting were excised before and after the disappearance of grafted tumor.

Observation on the formation of reticulum (reticulin) and collagen fibers in xeno-
grafts of cultured HGC and HLC cells in Balb/c nu/nu mice. The present experiment was
performed in order to examine, in detail, the formation and production of reticulin and collagen
fibers. The specimens from all of the mice, including 130 mice transplanted with HGC and
HLC cells and injected with SSM-A, and 40 control mice, were stained by Pap staining and
the maturation of collagen fibers positive for Mallory-Masson staining were compared.

Observations With Circular Dichroism (CD) Measurement

Chemicals. The following chemicals were obtained from -the sources indicated in
parentheses: Concanavalin A (Sigma Chemical Co., USA), human fibronectin (Waltham Co.,
USA), mannose (Merck Co., West Germany), glucose (Katayama Kagaku Co., Japan), sialic
acid (Tokyo Kasei, Japan), poly-L-lysine (Sigma Chemical Co., USA), N-acetyl glucosamine
(E.Y. Lab., USA), N-acetyl galactosamine (E.Y. Lab., USA), N-acetyl lactosamine (E.Y.
Lab., USA), and D-mannosamine (Sigma Chemical Lab., USA).

CD measurement. The measurement was carried out at 25°C with a Union Giken Mark
II spectropolarimeter with a slit programmed for a half-band 10A in width. The instrument
was calibrated with D-10-camphorsulfonic acid. All spectra were recorded in quartz cells with
a path 1.0, 5.0, or 10.0 mm in length by using a full scale deflection of 0.01-0.05 and a PBS
buffer at pH 7.4. The CD spectra were expressed in the molecular ellipticity [6] for the case of
known molecular weight, degree cm? dmole !, and in a differential dichroic absorption of Ae
= €1, - €r, Where ¢, and eg represented the molecular coefficients for the left- and right-handed
circularly polarized light, respectively, for HGC, HLC, and erythrocytes. Although 10 scans
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were generally done, on the average, the values in the region below 200 nm had high noise
and therefore were ignored.

Detection of the Fibronectin of Tumor Cells

The indirect immunofluorescent antibody method was employed to determine whether
fibronectin was present in the HGC, HLC, and NB41A3 cells used as xenografts and allografts.

Cells were fixed in cold ethanol for 3 min and washed twice with PBS. They were then
treated with antibody against human fibronectin (Behringwerke AG, West Germany) at 37°C
for 1 hr. After washing thrice with PBS, they were treated with anti-rabbit-y-globulin (Fluo-
rescein-conjugated, goat; Behringwerke AG, West Germany) at 37°C for 1 hr. The globulin
had been subjected thoroughly to the process of reabsorption with acetone powder. Finally,
they were washed again with PBS and sealed with glycerin solution (Glycerin : PBS = 1 : 1)
for microscopic examination.

Electron Microscopic Studies

In order to study the relationship between collagen fibers and cancer cells in the
xenograft experiments, transmission electron microscopic (TEM) examinations were carried
out with tumor samples obtained from mice in the experimental group. The methods for TEM
examination were previously described [1].

RESULTS

Follow-up of Histological Findings in Patients With Breast Cancer Treated With
SSM Imjection

Case 1. As detailed in the Materials and Methods section, metastasis was seen in the
contralateral axillary lymph node at the time of initial diagnosis. SSM injection was started
after oophorectomy (9/13/80). Subsequently, both ipsi- and contralateral axillary lymph nodes
(of Indian bean size) were excised and found to have metastatic disease. The cancerous foci
were all surrounded by distinctly proliferating collagen fibers. Cancer cells invaded blood
vessels and vascular walls; however, some foci were enclosed by pronounced proliferation of
collagen fibers from the vascular wall, and cancer cells had undergone organizational changes
(Fig. 1A). Additionally, there were areas of diffuse infiltration of cancer cells surrounded by a
network of highly proliferated collagen fibers. As discussed later, this pattern of proliferation
of collagen fibers resembled that observed after transplantation of HLC cells in animals
(Fig. 7). .

Case 2. As described in the Materials and Methods section she was found to have
metastases in the ovary and peritoneum. Injections of SSM were continued until 1/85. Four
months after the start of SSM injections the cancerous ulcerations disappeared. She has been
in good clinical health for 13 months since the previous report and she has been reinstated to
her former post. Her tamors remained palpable in the anterior thoracic region, but they are
considerably well demarcated and stable as of 12/31/84.

Collagen Fiber Formation In Vitro by Cancer Cells

Various cell lines, inicluding Detroit 550 and WI-38 fibroblasts of human origin and
fibroblasts originated from the interstitial tissue of breast cancer, as well as fibroblasts of
mouse origin, including the fetus and embryonal lung derived from Balb/c nu/nu (athymic)
and Balb (thymic) mice were used. Examination of the mixed culture revealed marked
development of both homologous and heterologous collagen fibers surrounding the HGC and
HLC cells. It required 7 weeks for these fibers to develop and cover the HLC cells. Addition
of 30% of SSM-A produced no major difference in the formation of Argentaffin reticulum
fibers, probably because the resultant culture had been excessively diluted (Fig. 2A,B).
Investigation is now underway to verify this observation in vitro.



178 Kimoto et al.

ety

Fig. 2. A: Reticulum fiber production in mixed culture of Detroit 550 fibroblasts and HGC cells (3
weeks). No SSM treatment. Pap staining. X200. B: Reticulum fiber production in mixed culture of
human fibroblasts and HLC cells. They were exposed to SSM-A for 7 weeks. Pap staining. X400.

Transplantation of Cultured HGC and HL.C Cells in Balb/c nu/nu (Athymic) Mice and
the Effects of SSM Injection

(a) Transplantation of live HGC cells. Injections of 3-30 X 10% HGC cells produced
90-100% transplantability, as compared to 100% take for HLC cells after injection of 6 X 10°
cells. In 1-2 weeks the HGC tumors grew to the size of a grain of rice. When 6-20 x 10°
HGC cells were transplanted and simultaneous injections of SSM were started, the take rate
was in a range of 20% as opposed to 70-100% in the untreated control group. The experiment
in vivo produced collagen formation in a manner essentially similar to that of collagen
formatjon in vitro. Samples obtained from mice after 3 weeks to 1 month of observation
showed that lymphocytes, mononuclear cells, and macrophages were hardly migrating. The
individual cancer cells were surrounded by ramified reticulum fibers originated from the
connective tissue of the vascular wall. The proliferation was so extensive that individual cells
looked as if they had produced collagen fibers. A dense network of reticulum fibers were seen
around the cancer cell nest. With the continued SSM injections, they matured to collagen
fibers, which were stained blue by Mallory-Masson staining. They cicatrized finally [9].

In mice surviving for prolonged periods of time after transplantation, the host reaction
to the xenograft was mainly the production of collagen fibers (Figs. 3,4).

(b) Transplantation of HGC cells fixed in 0.25% GA. In this experiment fixed HGC
cells were transplanted to mice in order to rule out the possibility that cancer cells themselves
might have produced collagen fibers. In these mice, no migration of lymphocytes, mononuclear
cells, or macrophages was found in the early stage after transplantation. As is observed in the
transplantation of cultured live cancer cells, collagen fibers surrounded individual HGC cells
to form a network, and the transplanted fixed cancer cells were all cicatrized to disappear
eventually. In the group of mice which received fixed cancer cells and simultaneous injections
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Fig. 3. Transplantation of 2 X 107 HGC cells into Balb/c nu/nu mouse with simultaneous SSM
treatment, 55 days. Dentritic proliferation of reticulum fibers are seen around the small blood vessels.
Pap staining. X 100.

of SSM, the proliferation of collagen fibers was more pronounced than that in the control
group of mice noninjected or injected with PBS (Figs. 5,6).

(c) Transplantation of live HLC cells. Proliferating and mature collagen fibers positive
for Mallory-Masson staining were found to be surrounding the tubular structures of adenocar-
cinoma, though less pronounced than those seen with HGC cells where individual cells were
encased. In mice which survived for a long time, however, the tumor became distinctly
collagenous and dropped from the host. It is noted that infiltration of HLC cells destroyed the
host tissue, and then the tumor cells became necrotic. New collagen fibers were produced from
the destroyed host matrix and stromal cells as starting material. This observation is similar to
those observed in the metastatic foci of a lymph node found 2% years after the operation in
Case 1 (colored Fig. 7; Fig. 1A)

(d) Transplantation of HL.C cells fixed in 0.25% GA. When fixed HLC cells were
transplanted, similar findings were obtained as those from the transplantation of fixed HGC
cells (Figs. 8,9). Collagen fibers surrounded each cancer cell, exhibiting perfectly the same
reaction as presented in the transplantation of fixed HGC cells. The transplanted fixed cancer
cells disappeared or became scarlike in 2-3 weeks. In this case, again, lymphocytes, mononu-
clear cells, or macrophages played no role in the process of disappearance of cancer
histologically.
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Fig. 4. Transplantation of 2 X 107 HGC cells into Balb/c nu/nu mouse with simultaneous SSM
treatment, 72 days. Proliferation of collagen fibers are surrounding cancer cells. No macrophages and
lymphocytes are seen. Pap staining. X400.

Transplantation of HGC and HL.C Cells in Balb/c (Thymic) Mice

Balb/c (thymic) mice can be regarded as controls for Baib/c nu/nu mice. As many as 3
% 107 HGC or HLC cells were transplanted in the Balb/c mice, but all of them were absorbed
to disappear in 2 weeks. In these thymic mice, as in nude mice, the host reaction to xenografts
was initiated by the appearance of reticulum fibers 1 week after transplantation. Then lympho-
cytes, mononuclear cells, and macrophages appeared to induce granulation and absorption of
cancer cells. In this case, the proliferation of collagen fibers was also more pronounced in the
group of mice injected with SSM than in the group of mice untreated.

Transplantation of Neuroblastoma Cells of Human and Mouse Origin in Balb/c nu/nu
(Athymic) Mice

Cultured neuroblastoma cells of mouse origin (NB41A3) had 100% transplantability
when 3 X 107 cells were injected and they gave rise to distinct tumor. In contrast, human
neuroblastoma cells (IMR-32) failed to take. NB41A3 tumor grew easily, reaching 2 cm in 3
weeks. In this case there was no reaction in interstitial tissue to tumor cells, not to speak of the
proliferation of reticulum or collagen fibers from the perivascular area. Lymphocytes, mono-
nuclear cells, and macrophages hardly appeared (Fig. 10A).

Transplantation of NB41A3 Murine Neuroblastoma Cells Fixed in 0.25% GA

No proliferation of collagen fibers derived from blood vessels took place at all against
native NB41A3 cells in any host. When GA-fixed cells were transferred, however, latticelike
collagen fibers proliferated to encircle each cell near the blood vessel (Fig. 10B). This
observation indicated that the collagen proliferation against transplanted cancer cells in the
host depended not only on the type of these cells but also on the molecular conformation of
their cell membrane. CD was used to further clarify changes in the molecular structure [16].
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Fig. 5. Transplantation of 2.5 X 107 fixed HGC cells into Balb/c nu/nu mouse with simultaneous SSM
treatment, 2 weeks. Marked proliferation of reticulum fibers is seen extending from perivascular tissues.
Pap staining. X 100.

Fig. 6. Transplantation of fixed HGC cells (2.5 X 107) into Balb/c nu/nu mouse. SSM untreated
control, 2 weeks. Reticulum fibers have proliferated less markedly than those shown in Figure 5. Pap
staining. X 100.

Changes in Molecular Conformation Induced by GA Fixation as Determined by CD

Chart 1 shows the CD spectra at 200-260 nm of HGC and HLC cells treated with GA
and of untreated native cells. The minimal absorption of essentially identical intensity was
observed at 230 nm in both types of unfixed native cells, HGC and HLC. When fixed in GA,
HGC and HLC cells showed one-ninth and one-third, respectively, of the minimal absorption
of the unfixed cells. These differences seemed to have derived from the amount of cell surface
component that was fixed with GA. The presence of fibronectin in HGC and HLC cells was
confirmed by the indirect immunofluorescent antibody technique, and it was presumed that
fibronectin was the component contributing to the decrease in molecular elliptical nature
caused by the GA treatment. The CD spectra of highly purified fibronectin were measured at
200-250 nm in the presence and absence of GA (Chart 2). Fibronectin untreated with GA
showed spectra in which the minimum and maximum were found at 214 and 228 nm,
respectively, which were the same as those reported by Mosesson [16]. When the same material
was treated with 5 ul of 10% GA for 5 min, its CD spectrum was reduced in intensity by about
28%. When the material was treated further with an additional 5 ul of 10% GA, its CD
spectrum decreased further in intensity by 23%. The intensity of absorption at 228 nm was,
thus, reduced in proportion to the amount of GA added; however, that at 214 nm was scarcely
influenced by GA treatment. Chart 3 presents the CD spectra of native erythrocytes, the
surface of which had no detectable fibronectin, and of these cells after treatment with GA.
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Fig. 7. Transplantation of 3 x 105 HLC cells into Balb/c nu/nu mouse and SSM-A (0.5 ml) injections
every other day after tumor formation. Collagen synthesis and proliferation are seen in necrotic area
similar to those seen in patient samples (Fig. 1A). 110 day. Mallory staining. X200.

Contrary to the reaction of the cancer cells, GA treatment produced an increase in the
absorption minimum approximately 3-fold higher in intensity and simultaneously moved its
peak 5 nm towards the long-wavelength side. Thus, pegative correlation was obtained with
regard to CD spectra from cells with or without fibronectin when they were treated with GA.
These results suggest that the changes in spectra were due to alterations in the conformation of
fibronectin [7,8] induced by GA fixation.

We also measured the CD of the important components of the surface of cells, including
(a) N-acetyl-D-galactosamine, (b) N-acetyl-D-glucosamine, (c) N-acetyl-lactosamine, (d) N-
acetyl-neuramic acid, (e) methyl-D-mannopyranosine, and (f) the lectin of Con A. The first 3
compounds exhibited the absorption minimum at 213 nm, while the last compound exhibited
the absorption maximum in the same wavelength, and the other compounds showed no
absorption at all. GA treatment induced no changes in the CD spectra of these compounds. As
the CD spectra of HGC and HLC showed no absorption at 213 nm, we concluded that none of
these compounds played a role in these spectra.

Electron Microscopic Findings

Figure 11 presents the electron photomicrographs of Figure 3. HGC cells (2 X 107)
were transplanted into Balb/c nu/nu mice subcutaneously, and concurrently 0.5 ml of SSM-A
were given and continued every other day. Figure 3 shows the tumor presented 55 days after
the transplantation. The tumor cells were surrounded by proliferating reticulum fibers origi-
nating from the vascular wall. With injections of SSM-A these fibers actively polymerized and
matured into collagen fibers positive for Mallory staining. The tumor was prevented from
growing and reduced in size to eventually be absorbed into the proliferating collagen fibers.

DISCUSSION

The synthesis of collagen fibers has recently become better understood [17]. Fibroblasts
and other cells of interstitial tissue are known to produce collagen [18-20]. Synthesis of
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Fig. 8. Transplantation of 2.5 X 107 fixed HLC cells to Balb/c nu/nu mouse and treatment with PBS
only. Two-week-old. Pap staining. Reticulum fibers surrounded each HLC cell and proliferated in the
same pattern as HGC cells. x400.

Fig. 9. Transplantation of 2.5 X 107 fixed HLC cells and simultaneous start of SSM injection. Two-
week-old. Pap staining. Fixed cancer cells were absorbed into collagen fibers and disappeared. x200.

collagen was also reported in cultured hepatic cells [18] as well as gastric cancer cells [21,22],
breast cancer cells [23,24], and other types of cancer cells.

We have demonstrated collagen synthesis in the area of cancer invasion in patients with
breast cancer and athymic mice transplanted with cancerous xenografts. We believe such
collagen due to angiogenesis served as a preventive and defensive mechanism of the host
against tumor invasion.

As the major mechanism of host defense against cancer, attention has been paid to the
cytotoxic effects of lymphotoxin produced from T-cells and the immunoglobulin-dependent
cytotoxicity of B-cells. Besides, monocytes and macrophages have been considered to play an
important role in the immune-response against cancer. Various agents were developed to
activate immune cells and these have been applied to the immunotherapy of cancer.

Our past experience in the studies of the cytocidal effects of lymphocytes against cancer
cells are in accord with the known effects of cell-mediated immunity [25,26]. Needless to say,
T-cells are known to play an important part in cellular immunity in transplantation experiments
on skin and renal grafting. As far as immune effect against carcinoma is concerned, however,
this lymphotoxic action was noticed mainly in in vitro experiments only. In in vivo conditions,
with patients with cancer, it is doubtful to what extent lymphocytes and macrophages, as
immune cells, can exert an inhibitory effect when mobilized in the host where tumor cells are
proliferating endlessly. Cancer cells are of low antigenicity, and judging from the number of
lymphocytes available in the host, it is doubtful that lymphocytes alone can exert major
anticancer activity in a cancer-bearing host.
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Fig. 10. A: Transplantation of 6 X 10° living NB41A3 cells into Balb/c nu/mu mouse,- untreated
control. Tumor of thumb-tip size formed. Little response of reticulum fiber formation is seen around the
blood vessels. Pap staining. X 100. B: An allograft of 0.25% GA fixed 3 X 10° NB41A3 cells in a nude
mouse. Remarkable response and proliferation of collagen fibers were observed in and around the blood
vessels 17 days after transplantation and treatment with SSM. Fine reticulin fibers surround individual
cancer cells and no lymphocytes may be seen. Pap stain. X200.
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Chart 1. Circular dichroism spectra of live HGC ( ) and HLC (- - - -) cells; and HGC (— -+ —)
and HLC (— * —) cells fixed with 0.25% glutaraldehyde.
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Chart 2. Circular dichroism spectra of human fibronectin (0.72 pM) in the absence ( ) or presence
(- --; 5.0 mM, —-—; 10.0 mM) of glutaraldehyde as a value of 114 for mean residue weight.

With this in mind, our study seems to indicate that the proliferation of collagen plays a
much more important role for defense against cancer than lymphocytes and macrophages.
SSM stimulated the synthesis of collagen, enclosed proliferating cancer cells or prevented
cancer from developing. No side effects are seen after long-term administration of SSM.

More importantly, unlike lymphocytes, collagen-producing cells are distributed through-
out the body. They constitute a much larger portion of the host cell population as compared to
lymphocytes and macrophages together. Collagen fibers proliferated from the destructed
stroma by invasion of cancer cells. Particularly, synthetic material for collagen derived from
the components of blood vessels, muscle-fibers, nerve fibers, and from the components of the
basement membrane. Furthermore, cancer cells themselves possess the potential of producing
collagen. Thus, it is understandable that the promotion of collagen proliferation results in the
inhibition of cancer invasion or at least a strong preventive measure against cancer development.

In our case report where SSM was administered for a long period of time, we demon-
strated that metastatic cancer cells in blood vessels were enclosed by collagen fibers prolifer-
ating from the vascular wall. Organization and absorption of cancer cells were noticeable.
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Chart 3. Circular dichroism spectra of live ( ) and fixed (--) human erythrocyte with 0.25%

glutaraldehyde.

Fig. 11. Electron photomicrograph of tissue shown in Figure 3. See Legend of Figure 3. Abbreviations:
C, collagen fibers; M, mitochondria; CS, cell surface; F, microfibrils in the cytoplasm.

Such being the case, it seems reasonable to expect that SSM administration produces long-
term survival despite the presence of metastatic disease.

The mixed cultures of cancer cells and fibroblasts resulted in formation of reticulum
fibers (reticulin) around the cancer cells, and that these fibers are produced as a result of the
interaction between cancer cells and fibroblasts. There was no major difference in the prolif-
eration of collagen fibers between any two combinations of homologous and heterologous
cancer cells and fibroblasts for mixed culture. It can be concluded, therefore, that the cancer
cells stimulate interstitial-tissue cells to synthesize collagen fibers in vitro, as well as in nude
mice models. Recently, Naito et al. demonstrated, by using parabiotic culture, that various

gastric cancer cells stimulated and promoted the synthesis of collagen fibers from fibroblasts
in vitro [21].
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HLC cells were shown to be somewhat inferior to HGC cells in inducing proliferation
of collagen fibers. There was also a difference in the pattern of collagen proliferation between
the two types of cancer cells. It is of interest to note that long-term administrations of SSM
gave rise to a distinct synthesis of collagen fibers from material with destroyed or lysed stromal
matrix. These areas were characterized by an obvious destruction of tissues by cancerous
infiltration and a marked degeneration and necrosis of cancer cells themselves. Similar changes
were noted in the metastatic lymph node of the patient with breast cancer under treatment with
SSM for 1 year after the operation.

The fixed cancer cells were dead, had no ability to produce collagen fibers, and served
only as a foreign body. Proliferating collagen fibers surrounding fixed cancer cells were in
such a proximity that they seemed to have derived from these cells. We also found that in the
case of HLC, live cancer cells were surrounded by collagen fibers which formed lobules,
whereas fixed HLC cells were surrounded by collagen fibers which formed a network. Earlier
we demonstrated that CD protein of the cell membrane of red blood cells changed by fixation
[27]. This difference in the pattern of collagen formation may be related to the molecular
conformation of the cancer cell membrane.

GA is regarded as the best of all fixatives now in use due, primarily, to the fact that GA
preserves the molecular conformation of the cell surface of native cells most effectively. When
GA-fixed NB41A3 cells were transplanted, collagen fibers proliferated without any lymphocyte
infiltration. When live NB41A3 cells were transplanted there was no reaction. Since fibronectin
was present on the surface of HGC, HLC, and NB41A3 cells, we suggest that the changes in
CD of HGC, HLC, and NB41A3 cells after GA treatment was related to fibronectin, and that
fibronectin may be an important key in clarifying the relationship between cancer cells and
collagen proliferation. Further study of this matter will be pursued in the future. -

Normal Balb/c (thymic) mice did not take transplanted tumor cells. Two weeks after
transplantation the site of transplant reduced to scar or disappeared. The initial histological
change observed was the proliferation of collagen fibers surrounding the xenograft. It was
followed by mobilization of lymphocytes, mononuclear cells, and macrophages toward the site
of transplantation. The proliferation of fibroblasts, as well as that of collagen fibers, was
intensified and granulation occurred. In normal thymic mice, therefore, the proliferation of
collagen fibers surrounding cancer was again the main reaction and seems to have been
intensified by lymphocytes and macrophages [9].

The proliferation of reticulum fibers and collagen fibers was always more pronounced
in the SSM injected group than in the control group for both the live and fixed cancer cell
transplants. In the nude mice to which HGC cells had been transplanted, the site of transplant
had proliferative collagen in both injected and control groups. This collagen response was the
proliferation of Argentaffin fibers extending from the areas around the small blood vessels and
showing a broomlike or ramified pattern of distribution (Figs. 3,5,10B). It varied in intensity
with the type of tumor cells. These fibers were positive for Pap staining. Mallory-Masson
staining revealed that they became mature collagen fibers. With SSM administration, the
formation of Argentaffin fibers and the maturation of these fibers became intensified.

It is hard not to assume that actively proliferating fibroblasts have nothing to do with the
living process operative in the body. We have suggested that fibroblasts are not only the
collagen-producing cells, but are the third important cells next to lymphocytes and macro-
phages. Fibroblasts also have phagocytic activity [1-3].

In the environment where tissue is destroyed by infiltration and proliferation of cancer
cells, collagen fibers proliferate by synthesis even in in vitro conditions. This change can be
regarded as, albeit small, a defense reaction exhibited by a living body against invasion of
cancer cells. Without any intervention the proliferation of cancer cells will be far outpaced by
that of collagen fibers, and these cells will break through the mesh of the defense. The present
experiments revealed that SSM promoted the proliferation of collagen fibers encasing the
cancer cells, destroyed them, and repaired the affected tissue. We further demonstrated that



188 Kimoto et al.

the proliferation of collagen fibers and the response pattern of proliferation of these fibers
varied depending upon kind of cancer cells used, which is probably related to the structure of
the cell membrane. It was also shown that the therapeutic effects of SSM are most likely
explained by a distinct capacity of stimulating and promoting the proliferation and maturation
of collagen fibers.

SSM seems to be effective in such cancers as breast cancer in which hormone-dependent
fibrosis is already occurring and in which the proliferation of interstitial tissue is easily induced.
In a normal immune environment SSM stimulates the proliferation of collagen fibers more
strongly and plays an important role in the inhibition of tumor infiltration [9]. Our observations
indicate that SSM is effective in enhancing the prevention of cancer recurrence by enclosing
cancer cells.

SUMMARY

SSM produced regression of breast cancer in 2 women and possibly prolongation of
survival. Histological examination of biopsies revealed marked proliferation of collagen fibers
from interstitial tissue cells of hosts infiltrating and enclosing cancer cells.

Laboratory studies revealed that SSM stimulated the proliferation of collagen fibers
derived from the blood capillary cells and matrix were destroyed by the cancer infiltration.
Collagen fibers synthesized in the necrotic lesion were originated mostly from interstitial-tissue
cells of the host. Production of collagen fibers from the cancer cells themselves could not be
ruled out. Formation of collagen fibers in the athymic mouse varied with the kind of cancer
cells used. The degree of progression of transplanted cancer was dependent upon the amount
of collagen fibers produced in the host. The larger the amount of collagen fibers, the more
intense the inhibition of the tumor growth. In athymic mice the lymphocytes and macrophages
did not play a role in the antitumor effects. In thymic mice proliferation of collagen fibers was
promoted by immune cells. Mouse neuroblastoma cells, when transplanted, did not stimulate
the proliferation of collagen fibers and SSM had no inhibitory effect.

It is concluded that SSM stimulated the proliferation of collagen fibers in the host, thus
displaying its antitumor property.
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