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Abstract

GROWTH AND METASTASIS OF 13762NF MAMMARY

ADENOCARCINOMA

by

Helen Sabzevari 

Advisor: Professor Jeanne Szalay

Using the transplantable mammary adenocarcinoma 13762NF, the 

growth and metastasis of intraocular tumors was examined following 

subcutaneous (SC) or intracameral (IC) tumor implantation. IC implantation 

of tumor lead to death after 7-9 weeks. In addition to extensive pulmonary 

metastasis, animals had metastasis to the cervical lymph nodes, body wall, 

heart, kidney, and liver. Animals receiving iridial implants with removal 

(enucleation) of tumor filled eyes prior to spread to the orbit remained 

healthy and the development of overt metastatic disease was prevented up to 

2 years.When healthy enucleated rats were necropsied 0 days to 26 weeks post 

enucleation, small nodules were seen in the lung. SC tumors metastasize 

predominantly to lung and lymph node. Excision of small primary SC 

tumors did not prevent animals from dying after 7-8 weeks with overt 

pulmonary metastasis.

Exam ination of enucleated rats 3 m onths post-enucleation 

demonstrated the presence of small nodules in the lung, heart, or cervical



lymph node. Histological and immunocytochemical analysis demonstrated 

the presence of carcinoma in 3 of 4 sampled nodules. Cell suspensions from 

enucleated rat organs containing nodules were inoculated into sublethally 

irradiated rats and caused cachexia and death. Cachexia and death were not 

observed when cell suspensions from control rats were inoculated into 

sublethally irradiated rats. Examination of old enucleated rats 1-3 years after 

enucleation revealed the presence of viable transplatable m etastatic 

adenocarcinoma in 23% of the animals.

The effect of treatm ent with a new therapeutic immunomodulator, 

Linomide (LS2616) was examined using the 13762NF tum or in rats that 

received SC or IC tumor implants or intravenous inoculation of tumor cells. 

Linomide was administered continuously in drinking water at a low dose 

(LD, 15 m g/kg) or high dose (HD, 60 m g/kg) beginning either one week before 

(pre-treatment) or 2 weeks after (post-treatment) tumor challenge. Post­

treatment with Linomide in SC experiments resulted in a significant decrease 

in tumor size, partial or complete regression of tumors, and a low incidence 

of apparent cures. In rats with ocular tumors Linomide was shown to 

significantly reduce pulmonary as well as extrapulmonary metastasis. In an 

experimental metastasis assay, Linomide did not effect pulmonary metastasis. 

The specific effect of treatment with Linomide depended upon the time of 

initiation of treatment and route of administration of tumor. In conjunction 

with in vivo experiments, in vitro assays were performed in order to assess 

the effect of Linomide on NK and m acrophage cytotoxicity and on 

lymphocyte proliferative responses in rats that received SC or IC implants or 

IV inoculation of tumor. Examination of the above mentioned group
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revealed that Linomide was capable of enhancing macrophage activity and 

lymphocyte proliferation and of partially restoring depressed NK activity.
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INTRODUCTION

1

BREAST CANCER

Epidemiology. Etiology, and Prevention

Breast cancer next to lung cancer accounts for more deaths among 

American women than any other malignancy. It has been estimated that 1 

out of 11 American women will develop breast cancer during her lifetime 

(122). Great variations in the incidence of breast cancer exist among different 

populations. The overall incidence of breast cancer is increasing 2% annually 

(106). Eastern European countries show a higher increase in incidence than 

Western European countries. The variation in mortality trends was not as 

great as in incidence rates. The incidence of breast cancer among Western and 

N orthern European countries was substantially higher than in North 

America and Australia (106).

Risk Factors

The principal risk factors for breast cancer include menstrual and 

reproductive history, diet and family history. The menstrual factors basically 

point to the importance of the ovary. It has been shown that women with an 

earlier onset of menses have a significantly higher risk of developing breast 

cancer (71, 139). The hormonal events that surround m enstruation are 

associated with progressive growth of the breast ductal epithelium and may 

on a long-term basis account for the steep rise in the incidence of breast cancer 

observed in women under the age of 40 (48, 139). A recent study shows that 

early onset of menstruation will produce a greater number of menstrual 

cycles and, therefore, a greater hormone exposure (48, 105). Oophorectomy



substantially reduces a wom an's breast cancer risk (139). The 70% risk 

reduction in wom en w ho had  oophorectom y before age 35 indicates an 

etiologic role for ovarian activity in at least tw o-thirds of breast cancer 

patients (139). Additional strong evidence for ovarian involvement in breast 

cancer is the lowered risk which follows menopause. It has also been shown 

that wom en w ith late natural m enopause have increased breast cancer risk 

(77, 84, 108, 141, 163). It has been estim ated tha t w om en w ith natural 

menopause at age of 55 or older had twice the risk of those whose menopause 

occurred naturally before age 45 (139).

Another im portant risk factor is the age at which a woman bears her 

first full-term child. Women pregnant before age 18 have about one-third the 

breast cancer risk of those whose first delivery is delayed until age 35 or older. 

The protective effect is essentially lim ited to the first birth and protection is 

exerted only by a full-term pregnancy (77, 84, 108, 141, 163 ). Women whose 

first birth  is delayed to their m id- or late-30s have slightly higher risks 

com pared to w om en w ho never have a child (163, 77, 84, 108). This 

phenom enon suggests that the first full-term pregnancy has a trigger effect, 

which either produces a perm anent change in the factors responsible for the 

high risk, or changes the breast tissue and makes it less susceptible to 

m alignant transformation. However, it is also possible that women w ith a 

late first birth are a group of sub-fertile women, and the hormonal imbalance 

which m ade them sub-fertile is also responsible for their increased risk of 

breast cancer (21, 82). An alternative explanation is that the stimulation of 

breast tissue that accompanies pregnancy prom otes previously initiated 

tum or cells in older women (21, 82).



One important risk factor in breast cancer is the presence of the disease 

in an immediate family member. Women who have a first degree relative 

w ith breast cancer have a risk two or three times greater than that of the 

general population. This risk is substantially more if the relative was affected 

at an early age or had bilateral disease (76). It has been shown that women 

with a premenopausal relative with bilateral breast cancer have a nine-fold 

increased risk of developing the disease (2). It has been suggested that the 

breast cancer risk m ight be genetically related to variations in any of the 

several enzym es necessary for the synthesis of steroids and could thus 

produce altered levels of estrogens and other horm ones (16, 48). It is 

therefore possible that these alterations in hormonal level can cause a 

predisposition to breast cancer, producing familial clusters.

Metastasis

The m ost urgent problem  in breast cancer is the m anagem ent of 

metastasis of tum or cells to distant organs. Breast carcinoma can metastasize 

to distant organs such as lung, liver, bone, spleen, and ovaries (40, 118, 144). 

The first sites of metastases are the regional lymph nodes (axillary, internal 

mammary, supraclavicular). The axillary lymph node is a major metastatic 

site and approxim ately 40% to 50% of patients w ith breast cancer have 

evidence of metastasis to these nodes (125). It seems that the involvement of 

axillary lymph node is directly related to the size of the tumor and not to its 

distance from the prim ary lesion. The second major drainage area for 

carcinoma of the breast is to the internal mammary lymph node (IMN). It 

seems that IMN involvement is not as extensive as axillary involvement



28% versus 42%, respectively (42). It also has been observed that 

involvement of the IMN is directly related to the size of the prim ary tumor 

(13). In prim ary tumors m easuring less than 5 cm, IMN involvement was 

seen in 19% of the patients compared to 37% for primaries greater than 5 cm. 

Supraclavicular node involvement represents a late stage of axillary nodal 

involvem ent and is only found in patients w ith axillary lym ph node 

involvem ent (13). M etastasis to supraclavicular lym ph node apparently 

occurs through the axillary route (20).

Dormancy of Breast Cancer

H um an breast cancer is one of the most common types of cancer 

capable of leading to a state of dormancy (quiescent state). One of the studies 

which has examined the long-term survival of patients with breast cancer, 

examined survival in 1141 patients (311 white, 830 black) diagnosed as having 

localized breast cancer. Survival from all causes was 62%, 43%, 33%, 25%, and 

18% at 5, 10, 15, 20, and 30 years, respectively. Breast cancer specific survival 

was 76%, 65%, 63%, 61%, and 59% at 5, 10, 15, 20, and 30 years, respectively 

(50). Other studies have shown that the relative survival at 20 years was 31% 

for clinical stage I (axillary node not involved) and II (axillary nodes 

involved) patients, and 72% in patients with pathologic node negative disease 

(87,160). By looking at the later statistic, we can observe that the delayed (5-20 

years) appearance of metastases after adequate control of primary neoplasm is 

an estab lished  clinical phenom enon. Therefore, u n d erstan d in g  the 

m echanism s involved in tum or dorm ancy should  help us to create



therapeutic strategies capable of destroying the residual tumor cells left in the 

body after treatment of primary breast cancer.

Treatment of Breast Cancer in Humans

1. Surgical treatment and radiation

The object of breast cancer treatment is to eradicate all tum or cells in 

the breast region as well as in other sites throughout the body. Surgical 

procedures such as mastectomy can remove tum or from the breast, chest 

wall, and draining lymph node areas. Surgical operative techniques have 

changed trem endously through the years. Until the last decade, radical 

mastectomy (removal of the breast, major and m inor pectoral muscles, 

axillary lym ph nodes, and skin) was the prom inent surgical procedure to 

rem ove the prim ary tum or. In the past few years, however, radical 

mastectomy has been replaced either w ith modified mastectomy (major 

pectoral muscle stays intact), partial mastectomy, or lumpectomy. While 

operative procedures may remove the primary tumor, they cannot eradicate 

residual tumor cells left locally or at distant sites. Therefore, postoperative_ 

procedures play an im portant role in breast cancer treatment. Radiation 

therapy has been used to eliminate local residual deposits of tumor. It has 

been shown that w ithout postoperative radiation 20% to 25% of the patients 

with positive axillary lymph nodes will relapse in the supraclavicular area 

(140, 39). Using low dose radiation (3000-3500 rad in 4 weeks) will reduce the 

supraclavicular relapse to only 7%, and a moderate dose (4500-5000 rad in 4 

weeks) will reduce the relapse rate to 1% (32). Even though postoperative 

radiation has a clear effect on the reduction of regional relapses, it does not
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appear to prevent appearance of the distant metastases in breast cancer 

patients and therefore does not affect survival.

2. Estrogen therapy

About 50% of all primary tumors are estrogen receptor positive (ERP), 

with a slightly lower percent of positivity in metastatic lesions (48). The extent 

of positivity is related to the degree of differentiation and the histologic 

subtype. Approximately 90% of well differentiated ductal tumors and lobular 

carcinomas are ER positive. Premeneopausal patients have a lower incidence 

of ERP tumors (30%) compared to 60% in the postmenopausal period (48). 

Hormonal manipulation has been shown to be effective in breast cancer 

therapy. The basis for hormonal therapy is either to remove circulating 

estrogen or to block estrogen action. When estrogen is present in 

physiological amounts, it easily diffuses through the plasma membrane and 

binds reversibly to specific steroid-horm one-receptor proteins in the 

cytoplasm or nucleus. The binding of hormone activates the receptor, 

enabling it to bind with high affinity to specific DNA sequences that act as 

transcriptional enhancers. However, w hen estrogen is present in 

pharmacologic amounts, it binds to the ER and causes translocation of the 

complex to the nucleus followed by inhibition of cytoplasm ic ER 

replenishment. In contrast physiological amounts of estrogen cause an 

increase in cytoplasmic ER levels (48).

Using 15 mg of diethylstilbesterol (DES), the overall estrogen treatment 

response in postmenopausal women is 29%.

3. Antiestrogen therapy



Antiestrogens bind to estrogen receptors and as a result competitively 

inhibit estrogen action. Antiestrogens not only compete with estradiol for the 

ER receptor but also appear to prevent the replenishment of the cytoplasmic 

receptor. The antiestrogen response is slow and affects skin, lymph nodes, 

breast, and bone metastasis. The mean response period is 12 months, and 

mean survival time is about 30 months for responders and 8 months for 

nonresponders (48). Antiestrogens include clomiphene citrate, nafoxidine, 

and tamoxifen (132). The first two drugs are rarely used because of toxicity 

problems. The overall response using tamoxifen in postmenopausal women 

is higher (38%) compared to premenopausal women (26%) (59). Patients with 

tumors that are positive for estrogen receptors have up to a 75% response 

rate. Soft tissue and osseous metastases are more likely to respond, 

sometimes requiring several weeks before their response becomes apparent 

(85).

4. Oophorectomy. Adrenalectomy. Hvpophvsectomv

Oophorectomy has been an important treatment of premenopausal 

patients with breast cancer. The overall response rate with oophorectomy is 

29% in the premenopausal age group. The mean duration of response is 16 to 

18 months. The metastatic sites likely to respond include bone, soft tissue, 

lymph nodes, and lung (119).

Adrenalectomy has been used to remove a secondary source of 

estrogen production. Adrenalectomy is useful therapy in patients with 

inactive ovaries. The overall rate of remission is 30% (123, 162). It has been 

shown that patients that are ER+ respond better to adrenalectomy than



patients that are ER- (49% compared to 12%) (123, 162). The metastatic sites 

that respond best to adrenalectomy are soft tissue, bone, and lung (162).

Hypophysectomy serves as a second line of hormonal manipulation. It 

removes ACTH in postm enopausal women, whereas in prem enopausal 

women it removes gonadothrophic hormones and ACTH with subsequent 

adrenal and ovarian suppression. The overall response to hypophysectomy is 

31% and the mean duration of the response is 15 months. Mean survival 

time is 24 months in responders and 5 months in nonresponders (80).

5. Chemotherapy of breast cancer

Chemotherapy has become an important postoperative treatment in 

breast cancer. In the past decade, one of the most exciting areas in the 

m anagem ent of hum an breast cancer is the role of adjuvant therapy 

following local treatment. The percentage of patients who have metastatic 

breast cancer and respond to cytotoxic chemotherapy is almost twice as large 

as the percentage responding to endocrine therapy. Reports on the predictive 

value of the estrogen receptor for response to cytotoxic chemotherapy have 

been contradictory. Two series including 240 patients confirmed that 

hormone non-responders ( which include a a high fraction of ERP patients) 

have an equivalent response to combination chem otherapy, although 

horm one responders tended to have a longer survival time from the 

initiation of chemotherapy (18-23 months versus 13 months) The response 

rate to combinations of drugs is higher than to single agents (52). It is 

important to keep in mind that chemotherapeutic agents basically affect DNA 

synthesis of tumor cells and are not effective against resting tumor cells or 

very differentiated tumor cells. The standard chemotherapeutic agents that
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are usually used in breast cancer treatment either alone or in combination are 

cyclophosphamide (C), 5-fluorouracil (F), methotrexate (M), and doxorubicin 

(A) (22). Cyclophosphamide can be used either as a single agent or in 

com bination w ith o ther drugs. The response ra te  obtained with 

cyclophosphamide is higher than with any other agent (49). This drug can be 

adm inistered either orally or intravenously. 5-fluorouracil is usually 

administered intravenously and is typically used in combination with other 

therapeutic agents (3). Methotrexate has the same activity as 5-fluorouracil 

(143). In a recent study by Damron et al, 53 women with breast cancer were 

treated with a new 16 week dose intense, chemotherapy regimen. The 

chemotherapy regimen consisted of C, A, M, and 5-FU. At a median follow up 

of 17 months, there was 8 relapses in the 53 patients. The acturial 3-years 

disease free survival is 80%.

At present the most effective regimens available for general use are the 

CMF or CAF programs . In a recent study by Valagussa et al it was shown that 

in 165 women with breast cancer who were candidates for mastectomy 

because the largest diameter of the tumor was 3 cm or more, administration 

of CMF or CAF caused measurable tumor shrinkage in 157 patients and 

complete remission was documented in 7 patients (6). Also, responses to 

combination chemotherapy have been seen in all sites, including bone, liver, 

soft tissue, and viscera. The mean duration of response in most trials of 

combination chemotherapy varies from 12 months to 18 months (23, 74). 

Im m unotherapy

Immunotherapy in breast cancer patients usually is confined to the use 

of nonspecific immunostimulants combined with chemotherapy. It has been
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shown that the use of 5-fluorouracil, doxorubicin, and cyclophosphamide in 

combination with Bacillus Calmette Guerin (BCG) is superior in terms of 

prolonging remission (51). In another study it has been shown that the 

adm inistration of autologous irradiated tum or cells, mixed with BCG, in 

conjunction with 5-fluorouracil and radiotherapy for stage III breast cancer 

improves the prognosis (51, 48); however, this was shown in an uncontrolled 

study and should be confirmed in a properly randomized study.

Administration of IL-2 expanded tumor infiltrating lymphocytes (TIL) 

from resected surgical specimens is a new experimental approach of adoptive 

immunotherapy of cancer (115), and the effectiveness of this therapy against 

human breast tumors is currently under investigation.

13762NF Mammary Adenocarcinoma

The 13762NF mammary adenocarcinoma was originally induced by 7, 

12-dimethylbenzanthracene and grows in the syngeneic Fischer 344 rat (120). 

This tumor line is a suitable model to study human breast cancer since the 

cells are weakly immunogenic, highly metastatic to other organs such as lung 

and lymph nodes and sensitive to chemotherapeutic agents (9, 37, 111, 8, 7), 

however, unlike most hum an tum ors this tum or line is ER negative. 

Bogden has shown that excision of growing tumors on day 18 prolonged 

survival from 47 days in unexdsed rats to 65.5 days in exdsed rats (7). In early 

studies examining the effect of hormones and chemotherapy, it was shown 

that a short non-immunosuppressive chemotherapy with 17-B estradiol (10 

days) averaged 75% cures whereas the longer chemotherapeutic regimen (28 

days) had an immunosuppressive effect and resulted in 25% cures (7, 28). In a 

series of in vivo studies it has been shown that perphenazine( which
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increases the level of prolactin) increased the growth rate of 13762NF. 

Treatment of the hosts with estrogen prior to tumor implantation enhanced 

the effects of perphenazine on tumor growth (9).

13762NF Clones

One of the problems that oncologists have had to overcome in 

eradication of metastases is effective irradiation of tumor cell subpopulations 

with heterogenous sensitivities to various therapies. The 13762NF tumor 

contains rapidly diverging clones with different metastatic ability (89). 

Nicolson et al isolated and characterized five major subclones from 13762NF: 

MTA, MTF7, MTC, MTLn2, MTLn3, and MTPa. MTA and MTLn3 are highly 

metastatic, MTF7 has intermediate metastatic ability and MTC, MTLn2, and 

MTPa have very low metastatic ability (89,149,151). MTA has morphology of 

a g iant cell sarcoma, MTF7 is a scirrous-like, well vascularized 

undifferentiated carcinoma. MTC has the morphology of an undifferentiated 

carcinoma. MTLn2 has the morphology of differentiated adenocarcinoma 

with defined luminal formation, whereas MTLn3 has a mixed cell population 

with no special arrangement (89). It has been shown that MTLn3 is capable of 

producing higher amounts of type IV collagenase than the clones with low 

metastatic ability (86).

The 13762NF clones have been examined for differences in metastases, 

enzyme production, sensitivity to radiation, and antigen expression ( 148, 

150). Welch et al have shown that considerable clonal heterogeneity exists 

within the 13762 and its metastases with respect to responses to - radiation 

(148). MTA, MTLn2, and MTLn3 were incapable of accumulation or repair of
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radiation damage, while clones MTC and MTF7 contained cells which had a 

high ability to accumulate and /o r repair radiation damage (150).

A panel of monoclonal antibodies (MAbs) have been generated to react 

w ith different clones of 13762NF. The MAbs could be divided into three 

groups: those cross reactive with all 13762NF cells, those reactive with both 

clones MTLn3 and MTC cells, and those predominantly reactive with the 

highly metastatic MTLn3 cells (104). In a study by Steck et al (128), it has been 

shown that the presence of sialogalactoprotein (gp 580) correlates with the 

metastatic capabilities of the 13762NF clones. The gp 580 was expressed in 

increased am ounts on the more highly m etastatic clones. A different 

sialoglycoprotein (gp 80) was identified on the cell surface of these clones, but 

this molecule appeared to decrease in amount as the potentials of the cell 

clones to form metastatic lesions increased. Other investigators have grown 

13762NF on collagen substrate and isolated more than 100 clones (111). They 

showed that all clones were epithelial and varied slightly in that some 

formed domes at high density and some tended to be more elongated. Six 

clones were tested for tumorigenidty by injecting 106 cells SC. It was shown 

that all were carcinomas w ith varying histopathology from organized 

adenocarcinoma to solid cords of carcinoma cells.

To investigate the possible role that the immune system plays in 

metastasis, subclones of 13762NF were implanted in rats pretreated with 

cyclophosphamide. Little or no effect on metastasis was seen (102). In 

another study the humoral response was investigated. Little or no antibody 

(Ab) was detected in rats bearing MTLn3, MTF7, MTLn2, and MTC subclones, 

and it was concluded that Ab seemed to play little or no role in metastasis of
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subclones (102). Interestingly, it has been shown that when MTLn3 is 

implanted in nude rats, no metastasis was observed. It is possible that T-cell 

mediated imm unity may play a role in the enhancement of spontaneous 

metastasis. It m ight also suggest that in nude rats 13762NF cells are 

susceptible to NK m ediated cytolytic mechanisms. Alternatively, in 

im m unocompetent hosts a T-cell m ediated response (T suppressor) may 

enhance metastatic ability (102). North et al have shown that cells with low 

metastatic potential have the highest susceptibility to macrophage mediated 

cytolysis (103).

13762NF clones have the ability to undergo phenotypic drift. It has 

been shown that MTC fails to metastasize 23 days post injection SC but 

regains metastatic capability after several serial passage in vitro (149). Highly 

m etastatic MTLn3 lost its m etastatic ability w ith long-term  cultures. 

Interestingly, the morphology of MTC changed as a result of serial passage in 

culture from epithelial-like cells to polyglonal and then to spindle-shaped 

with long cytoplasmic projections whereas the morphology of MTLn3 did not 

change (149,151,88).

Studies on heterogeneity and the hormonal responsiveness of clones 

derived from 13762NF have shown that clones also vary in their hormonal 

responsiveness (37). When the 13762NF was cultured in collagen gel matrix, 

different clones showed varying degree of positive responsiveness to 

hydrocortisone plus epidermal growth factor (EGF) (37). Progestrone and 

prolactin both synergized with EGF to promote cell growth, whereas 17b- 

estradiol alone or in combination with other hormones had no growth 

promoting effect (37).
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13762A Mammary Adenocarcinoma

The 13762A mammary adenocarcinoma is an ascites form of 13762NF 

that has been used in examining immune responses in animals cured by 

resection and post surgical treatment. The most important qualities which 

make this tumor desirable for immunotherapeutic studies are its low 

immunogenicity and its high frequency of spontaneous metastasis (68). The 

growth and excision of 13762A did not lead to tumor rejection immunity. 

Initial injection of 1x106 tumor cells intradermally causes death within 40 

days and extensive metastasis to lung and lymph nodes (68). Kreider et al (66) 

have shown that administration of 5x107 units of BCG intratumorally on day 

7 of tumor growth, followed by tumor excision on day 20, decreased 

metastasis and increased the survival of hosts. BCG treated rats experienced 

prolonged survival and 20% were cured. It has been shown that the effect of 

BCG on tumor excised rats is due to activation of macrophages (66). Similar 

studies were done utilizing Corynebacterium parvum (CBP), administered at 

a dose of 1500 ug intratumorally on day 7 followed by primary excision on day 

20, was more effective than BCG and produced 40% cures and prolonged 

survival (67). Studies in other systems have shown that CBP affects IFN 

induction, augments T-cell mediated immunity, and activates macrophages 

and NK cells (81). Howel et al (54) looked at the involvement of T-cells in 

CBP treatment and showed that rats depleted of T-cells by either neonatal 

thymectomy or by a combination of adult thymectomy, 900 rad irradiation 

and bone marrow reconstitution, did not show inhibition of tumor growth 

after treatment with CBP. However, when rats were restored with lymph 

node cells, treatment became effective again. It was shown that cells with the
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T helper phenotype and pan T phenotype were responsible for the effect of 

CBP. Barlett et al (10, 65) have shown that tumor immunity in treated rats 

can be transferred to normal animals by peritoneal exudate T-cells from 

immune rats. Immunity by adoptively transferred T-cells was improved if 

recipient rats received cyclophosphamide (CY) before receiving donor cells, 

pre-treatment of recipients with CY enabled rats to reject higher numbers of 

tumor cells. Kreider et al (68) have also shown that 13762A contains different 

clones. They isolated a highly immunogenic clone (18A) from the parental 

tumor line and observed that this clone grew for 3 weeks in hosts, forming a 

2-3 cm tum or and then regressed. These hosts were then immune to 

subsequent challenge by 13762A. In other experiments, pre-treatment of 

animals w ith 450 rad lead to the progression of inoculated tumor. 

Interestingly, tumor regression in immune rats was only observed when the 

clone was put SC, and it was shown that this regression was due to a 

mononuclear infiltration (65). Christensen et al (19) have shown that there 

are quantitative and qualitative differences in the in vitro host response to 

parental 13762A tumor and its clone 18A. When lymphocytes obtained from 

the spleen and peritoneum of rats immunized with 18A were tested for 

specific proliferation to parental 13762A and clone 18A, distinct regional 

differences were observed in T-cell activity or responses. Immune peritoneal 

exudate cells (PEC) proliferated strongly in response to clone 18A, but poorly 

to parental 13762A. In contrast, immune spleen cells proliferated strongly in 

response to parental 13762A but weakly to 18A and showed equal cytotoxicity 

to both 13762A and 18A. In a recent study, Christensen et al (19) examined the 

poor responses of immune PEC to 13762A in a greater detail and found that a
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tumor-induced antiproliferative suppressor lymphokine (TISL) was produced 

from rat peritoneal T-cells in response to 13762A. The immune PEC response 

to clone 18A and responses of non-immune spleen cells was inhibited by 

TISL. In contrast the immune spleen cell response to 13762A was unaffected. 

These studies point to the heterogeneity that exists in tumor cell populations, 

as well as to a heterogeneity in regional immune response capability. 

Dormancy

.O ne aspect of metastasis that has not been sufficiently explored is the 

phenom enon of dormancy. An im portant problem in cancer therapy is to 

eliminate the few residual tum or cells rem aining in the body following 

treatm ent w ith surgery, radiation, chem otherapy, or imm unotherapy. In 

m any patients with carcinoma of the breast, melanoma, or colon cancer, 

recurrence of tumors can occur anywhere between 2-40 years after treatment 

an d /o r removal of the primary tumor (153). Recurrence of tumor is believed 

to be a consequence of the grow th of dorm ant metastases. The tum or 

dorm ant state has been defined as a state of suspended animation in which 

tum or cells rem ain in GO with little or no increase in cell number (157). 

Alternatively, proliferation of tumor cells may occur but may be accompanied 

by cytotoxic mechanisms capable of preventing a net increase in the number 

of tumor cells (157). Tumors can be restricted from growth either actively by 

means of humoral or cell mediated cytostasis or passively due to absence of a 

factor or factors required for proliferation (157). The use of animal models 

enables us to gain knowledge about mechanisms involved in dormancy. 

Three principally different mechanisms of tum or dorm ancy have been 

distinguished in animal models.
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1. Avascularity and sequestration of tumor cells.

2. Constitutive dependency of tumor cells on growth factors.

3. Immunologic restraint.

Avascularity and Sequestration of Tumor Cells

Tumor cells require nutrients, oxygen, and other essential elements to 

live and grow. Studies by Folkman and Hochberg (33) have shown that small 

tum or nodules that fail to develop a vascular network will be limited in size. 

In 1972 Gimborne introduced a new tum or dormancy model by implanting 

xenogeneic carcinoma in to the anterior chamber of rabbits (38). In this model 

tum or cells were unable to provoke capillary growth and failed to grow. 

These cells were considered to be dorm ant and survived for many months 

obtaining nutrients by simple diffusion.

In 1976 Brem and his colleagues implanted V2 carcinoma and mouse 

ependymoblastomas into the vitreous of rabbit or dog (12). The vitreous 

tum ors failed to become vascularized. Tumor grew  for weeks as small, 

unvascularized aggregates. However, it vascularization occurred when 

tumors reached the retinal surface. It seemed that the normal vitreous may 

act to inhibit capillary proliferation and neovascularization of tum or cells. 

Avascularization caused a delay of tumor growth. Studies by Folkman et al 

(33, 34) have shown that cells located at the surface of these aggregates 

received an abundant supply of nutrients whereas the cells that were located 

in the center died of m alnutrition. The balance between replication and 

necrosis account for dormancy. As the result of these experiments, a concept 

of dormancy based on avascularization was put forward.
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Constitutive Dependency of Tumor Cells on Growth Factors

This mechanism of tumor dormancy is characterized by a dependence 

of a tumor cell proliferation on exogenous growth factor or hormones. Nobel 

et al reported that adrenal, mammary, and other tumor cells implanted in 

animals remained dormant until stimulated by estrogen (100, 101). Kim et al 

(60, 61) showed that when rats bearing methylcholanthrene-induced 

mammary tumors were hypophysectomized, tumors regressed and animals 

stayed apparently tum or free. After a few months, they implanted 

mammotropin secretory pituitary tumors in the back of the rat's neck. This 

resulted in diminished dormancy and growth of original tumors. An in vitro 

model for hormonal dependent dormancy was established by Yuhas et al 

(159). They used human breast cancer cell line MDA-361 which requires 

insulin for growth and maintenance. Removal of insulin lead to the 

detachment of cells from plastic surface within 24 to 48 hours and formation 

of multicellular spheroids. Multicellular tumor spheroids enter the dormant 

state and remained dormant for 6 weeks.

Immunologic Restraint

One major mechanism for m aintaining tum or dorm ancy, is 

immunological restraint. Different investigators have shown that tumor 

dormancy can be diminished by eliminating effector mechanisms capable of 

restraining or killing tumor cells. Eccles and Alexander proposed one of the 

first immunological restraint models (24). In their experiment hooded rats 

received the 3,4 benzopyrene induced sarcoma in the leg. Two weeks later 

tumor and the local draining lymph nodes were removed by amputation of 

the whole limb. Ten percent of the animals treated w ith the above

x
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procedures died 55-100 days after the removal of the tumor; 90% of the 

animals stayed tumor free during an 18 month observation period. When 

these rats were subjected to whole body irradiation or 7 days of continual 

draining of the thoracic duct after the removal of the primary tumor, a very 

significant increase in the incidence of distant metastases was observed. 

Whole body irradiation and lymphocyte depletion caused the suppression or 

reduction of lym phocyte m ediated im m unity. Therefore, animals that 

appeared to be cured surgically carried dormant tumors that became manifest 

only after treatment which was immunosuppressive.

Another im portant model for immunological restraint of the dormant 

state was obtained using DBA/2 mice and Friend Leukemia Virus (FLV) 

classified as an oncovirus causing leukemia in DBA/2 mice (155). When 

DBA/2 mice are infected with FLV, animals develop erythroleukemia 21 days 

post infection. It seems that FLV affects lymphocytes and therefore results in 

rapid suppression of humoral and cellular immunity. The leukemogenecity 

of FLV is due to the im m unosuppression of the host. Treatm ent with 

statolon (an extract from penicillum) caused the clearance of the virus from 

blood of the host, and animals became clinically tumor free. Even though 

apparently cured animals stayed tum or free for 2 years, some developed 

erythroleukemia after 2 years. It was shown that treatm ent w ith statolon 

caused a resumption of antibody production and implicated an involvement 

of antibodies in this dormancy model (15).

A third model established by Wheelock et al, used L5178Y, a methyl - 

cholanthrene induced lym phom a, in DBA/2 mice (146). To establish 

dormancy, DBA/2 mice received 1x106 viable L5178Y cells SC in the mid-
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ventral surface of the abdomen. After 10 days the tumor was excised, and 7 

days post excision animals were challenged ip with 5x104 viable L5178Y cells. 

It was shown that 4 days post challenge a strong CTL response was generated 

and gradually  declined to background levels over several weeks. 

Accompanying the later event, there was an initial increase and then a 

decline in L5178Y tum or cell burden. Based on a series of studies by 

Wheelock et al (112, 113, 145, 146, 147, 156), it has been shown that the 

dorm ant state is mediated by a peritoneal cytolytic T-cell response, which 

destroys 99% of the L5178Y cells. Further studies on this model have shown 

that repeated stimulation of CTL activity in tumor dormant mice results in 

the elimination of L5178Y cells from a significant number of tumor dormant 

mice. During the course of the tum or dorm ant state, however, there is 

continual selection by CTLs for an emergent phenotype which preexists in the 

L5178Y cell population used to initiate the tumor dormant state. It has been 

show n th a t p rio r to te rm ination  of the tum or do rm an t state, 

immunosuppressive macrophages producing a PGE2-like factor appear in the 

peritoneal cavity, and inhibit the T-cell mediated cytolysis. In a recent study 

by Wheelock et al, it has been shown that the dormant state of L5178Y can be 

terminated by treatment with PGE2 (78). They have shown in vitro that 

tumor cell growth in PEC cultures from tumor dormant mice is enhanced by 

antibodies rMuIFN and MuTNF. This indicated that production of MuIFN 

and MuTNF may play a role in the restraining tumor growth (130). In a 

recent study by Wheelock et al (129), it has been shown that small 

concentrations of rMuINF- and rMuTNF synergize to induce antitumor 

activity in whole PC and in adherent and non-adherent subpopulations of PC.
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The antitum or activity in the PC is the result of both cell-mediated 

cytotoxicity induced by synergy of these cytokines and by a diffusible inhibitor 

of tumor cell growth induced by rMuTNF alone.

Issues Addressed By Thesis Research

This thesis has used a 13762 mammary adenocarcinoma as a model for 

breast cancer in order to examine the following points:

1. Examination of parameters that affect metastasis.

2. Initiation and development of a dormancy model resembling 

metastases of human breast cancer.

3. Examination of the possible immunological pathways involved 

in metastasis and dormancy.

4. Examination of the effect of specific therapeutic regimens on 

metastasis and survival.
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Chapter 1

Metastasis of Ocular and Flank Implants of the 13762NF 

Adenocarcinoma in Syngeneic Rats

Mammary

This chapter has been reproduced with the permission of the publisher 

of JNCI. It appeared in JNCI 79:837,1987.
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ABSTRACT

Solid fragments of 13762NF mammary adenocarcinoma, a syngeneic 

tumor of low immunogenicity were implanted on the anterior surface of the 

iris or posterior surface of the cornea in young Fischer 344 rats. Growth and 

metastasis of these implants were examined and compared with those 

occurring following SC tumor implantation in the flank. Corneal implants 

did not grow well or metastasize. Iridial implants grew well, and tumor 

typically filled the eye within a few weeks. If tumor-filled eyes were left 

intact, all rats died or became moribund 7-9 weeks later. Metastasis was seen 

in the lungs (11/11), cervical lymph nodes (7/11), body wall (5/11), heart 

(4/11), kidney (4/11), and liver (3/11). Removal (enucleation) of tumor-filled 

eyes prior to spread to the orbit prevented the development of overt 

metastatic disease for 1-2 years (11/11). When healthy enucleated rats were 

necropsied 0 days to 26 weeks post enucleation, small nodules were seen in 

the lung (9/13), liver (3/13), or spleen (1/13). Nodules were not seen in 

control rats that had been housed in our animal facility for 1-2 years (16/16), 

had eye surgery with tumor implanted on the posterior surface of the cornea 

(6/6), or had been subjected to the sham surgical procedures of corneal 

implantation and enucleation (3/3). When tumors were implanted SC, rats 

died after 6-7 weeks. Metastasis was seen in the lung (12/12), lymph nodes 

(12/12), spleen (1/12), and liver (1/12). Removal of very small flank tumors 

failed to prevent animals from dying 7-8 weeks later with pulmonary and 

lymph node metastasis (10/10). In summary, iridial implantation resulted in 

an altered pattern of metastasis. Animals that had iridial implants and
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enucleation failed to develop overt metastatic disease and had small nodules 

in the lung, liver, or spleen.

INTRODUCTION

The 13762NF mammary adenocarcinoma in the syngeneic F344 rat is 

an extremely useful mammary tumor model. The highly aggressive nature 

of this tumor has been demonstrated following SC inoculation of cell 

suspensions into the footpad, flank, or fat pad of the mammary gland or IV (7, 

9, 16, 89,151). This tumor has a predictable incidence of lung and abdominal 

organ metastasis from SC implanted grafts into the flank; 18 days after 

implantation, 100% of the hosts have metastases to the lungs and/or internal 

organs (7). The 13762NF tumor possesses low immunogenicity, is sensitive to 

steroid alkylating agents, and has been used for chemotherapeutic studies 

designed to evaluate therapy combinations (7, 9,152, 28, 11, 102, 103). When 

implanted SC in the flank or into the mammary gland fat pad, the 13762NF 

tumor shares the essential metastasizing and therapy response characteristics 

with many human breast cancers (7, 89, 102, 103). Clones of varying 

metastatic potential have been obtained from the parental tumor, and 

information is available concerning the effect of the immune status of the 

host on the spontaneous metastasis of these cell lines (151, 89, 102, 103). The 

early tumor spread by the lymphatic system has been demonstrated (16, 102).

We sought to develop and to utilize corneal and iridial ocular models 

for studying metastasis of solid fragments of in vivo derived syngeneic 

tumors of low immunogenicity in the rat. Ocular models were considered to 

be important for several reasons. The eyeball (with the exception of the 

conjunctiva) lacks lymphatic vessels. Thus appropriate ocular models offer
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an opportunity for studying the initial stages of metastasis under conditions 

where tumor cells and /or antigens must gain access to the blood vascular 

system prior to being exposed to the lymphatic circulatory system. An 

additional advantage of an ocular model is the ability to work in vivo in a 

transparent chamber and to examine the initial stages of tumor growth and 

vascularization in situ. Since uveal (choroidal) metastasis of human breast 

cancer is common (83) and breast cancer is the most common primary tumor 

metastasizing to the ocular structures (14), we considered it likely that the 

13762NF tumor would grow well on the iris.

In the present study we compare the growth and metastasis of corneal, 

iridial, and SC flank implants of in vivo-derived 13762NF mammary 

adenocarcinoma. We demonstrate that all animals with intact iridial or flank 

tumors die with extensive pulmonary metastasis, and the pattern of 

metastasis to other organs depends on the implantation site. Removal of 

small primary flank tumors has little or no effect on the development of 

overt metastatic disease, whereas removal of tumor-filled eyes prior to spread 

to the orbit markedly alters the progression of metastatic disease.

MATERIALS AND METHODS

The 13762NF mammary adenocarcinoma, obtained from the Breast 

Cancer Task Force Animal and Human Tumor Bank (Mason Research 

Institute, Worcester, MA), was maintained in our laboratory by SC 

implantations every 2 weeks of 1- to 2-mm3 tumor fragments into the flanks 

of 4- to 5-week-old F344 females (Charles River Breeding Laboratories, 

Wilmington, MA). Animals were fed Purina Rat Chow and maintained and
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cared for according to National Institutes of Health guidelines on the care and 

use of laboratory animals.

Preparation and examination of ocular implants

Female rats 5-6 weeks old were anesthetized by means of Nembutal, 

and the iris was dilated with 1.0% Mydriacyl. The rat was placed on its side 

under an OPMI-1 dissecting microscope, and an incision was m ade in the 

center of the cornea with a microlancet. Iridectomy scissors were used to 

extend the corneal incision to a length of approximately 2.0 mm. One edge of 

the cut cornea was held with a jeweler's forceps, and a 0.5- to 1.0-mm3 tumor 

fragment was placed on the anterior surface of the iris immediately adjacent 

to the pupillary margin or on the posterior surface of the cornea 1-2 mm from 

the limbus. In the event that the lens was damaged or an iridial blood vessel 

was inadvertently broken, the eye was rejected for further experimentation.

At weekly intervals rats were lightly anesthesized with ether, and the 

ocular im plant was examined and photographed. The width and length of 

the tum or were measured, and the degree of vascularization of the implant 

a n d /o r  cornea was noted. Eyes that had received iridial implants were 

routinely enucleated as soon as the eye became distended and the tumor 

could be seen filling the entire anterior chamber. At this stage, enucleated 

eyes w ere intact and turgid, and upon examination under the OPMI-1 

microscope at 6x they were always solidly packed with tumor. The orbits were 

always checked at 6x and appeared to be free of tum or. Following 

enucleation, eyelids were sutured and animals followed for varying periods 

of time. When enucleation was performed as described above, a tumor did 

not subsequently appear in the orbit.
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Implantation of extraocular tumor fragments

Tumor fragments (1-2 mm3) were injected SC into the left flank at the 

level of the fourth pair of mammary glands by means of a 16-gauge trocar. 

For determination of tumor size, the tumor was periodically palpated, and 

the width and length were measured with the use of a fine caliper. 

Examination of animals for metastatic lesions

The internal organs of experimental animals and of control and sham- 

operated animals housed in our animal facility for varying periods of time 

were examined under the dissecting microscope at 6x. Tissue containing 

metastatic lesions or nodules and tissue from control animals were fixed 

either in 10% Formalin, Zenker's fixative, or in 2.5% glutaraldehyde-2.5% 

paraformaldehyde, or 4% paraformaldehyde in 0.1 M phosphate buffer at pH 

7.3, processed, and embedded in paraffin.

RESULTS

Growth of Iridial Implants

The pattern and rate of growth of iridial implants were very variable. 

Most implants flattened out along the anterior surface of the iris and grew 

rapidly. In these animals, tumor growth was initially confined to the iris and 

the vascular bed derived from iridial vessels. By the end of the 1st week, the 

tumor filled approximately 20% of the anterior chamber and was often in 

contact with the cornea. Corneal vessels could then be seen growing inward 

from the limbus and over the region of the cornea contacting the tumor (Fig. 

1A). The histologic appearance of a portion of a 1-week-old implant is shown 

in Figure 2A. During the 2d week the tumor grew rapidly and the cornea 

became heavily vascularized. By the 3d week most eyes became distended,
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and the tumor could be seen throughout the anterior chamber. Progression 

to this stage was used as the basic criterion for enucleation. The histologic 

appearance of a portion of tumor from an enucleated eye is shown in Figure 

2B.

In some eyes the tumor grew very slowly either, and it took several 

weeks for the eye to become distended with tumor and meet the criteria for 

enucleation. The above mentioned phenomenon could have been the result 

of different tumor population that m ade up the tum or fragment or due to 

how  well the tum ors were attached to iris and how fast they became 

vascularized. In a small number of implanted animals, the tumor appeared to 

be mostly free in the anterior chamber but was attached to the iris by a thin 

stalk of connective tissue and blood vessels. Such im plants typically 

maintained their size for several weeks and then grew very rapidly.

Histologic and macroscopic examination showed that, regardless of the 

time required for tum or growth, enucleated eyes were always completely 

filled with tumor. Whatever the pattern of growth, enucleation at the time 

of initial distension of the globe prevented local recurrence.

M etastasis of Iridial Im plants From U nenucleated Eyes and From Eyes 

Enucleated After Tumor Spread to the Orbit

To follow the course of metastasis from the iridial im plant without 

subsequent enucleation, we gave 11 animals iridial implants and tumor-filled 

eyes were left intact. All animals became moribund an d /o r  died 7-9 weeks 

post implantation. Tumor-filled eyes were very large, and the tum or had 

invaded the orbit. M etastases were present in the lung (11/11), cervical 

lymph nodes (7/11), body wall (5/11), kidney (4/11), heart (4/11), and liver
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(3/11). In 10 rats the pulmonary metastasis was extensive, and entire lobes of 

the lung appeared as solid masses of tumor. In 1 animal only 2 small 

metastatic lesions were seen in the lungs, and the cause of morbidity was not 

apparent.

In another experiment we examined metastasis from ocular tumors 

when enucleation of tumor-filled eyes was delayed for 1 week after the time 

that this procedure was norm ally perform ed. Accordingly, eyes of 6 

experimental animals were enucleated 1 week after becoming distended with 

tumor. In this experiment enucleation was unable to control local or distant 

disease. Animals died or became moribund 7-9 weeks after implantation was 

metastasis to the lungs (6/6), cervical lymph nodes (3/6), body wall (2/6), and 

heart (2/6), and large recurrent tumor masses were seen in the orbit (Table 1). 

Examination of Enucleated Animals for Evidence of Metastasis

Twelve animals that received iridial im plants were subjected to 

enucleation and then observed for long periods of time. Only 1 rat died with 

extensive pulm onary metastasis 9 weeks post enucleation, and in this animal 

only a large recurrent tumor had grown in the orbit. Eleven rats remained 

healthy and apparently free of metastatic disease for at least 1 year post 

enucleation.

We then sought to determ ine w hether any evidence of metastasis 

would be present in animals that had been subjected to routine enucleation of 

tum or-filled eyes and m aintained for several months. Accordingly, 6 

apparently healthy rats were sacrificed and necropsied 16-26 weeks post 

enucleation. Nodules were seen in the lung (3/6) and liver (1/6) (Table 1).
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Nodules were typically less than 0.5 mm in diameter, and fewer than 5 

nodules were present in each organ.

To explore further the significance of the very small nodules seen in 

healthy rats sacrificed 16-26 weeks post enucleation, we studied several other 

groups of rats. To control for age, 16 rats maintained in our animal facility for 

1-2 years were sacrificed and necropsied. Nodules were not seen in any 

internal organs (Table 1). Then, 7 rats that had received iridial implants were 

sacrificed on the day that enucleation w ould normally have occurred. 

Nodules were seen in the lung (6/7), liver (2/7), and spleen (1/7) (Table 1). 

Nodules resembled those seen in animals necropsied 16-26 weeks post 

enucleation and, with the exception of 1 pulmonary nodule that was 1.5 mm 

in diameter, were characteristically less than 0.5 mm in diameter.

An additional group of rats subjected to ocular surgical procedures was 

necropsied and examined for the presence of nodules. Six rats that had 

received corneal tumor implants were sacrificed and necropsied at periods of 

time up to 16 weeks post implantation, and no nodules were seen. Finally, 3 

rats tha t had corneal im plants and enucleation w ere sacrificed and 

necropsied, and no nodules were observed (Table 1).

A typical pulmonary nodule seen in rats given iridial implants and 

necropsied at the time that enucleation would normally be performed is 

shown in Figures 2C and 2D. Histologic examination of nodules at high 

magnifications revealed the presence of small clusters of large cells with 

lightly staining nucleoplasm and prominent nucleoli (Figs. 3A-3C). The large 

cells in these nodules resembled those seen in the 13762NF tumor (Fig. 3D). 

Growth and Metastasis of Corneal Implants
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Thirteen animals received corneal implants. The pattern of tumor 

growth was very variable. Two implants failed to grow. The remaining 11 

grew very slowly over a period of weeks or months and then either remained 

unchanged or were resorbed. In all cases, limbal vessel invaded the cornea 

during the 1st week of tumor growth, and by the 2d week post implantation a 

dense and highly branched vascular bed was superim posed over the area 

containing the tumor (Fig. IB). When implants were resorbed, the corneal 

vascular bed underwent a dimunition until only a few long-branched corneal 

vessels extended from the limbus to the area of the original implant. Corneal 

implants grew in two dimensions and did not grow larger than 5 mm long x 2 

mm wide. Eyes with corneal implants never required enucleation.

Six animals whose corneal implants had grown were sacrificed and 

necropsied at periods of time ranging from 6 to 16 weeks post implantation. 

No nodules or evidence of metastasis was seen.

Growth and Metastasis of SC Implanted Tumor

The grow th and metastasis of flank-im planted tum or are readily 

investigated by utilizing tumor fragments (1-2 mm3). The growth rate of this 

size fragment is depicted in text Figure 1. Six to 7 weeks after implantation of

1- to 2-mm3 fragments of tumor, rats either died or became moribund and 

were necropsied. It was not possible to quantitate pulmonary metastasis since 

in all rats extensive portions of the lungs were obscured by masses of tumor. 

Lymph node metastases were present. Metastases were also seen in the liver 

(1/12) and spleen (1/12) (Table 1).

In examining the growth and metastasis of flank tumor, an attempt 

was m ade to more closely approximate the conditions used in our ocular
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implant experiments by injecting 0.5- to 1.0-mm3 tumor fragments into the 

flanks of 10 rats. However, the injection of these small implants proved to be 

unreliable, and tum or often failed to grow. The possibility that this size 

tumor fragment may not have been expelled from the 16-gauge trocar cannot 

be ruled out. The size and rate of growth of 4 successful implants are shown 

in text-Figure 1. The rate of growth of the smaller tumor implants was slower 

for the first 4 weeks than that seen with the use of 1- to 2-mm3 fragments. 

Seven weeks post implantation, hosts that had received the small implants 

were sacrificed and necropsied. All animals had pulmonary metastases, and 

nodules ranged in size from 0.1 to 6.0 mm. The average num ber of 

metastases per rat was 28.3 + 11.8 mm (SE). The extensive areas of lung 

obscured by tum or seen in rats that had received 1- to 2-mm3 tumor 

fragments were not observed.

To assess the effect of the removal of the primary tumor burden on 

metastasis and to more closely approximate conditions encountered during 

and after enucleation of tumor-bearing eyes, we gave 10 rats injections of 1- to

2-mm3 flank implants and palpated them daily; the tumor was removed as 

soon as it became palpable. The tumor was excised along with a wide margin 

of connective tissue. The geometric mean diameter of the palpated tumor 

was 4.3 + 0.3 mm (SE), roughly half the diameter of a normal rat eye. 

Nonetheless, 1 week later, the tumor could again be palpated in the flanks of 

all 10 rats and grew progressively. Animals either died or were sacrificed 

when moribund 6-7 weeks post excision, and all showed extensive lung 

metastases; entire portion of lobes of the lung were obliterated by solid masses 

of tumor.
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DISCUSSION

Deviant immune responses affecting growth and metastasis have been 

described in experiments utilizing the inoculation of suspensions of 

syngeneic tumor cells into the anterior chamber of the mouse eye (98, 95, 97, 

161, 93, 92, 91). This work has been done with the use of cultured tumor cells. 

Very little information is available concerning the growth and metastasis of 

ocular im plants of in vivo passaged syngeneic tum ors of low 

immunogenicity (46).

Several interesting findings emerged from the present studies. In 

unenucleated animals with iridial implants, the pattern of metastasis differed 

from that seen following tumor implantation in the flank. Metastasis was 

not always observed in the lymph nodes of animals with iridial implants, but 

metastases were present in the body wall (55%), kidney and heart (36%), and 

liver (27%). The cause of this altered pattern of metastasis is not known. 

Possible explanations include: a) changes in the phenotype of the tumor 

growing in the milieu of the anterior chamber, b) changes associated with 

metastasis from the eye by a primarily hematogenous route, and c) selective 

pressure for evolution of tumor cells with different colonization potential as 

a result of the presence or absence of specific immune responses occurring in 

the eye. Since an altered pattern of ocular metastasis was not observed when 

comparable experiments were performed with the use of B16F10 melanoma 

in mice (46), species and tumor differences must also be considered.

In spite of the aggressive nature of the 13762NF tumor, enucleation of 

relatively large ocular tumors completely prevented the development of 

metastatic disease for at least 1 year. More surprising, however, was the
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finding that nodules were typically present in the lungs an d /o r liver at the 

time of enucleation and in healthy enucleated animals necropsied 16-26 

weeks post enucleation. Since these nodules were not observed in control 

animals housed in our animal facility or in corneal im planted (sham- 

operated) animals, they appear to be specifically associated with the growth of 

iridial tumors. Considering the histologic finding of clusters of very large 

cells within these nodules, and the resemblance of these cells to those seen in 

prim ary 13762NF tumors, it is our working hypothesis that these nodules 

contain dorm ant tumor cells.

We have evidence tha t do rm an t m icrom etastases are p resen t 

th roughou t the body of the enucleated rat and th a t im m unologic 

mechanisms operate in these animals to prevent the growth of an extraocular 

tum or (Sabzevari, H., Szalay J.: M anuscript in preparation). The nature of 

the im m une response(s) is under investigation. Again, in experiments 

examining the ocular metastasis of in vivo derived B16F10 tum or cells, 

enucleation of tumor-filled eyes failed to alter the progression of metastatic 

disease, and all mice died with extensive pulm onary metastases 5-6 weeks 

post enucleation (46). Thus the ability to obtain dorm ant metastases under 

our experimental conditions is also species an d /o r tumor dependent.

In the syngeneic mammary adenocarcinoma studies presented in this 

paper, unenucleated rats became m oribund or d ied w ith extensive 

pulm onary metastases 7-9 week post implantation, whereas SC im planted 

rats died 6-7 weeks post implantation. The apparently longer survival of rats 

with ocular tumors could be attributed to the slower growth and metastasis of 

the smaller-sized tumor fragments used in the ocular studies. This receives
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support from our experiments with the use of 0.5-mm3 flank implants. In 

these experiments the primary tumor grew more slowly for 4 weeks, and the 

tumor burden in the lung at 7 weeks was markedly less than that observed in 

animals that had received 1- to 2-mm3 implants. In similar experiments 

examining the ocular metastasis of B16F10 melanoma in mice, we were able 

to use smaller needles and place 0.5-mm3 tumor fragments in the flank and 

on the iris. In these experiments no difference was observed in the rate of 

metastasis from these two locations (46).

Iridial implants that were largely free in the anterior chamber and 

attached to the iris by a vascular stalk grew very slowly. Recent work by 

others has show n the im portance of specific m atrix and extracellular 

molecules in affecting tum or cell adhesion, migration, and metastasis in vitro 

(135, 136). The difference in growth characteristics between implants that 

attach and spread along the iris and those that become vascularized but do not 

spread on the anterior surface of the iris may be in vivo documentation of the 

importance of different matrix molecules on growth and metastasis.

Although corneal tumors typically grew slowly and spread along the 

posterior surface of the cornea, they failed to undergo rapid an d /o r sustained 

growth or to metastasize from the eye. We have found that tum or cells do 

not appear to cross Descemet's membrane and enter the cornea and that blood 

vessels present in the area of the cornea containing tumor do not appear to 

cross Descemet’s membrane and enter the tumor (unpublished data). Failure 

to become vascularized may thus be limiting the growth an d /o r metastasis of 

corneal tumors. This interpretation is consistent w ith studies performed by
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others, dem onstrating the im portance of the vascularization of tum ors to 

growth and metastases (38).

In sum m ary, we have developed and utilized new ocular models for 

studying  the grow th and  m etastasis of in vivo derived  im plants of a 

syngeneic m am m ary adenocarcinoma of low immunogenicity in the rat. In 

comparing the growth and metastasis of intact iridial and flank tumors, we 

have dem onstrated that iridial im plantation results in an altered pattern of 

metastasis. In com paring the effect of rem oval of the prim ary tum or on 

m etastasis to d istant sites, we find that iridial tum ors differ from flank 

tum ors in that removal of the prim ary tum or prior to spread to the orbit 

prevents the development of overt metastatic disease and may be conducive 

to the form ation of dorm ant metastases. It is not yet know n whether these 

findings may relate to the lack of a lymphatic circulation in the eye or to the 

presence of deviant immune responses associated w ith tum or growth in the 

anterior chamber. These questions are under investigation in our laboratory.



TABLE 1.- Ifafaitaiii and nodule form ation f rom ocular and flank tumor tmplantsa

Incidence of metastasis or nodule formotien In Intemol organs
Primary tumor tmptonts

Lung Lymph node Body wall Kidney Heart LNer Spleen

Plonk
Intoct 12/12 12/12 0/12 0/12 0/12 1/12 1/12
Removal of 4 .0 -mm primary 10/10 10/10 0/10 0/10 0/10 0/10 0/10

Iridial
Intoct (unenudeoted) 11/11 7/11 5/11 4/11 4/11 3/11 0/11
Enucleation delayed 1 wk 6 /6 3 /6 2 /6 0 /6 2 /6 0 /6 0 /6
Routine enucleation with:

Necropsy on same doy (6 /7 ? (0 /7 ) (0 /7 ) (0 /7 ) (0 /7 ) (2 /7 ) (1/7)
Necropsy 16-26 wk loter (3 /6 ) (0 /6 ) (0 /6 ) (0 /6 ) (0 /6 ) 0 /6 ) (0 /6 )

Total incidence of nodules (9/13) (0/13) (0/13) (0/13) (0/13) (3/13) (1/13)
Controls

No tumor, 1 - to 2-year-old rats (0/16) (0/16) (0/16) (0/16) (0/16) (0/16) (0/16)
Comeal Implant with necropsy 6-16 wk later <o/«) (0 /6 ) (0 /6 ) (0 /6 ) (0 /6 ) (0 /6 ) (0 /6 )
Corneal implant and enucleation (0 /3 ) (0 /3 ) (0 /3 ) (0 /3 ) (0 /3 ) (0 /3 ) (0 /3 )

aN um bm  without parentheses represent the Incidences of metostosis. Numbers in  parenfAeses represent the 
Incidences of nodule formation with oil nodules <0.5 mm In diameter and <5 nodules present/organ.

^Nodule formation with 1 nodule-1.5 mm and the remainder of the nodules <0.5 mm; <5 nodules present/orgon.
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Chapter 2

Dormant Metastases of the 13762NF Mammary Tumor 

Fischer 344 Rat
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ABSTRACT

We have previously shown that rats with intact iridial implants of the 

13762NF tumor die within 7-9 weeks with pulmonary metastasis and 

extrapulmonary metastasis to the cervical lymph node, liver, heart, kidney, or 

body wall. If tumor-bearing eyes are removed (enucleated) rats remain 

healthy for 1-3 years and contain occasional small nodules in the lung. In the 

present study, we begin to develop a model for dormancy of an 

adenocarcinoma and examine enucleated rats (ER), for the presence of 

dormant viable tumor. Others have shown that formalinized tumor cells 

(FTC) potentiate the growth of dormant metastases. In the present study, ER 

were injected with 5x105 FTC 2 days after enucleation. Seventy-eight percent 

of the inoculated ER became moribund with widespread metastatic disease 2-3 

months later and had metastases to the lung (77%), kidney (55%), liver (33%), 

ovary (33%), body wall (22%), thymus (11%), and pericardium (11%). Control 

ER and ER inoculated with formalinized liver cells did not develop 

metastatic disease, and normal animals challenged with FTC did not develop 

tumor. In other experiments, ER were examined 3 months post-enucleation 

and 40-70% contained nodules in the lungs, heart, or cervical lymph node. 

Histological and immunocytochemical analysis perm itted definitive 

diagnosis of carcinoma in 3 of 4 nodules sampled. When cell suspensions 

from ER organs that contained nodules were inoculated into sublethally 

irradiated rats (SIR), hosts became cachexic and died within 5 days. Cachexia 

and death were not observed when CS from organs lacking visible nodules or 

from control rats were inoculated into SIR. Examination of old ER 1-3 years 

after enucleation revealed the presence of viable metastatic adenocarcinoma
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in 23% (3/13) of the rats. Adenocarcinoma was not present in 11 age-matched 

controls. Collectively, our data support the existence of dormant viable 

metastatic carcinoma in ER.

INTRODUCTION

The 13762NF mammary adenocarcinoma is a highly aggressive 

transplantable syngeneic tumor of low immunogenidty in the F344 rat and is 

useful as a model for studying breast cancer (8, 9, 37, 111, 120). The 13762NF 

tumor and various subclones have been used in studies designed to evaluate 

the effect of immune factors, therapy combinations, and dietary regulation on 

tumor growth and metastasis (7, 28, 58, 102,103,152). In a previous study, we 

showed that implantation of tumor on the iris leads to death after 7-9 weeks. 

In addition to extensive pulmonary metastasis, animals had metastasis to the 

cervical lymph nodes, body wall, heart, kidney, and liver. If animals received 

iridial implants with removal (enucleation) of tumor-filled eyes prior to 

spread to the orbit, animals remained healthy and the development of overt 

metastatic disease was prevented. When healthy ER were necropsied 0 days 

to 26 weeks post-enucleation, small nodules were seen in the lung. The 

identity an d /o r tumorigenicity of cells from these nodules was not 

determined (131).

The phenomenon of dormancy is an extremely important aspect of 

metastasis. In patients, tumor-dormant states are manifested by the 

recurrence of tumor at distant sites, years after removal of the primary tumor. 

Dormancy is most frequently seen in patients with breast carcinomas and 

malignant melanomas (41).
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Experimental models for tumor dormancy or dormant metastases (24- 

27, 35, 60, 78, 110, 124, 120, 130, 142, 154), predominantly involve lymphomas 

and sarcomas. Very few animal models are available to study the 

phenomenon of tumor dormancy most typically seen clinically. The use of 

an ocular model appears to have fortuitously provided us with an 

opportunity to begin to develop a model for studying dormancy of metastases 

of a mammary adenocarcinoma.

The present study was designed to determine whether ER harbor 

dormant viable metastatic carcinoma. In one experiment we examine the 

effect of formalinized tumor cells (FTC) on putative metastases in ER. It has 

been shown by others that soluble tumor extracts (STE) or FTC administered 

subcutaneously (SC) 2-4 days after excision of a small primary tumor can 

potentiate metastasis and suppress tumor-induced immune responses (62, 63, 

137, 138). In addition to studying the effect of FTC on metastasis shortly after 

enucleation, we examine the morphology and tumorigenic capability of 

putative dormant cells in ER 3 months after enucleation. The results of a 1-3 

year follow-up of untreated ER are also presented.

MATERIALS AND METHODS 

Maintenance of tumor

The 13762NF mammary adenocarcinoma, obtained from the Breast 

Cancer Task Force Animal and Human Tumor Bank (Mason Research 

Institute, Worester, MA) is maintained in our laboratory by SC implantation 

every 2 weeks of l-2mm3 tumor fragments into the flanks of 5-8 week old 

F344 viral-free females (Charles River Breeding Laboratories, Wilmington, 

MA). Tumor was free of murine viruses and mycoplasma, as analyzed by a



4 6

standard RAP test (Anmed, Biosafe Inc., Rockville, MD). Animals were fed 

Purina rodent chow and maintained and cared for according to National 

Institutes of Health guidelines on the care and use of laboratory animals. 

Preparation and examination of tumor implants

Iridial implants: The general procedure for preparing iridial implants 

has been described in detail previously (131). In the present study, female rats 

5-8 weeks old were anesthesized, the iris dilated, an incision made in the 

center of the cornea, and a 1.0 mm3 fragment of tumor placed on the iris 

immediately adjacent to the pupillary margin. In one protocol eyes were 

removed (enucleated) 10 days post-implantation and rats examined 3 months 

post-enucleation (3PE rats). In another protocol, tumor-filled eyes were 

removed and old enucleated rats (OER rats) examined when moribund. In 

either protocol animals with recurrent growth in the orbit were excluded 

from the experiment.

Floating implants: Implants placed in the anterior chamber of the eye 

are maintained for long periods of time, but do not grow significantly. The 

procedure for preparation is the same as for iridial implants except that tumor 

is placed in the anterior chamber of the eye and not upon the iris.

SC implants: To obtain SC implants or to transfer solid tissue

suspected of containing tumor, 1-2 mm3 fragments of tissue were injected 

ventrally SC into the third mammary gland using a 16-gauge trocar. 

Inoculation of cell suspensions from enucleated rats into irradiated and non­

irradiated hosts

Cell suspensions (CS) were prepared from organs previously shown to 

contain metastatic lesions in animals with unenucleated iridial implants.
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Accordingly, lung and heart cell suspensions were made from organs of 

healthy 3PE rats, or from moribund OER 14-33 months post-enucleation. Cell 

suspensions were inoculated into control, or sublethally irradiated (420RAD 

137Cs, one day prior to the experiment) 5-8 week old F344 females.

Preparation of cell suspensions

Cell suspensions were obtained by mincing the organs and passing the 

tissues through a 250 uM Nitex filter in 10 ml of a-minimum essential 

medium; (a-MEM; Gibco, Grand Island, NY), and centrifugation (1000 rpm, 5 

min). Pellets were resuspended in 0.5 ml of a-MEM. Hosts received 0.5 ml of 

a lung cell suspension (LCS) SC into the third mammary gland on the right 

side, and 0.5 ml of a heart cell suspension (HCS) into the third mammary 

gland on the left side.

Formalinized tumor cells

Formalinized tumor cells (FTC) were prepared as described by Ross, et 

al (116). Briefly, single cell suspensions of tumor were resuspended in 25 

volumes of formalin and left at room temperature for at least 12 hours. The 

cells were washed 3 times in saline and stored at 40C for up to 1 month. 

Separation of adherent cells from non-adherent

To obtain adherent and non-adherent populations of cells from lungs, 

cell suspensions were incubated for 2 hours in 5% C02. Non-adherent cells 

were washed off and adherent cells were gently removed by pipetting. Both 

cell populations were washed in 10% MEM and inoculated into sublethally 

irradiated hosts.

Examination of animals for metastatic lesions
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The internal organs of experimental and control animals were 

examined under the dissecting microscope at 6x. Organs containing 

metastatic lesions or nodules, and tissue from control animals, were fixed in 

Bouin’s fixative, processed, and embedded in paraffin. Tumor volume in the 

lung was determined using the calculation reported by others (151). 

Immunocv to chemi str v

Immuno-labeling of all specimens was perform ed utilizing the 

Avidin-Biotin-Chrom agen (ABC) m ethod from Vector Laboratories, 

Burlingame, CA. Incubation times for deparaffinized, rehydrated 4 urn 

sections were: 10 minutes in universal blocking agent, 1 hr in primary

antibody, 30 minutes in secondary (bridging) antibody, 1 hr with the 

peroxidase com plex, and 10 m inutes in 3,3' -diam inobenzidine 

tetrahydrochloride (Sigma Chem. Co., MO). Sections were counterstained in 

dilute hematoxylin, dehydrated, and mounted with non-aqueous mounting 

media. Anti- LCA, CEA, desmin, and myoglobin antibodies and 

chromogranin were obtained from Lipshaw, Detroit, MI, and polyclonal anti­

keratin antibody was purchased from Dako, Copenhagen, DK. Analysis of 

pathological and immunocytochemical data was done in blind fashion. 

RESULTS

Enhancement of metastasis in enucleated rats by FTC

In order to determine whether FTC could potentiate metastasis in 

enucleated rats, 9 ER were inoculated SC with 5x105 FTC 2 days after 

enucleation. To control for the effect of injecting ER with syngeneic 

formalinized cells, 5 ER received 5x105 formalinized liver cells (FLC) 2 days 

after enucleation. Additional control ER received no formalinized cells
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(N=18). All ER injected w ith FTC became m oribund 2-3 months after 

enucleation and were sacrificed and necropsied. Metastasis was seen in the 

lung (77%), kidney (55%), liver (33%), ovary (33%), body wall (22%), thymus 

(11%), and pericardium (11%), Table 1. This metastasis was very extensive, 

and exceeded that observed in any of our experiments to date with rats 

bearing unenucleated ocular tumors. All enucleated controls, and ER 

inoculated with FLC remained healthy and were sacrificed either 16, 80, or 96 

weeks after enucleation, necropsied, and found to be free of metastic disease. 

Examination of rats 3 months post-enucleation (3PE) for the presence of 

tumor cells

The object of this experiment was to examine the tumorigenicity and 

identity of putative tumor cells from organs containing visible nodules. The 

general protocol was to necropsy rats and examine the morphology and 

viability of tumor cells in 3PE organs. If an organ contained more than one 

visible nodule, a nodule was removed for light microscopic examination. 

Cell suspensions were then prepared from the rem ainder of organs 

containing nodules and injected into young sub-lethally irradiated hosts 

(SIR). SIR were chosen as hosts, as it was felt that the use of these immune- 

compromised animals might facilitate growth an d /o r metastasis of dormant 

tumor cells.

Accordingly, 10 healthy 3PE rats were sacrificed and necropsied. Six of 

these rats contained 1-3 pulm onary nodules approxim ately 0.5 mm in 

diameter. One of the 6 rats also contained an enlarged cervical lymph node, 

and a seventh rat contained a heart nodule. One nodule was removed from 

each of 3 lungs, along with a portion of the enlarged cervical lymph node, and
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processed for histological or immunocytochemical analysis. Cell suspensions 

were prepared from the remainder of these organs and from the lungs and 

hearts of the 3 ER lacking visible metastases, and inoculated into the 

mammary gland of SIR. The protocol followed, and a summary of pertinent 

results are summarized in Fig. 1.

Histological analysis revealed that 3 of the 4 ER specimens sampled 

contained carcinoma. The cervical lymph node contained readily identifiable 

adenocarcinoma (Fig. 2a). Analysis of lung nodules showed that in 1 rat, 

tum or cells w ere arranged  in small clusters, had  a m oderate 

nucleocytoplasmic ratio, and reacted positive for keratin (2+), Fig. 2b and 

positive for CEA. The specimen was diagnosed as undifferentiated 

carcinoma. A control section not treated with primary antibody is shown in 

Fig. 2c. In the lung of another 3PE, there was a small nodule containing 

approximately 50 cells w ith large nuclei, prom inent nucleoli, and an 

increased nucleocytoplasmic ratio. A few mitotic figures were present. The 

section was diagnosed as metastatic poorly differentiated carcinoma (Fig. 2d). 

Sections obtained from the same block for immunocytochemical reaction no 

longer contained the nodule. The lung parenchyma surrounding the 

nodules of undifferentiated carcinoma in the 3PE rats was congested. While 

the general architecture was preserved, there were areas with dilatation of 

alveolar spaces and blood vessel congestion.

In SIR inoculated with CS from 3PE, a palpable mass developed at the 

site that had been inoculated with lung or heart CS from animals whose 

lungs (N=6) or heart (N=l) had contained visible nodules. These rats became 

markedly cachetic and died 3-5 days after SC inoculation. Histological analysis
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of the SC masses showed that the masses resembled abscesses and contained 

areas that were very fibrous, Fig. 3a, as well as areas that were highly cellular, 

Fig. 3b. In some abscesses a necrotic center lined by fragm ented 

p o ly m o rp h o n u c le a r  le u k o cy te s  w as p re se n t. In  g en e ra l, 

immunocytochemistry for keratin and CEA did not disclose the presence of 

positive cells. However, in one mass a small, perfectly encapsulated nodule 

of neoplastic  cells w ith  num erous m itoses was presen t, Fig. 3c. 

Immunocytochemistry for keratin did not disclose the presence of positive 

cells. Lymphocytes and leukocytes intermingled with these cells. This mass 

was derived from the lung CS prepared from the lung that had contained the 

nodule shown in Fig. 2b.

The host that received a portion of the cervical lymph node shown in 

Fig. 2a did not become cachetic. A SC mass grew very slowly and first became 

palpable after 1 month. The animal became moribund and was sacrificed 3 

m onths after SC inoculation. The lung contained readily identifiable 

adenocarcinoma.

The three irradiated hosts that received CS from donors whose lungs 

and heart had not contained visible nodules remained healthy and did not 

develop SC masses or become cachetic.

In order to investiagate the cachexia further,lung cell suspensions from 

five 3PE rats were made and adherent and non-adherent cell populations 

were seperated as described previously. The adherent and non-adherent cells 

were injected to 5 SIR. Interestingly, non of these animals became cachexic or 

died. This observation suggests the necessecity of both adherent and non­

adherent for the cachexia phenomenon.
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Controls: Three SIR were inoculated with lung CS and heart CS from 

control rats and were sacrificed 7 months later. Eight SIR received lung and 

heart CS from sham-implanted and enucleated animals. Five were sacrificed 

after 3 months, and 3 were sacrificed after 14 months. All hosts receiving CS 

from control or sham-operated rats were healthy when sacrificed and were 

free of SC masses, tumor, or nodules. Three rats were sacrificed 3 weeks after 

receiving iridial im plants. Lungs from these animals contained small 

metastatic lessions. Lung cell suspensions were prepared and inoculated into 

3 SIR. Hosts did not become cachexic.

Because of the unusual finding of precipitous cachexia and morbidity 

in SIR inoculated with CS from 3PE lungs that had shown nodules, the above 

experim ent was repeated. In addition, in order to determ ine whether 

implantation of tumor in the eye of donor rats may have contributed to the 

cachexia and death in SIR hosts, an additional control group was added, 

consisting of rats that contained floating implants of the 13762NF tumor in 

the anterior chamber of the eye, with enucleation 10 days later. Accordingly, 

12 animals received iridial implants and enucleation, and 5 animals received 

floating implants and enucleation. Five animals were sham-implanted and 

enucleated. Three months after enucleation lung and heart CS from the 12 

iridial implanted animals were inoculated into SIR. Pulmonary nodules had 

been observed in 5/12 of these animals. Once again, all hosts receiving CS 

from organs containing visible nodules became cachetic and died within 3-5 

days. None of the SIR that received CS from sham-operated rats or from rats 

that had contained floating implants in the anterior chamber of the eye 

developed cachexia, or became moribund. These results confirm the finding
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that only lung or heart CS w ith visible nodules from 3PE cause precipitous 

cachexia and death in SIR, and further show that the presence of tumor in the 

anterior chamber is not responsible for the sequence of events associated with 

the cachexia-inducing capability of CS derived from ER organs.

Growth and metastasis of tum or cell suspensions in irradiated and non­

irradiated rats

The extensive metastasis seen in ER treated with FTC suggested that 

widespread microscopic deposits of tum or cells might be present throughout 

the lungs and other metastatic sites of ER. Thus, one possible explanation for 

the pronounced cachexia in irradiated hosts only 3-5 days after SC inoculation 

of cell suspensions from 3PE is that very high concentrations of tumor cells 

present in donor organs m ight induce cachexia w hen inoculated into 

irradiated hosts. In order to assess the effect of varying concentrations of 

13762NF tumor cells on young irradiated hosts, irradiated and non-irradiated 

hosts were inoculated SC with either 5x104, 5x106, or 5x108 tumor cells. After 

inoculation, SC masses were measured on a weekly basis for 4 weeks. At the 

end of 4 weeks all rats were sacrificed, and the mean volume of pulmonary 

metastases determined.

Analysis of the growth of the SC tumors revealed that the size of the 

primary tumor was unaffected by prior irradiation of the host. At the end of 4 

weeks, none of the hosts showed signs of cachexia. Analysis of the mean 

volume of tumor in the lung and of the incidence of metastasis to the axillary 

lymph nodes showed that there was a significant increase in the incidence of 

lymph node metastasis in SIR following inoculation with 5x106 tumor cells, 

and an increase in the extent of pulmonary metastasis in irradiated hosts
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receiving 5x106 or 5x108 tumor cells when compared with results obtained 

using non-irradiated hosts, Table 2.

Long-term follow-up of old enucleated rats COER) for evidence of tumor 

dormancy

Thirteen OER were maintained for prolonged periods of time. T en /13 

OER became moribund or died 14-33 months post-enucleation, and 3 were 

apparently healthy when sacrificed 30 months after enucleation. All OER 

were necropsied and tissue suspected of containing tumor cells was passaged 

in young hosts. As it was not always possible to obtain SIR when an OER 

died, control non-irradiated hosts were also used. In general, the availability 

of hosts at the time of unexpected morbidity or death of an OER, and the 

number and size of nodules found upon necropsy, dictated that sample size 

and nature of the host population.

The first OER became moribund 14 months after enucleation. A SC 

mass was present in the flank, and a few small nodules less than 1 mm 

diameter were seen in the lung, Table 3. Solid fragments of tissue from the 

mass were passaged SC in 5 non-irradiated hosts. After a lag of 10-12 months, 

tumor grew SC and metastasized to the lung in all hosts, Table 4. A sample 

pulmonary nodule consisted of a circumscribed nodular mass made up of 

poorly differentiated neoplastic cells and was diagnosed as metastatic 

adenocarcinoma, Fig. 4a.

OER 2 became moribund 19 months post-enucleation, and a few small 

nodules were present in the lung and liver, Table 2. Extensive necropsy of 

the brain and other internal organs failed to reveal any primary carcinoma. 

Solid fragments of lung nodules were inoculated SC into 2 non-irradiated
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hosts. The hosts became moribund 4 and 9 months later. Tumor had grown 

SC (2/2) and metastasized to the lung (2/2), ovary (1/2), kidney (1/2), and 

lym ph node (2/2), Table 4. Analysis of sections from the lung showed 

alveolar septa that were thickened and infiltrated by medium size cells with 

oval or slightly convoluted nuclei, and moderate amounts of clear cytoplasm 

which reacted positively with keratin and CEA, Fig. 4d-e. The tum or was 

diagnosed as adenocarcinoma. Additionally, OER 2 had contained tumor in 

the atrium of the heart. A non-irradiated host received fragments from this 

tumor. The host became moribund 3 months later. Tumor had grown SC 

and m etastasized to the lung and lym ph node, Table 4. The SC mass 

contained m edium-sized cells with small round or oval nuclei and scanty 

cytoplasm. Immunocytochemical reaction for LCA was positive and negative 

for keratin. The diagnosis was compatible with lymphoma. Combined, these 

results show that OER 2 had a few small pulmonary nodules of metastatic 

adenocarcinoma and lymphoma.

A third OER developed a large mass in the axilla 24 months after 

enucleation, and a few small nodules were seen in the lung, Table 2. The 

axillary tum or was observed histologically to be a well differentiated 

fibroadenoma. Extensive necropsy revealed no other tumor. Fragments of 

the axillary mass were passaged SC in one non-irradiated host and in one 

irradiated host and no SC masses appeared, Table 4. Lung and heart CS from 

OER 3 were passaged in one non-irradiated and one irradiated host. The non- 

irradiated host receiving these CS was sacrificed after one year w ith no 

evidence of any tumor. The irradiated host that received CS died after 4.5 

months with a SC mass in the region that had been inoculated with lung CS
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and poorly differentiated adenocarcinoma was present in the lung, Fig. 4b. 

Thus, OER 3 had metastatic adenocarcinoma in the lung and spontaneous 

fibroadenoma.

Of the 10 rem aining OER that became m oribund or died after 

enucleation, 4 contained tumors. These tumors included angioleiomyoma of 

the uterus in a 26 month old rat, rhabdomyosarcoma (large and small cells of 

the tumor were positive for myoglobin and desmin) in a 33 month old rat, 

and fibroadenoma in a 17 and a 33 month old animal. Eleven age-matched 

control animals were housed for 2.5 to 3 years in our animal facility. One 

developed lymphoma and 2 had fibroadenoma.

DISCUSSION

Using a syngeneic mammary tumor of low immunogenicity in mice, 

Klein, et al (62) concluded that tumor plasma cell membranes or the products 

released by them play an important role in the growth of dormant metastases. 

Soluble tumor extracts or FTC administered SC 2-4 days after excision of a 

small primary tumor potentiated metastasis and suppressed tumor-induced 

responses (62, 63, 137, 138). In our experiments, enucleated rats challenged 

with FTC developed extensive pulmonary and extrapulmonary metastases. 

The pattern of metastasis in FTC challenged animals was similar to that seen 

in moribund rats with intact iridial implants (131), except for the additional 

presence of metastases in the ovary and thymus gland in FTC treated animals. 

It is important to note that even rats inoculated IV with 13762NF tumor cells 

fail to develop widespread extrapulmonary metastases despite the presence of 

extremely heavy tumor burdens in the lung. The pattern of metastasis in 

FTC-treated ER dem onstrates tha t 13762NF tum or cells capable of
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colonization are w idely distributed through the body of these rats. The 

potentiation of metastasis in ER by FTC may result from an FTC-induced 

suppression of tumor imm unity (62). The failure of FLC to affect metastasis 

in the ER supports the general hypothesis (63) that specific tum or antigens 

may be required for this potentiation. In prelim inary experiments we have 

found that FTC are capable of affecting splenic macrophage cytostatic activity 

in ER. We are currently examining the effect of FTC on the immune system 

in the ER model.

O ur morphological analysis of nodules a n d /o r  presum ptive tumor in 

3PE enable us to definitively identify carcinoma or adenocarcinoma in 75% of 

the tissues sampled. While it would have been desirable to obtain specimens 

for immunocytochemistry from all organs w ith nodules, a major aim of this 

experim ent was to determ ine w hether viable tum or cells were present in 

select organs from enucleated rats, and it was considered im portant that the 

CS inoculated into hosts contain cells from at least one macroscopically 

identifiable n o d u le /donor organ. Consequently, a nodule could only be 

spared from the lungs of 3 rats, and a portion of a cervical lymph node from a 

fourth animal. Interestingly, the varying morphology of tum or cells present 

in dorm ant nodules from the tissues analyzed indicates a heterogeneity in 

phenotype Fig. 2.

In our physiological experim ents involving the inoculation of cell 

suspensions from 3PE tissues suspected of harboring dorm ant nodules or 

tum or into SIR, we had anticipated that dorm ant tum or cells m ight slowly 

grow and metastasize. Unfortunately, the rapid onset of m orbidity and death 

in the SIR host did not allow us to adequately test this hypothesis. Only the
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SIR inoculated with cells from a portion of a cervical lymph node failed to 

develop cachexia and adenocarcinoma grew and metastasized in this host. 

Neoplastic cells were also identified within one abscess present in a SIR that 

had received LCS from another donor ER (Fig. 3d). The neoplastic cells did 

not react with anti-keratin antibody, and definitive identification of this mass 

could not be made. The highly cellular regions from other abscesses also 

failed to react w ith keratin. Lack of reactivity with antibody should be 

interpreted with caution, however, especially in the case of the 13762 tumor. 

Using a panel of antibodies against keratin, it has been shown by others (75) 

tha t various lines and clones of 13762NF differ qualitatively  and 

quantitatively in the expression of cytokeratin and that expression also 

depends upon the environment.

The unusual development of rapid cachexia and death in SIR hosts 

inoculated with CS from 3PE is interesting and at present inexplicable. Only 

SIR inoculated xvith lung and heart CS prepared from tissues containing 

visible nodules became cachexic. SIR inoculated with tumor cells along or 

with lung and heart CS from controls did not develop precipitous cachexia. It 

is currently our hypothesis that immune effector cells combined with 

cytokines an d /o r  tum or cells from 3PE donor organs, combine to elicit 

reactions resulting in cachexia and death. This hypothesis is consistent with 

the observations of an inflammatory response in the parenchyma of the lung 

surrounding the nodules examined histologically. It is interesting to note 

that in a model for dormancy of a murine lymphoma, adherent and non­

adherent peritoneal exudate cells, PGE2, MuTNF, and Mug-INF appear to be 

capable of interacting to maintain dormancy. In this model ongoing immune
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responses balanced by immunosuppressive mechanisms appear to enable 

viable tumor cells to live for prolonged periods of time in mice harboring 

dormant tumor (78, 129, 130). The data in Table 2 of the present study 

suggests the involvement of T-cells in the host response to 13762NF since 

there is a significant increase in the volume of metastasis in SIR than normal 

rats.. We have preliminary data suggesting an involvement of macrophages 

as well.

The results obtained in the long-term follow-up of enucleated rats 

demonstrate that 23% of the OER harbored viable metastatic adenocarcinoma, 

and in 2 of these animals no primary carcinoma was present. It is possible 

that the SC flank tumor seen in OER 1 was spontaneous adenocarcinoma and 

that the nodules seen in the lung were metastases derived from this tumor; 

however, in a study of 1754 aging female Fischer 344 rats, the incidence of 

mammary adenocarcinoma was 2.2% and these tumors were rarely metastatic 

(126). In view of these statistics and of the similarity in size and number of 

the pulmonary nodules seen in OER 1 with those seen in 3PE and OER's 2 

and 3, it seems likely that the tumor present in this rat originated from 

13762NF.

It is interesting to note that in 3PE and OER, overt metastatic disease 

has not been observed to occur. Furthermore, the incidence of pulmonary 

nodules present in ER would seem to slowly decrease with time (from a 42% - 

70% incidence in 3PE, to a 23% incidence in the OER). This may suggest that 

ongoing immune or host defense mechanisms present in the ER may act to 

maintain or slowly eliminate small metastatic deposits.
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In summary, the data from experiments on FTC-treated ER and on ER 

3 months and 1-3 years after enucleation, collectively support the hypothesis 

that dormant metastatic viable tumor cells are present in enucleated rats. We 

are currently investigating immunological mechanisms that may act to 

restrain or prevent growth of metastatic tumor in the ER. Considering the 

suitability of the 13762NF tumor in the syngeneic Fischer 344 rat as a model 

for hum an breast cancer, it would be important to develop a model for 

dormancy of this tumor. Development of such a model could increase our 

understanding of the phenomenon of dormancy and lead to experiments that 

could increase our ability to design therapeutic strategies for dealing with the 

problem of dormancy seen clinically.
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Fig. 1. Row chart summarizing the protocol and results obtained in examining dormant 

tumor nodules in 3PE rats.

Fig. 2. Light microscopic examination of tumor from 3 PE rats. 2a is adenocarcinoma 

from a cervical lymph node, 43SX. 2b is a pulmonary nodule diagnosed as poorly 

differentiated carcinoma, showing positive staining with anti-keratin antibody, 480X. 2c 

is a negative control from an adjacent area that did not receive primary antibody, 480X. 

2d is a pulmonary nodule containing a small cluster of cells (arrows) diagnosed as poorly 

differentiated carcinoma, 435X.

Fig. 3. Micrographs from SC masses that developed in SIR’s inoculated with CS from 

3PE rats. 3a and 3b are typical areas seen in all abscesses: 3a is from a fibrous region, 

43SX, and 3b from a cellular region, 435X. 3c and 3d are from a mass containing 

encapasulated undifferentiated neoplastic cells, 270X and 43SX, respectively.

Fig, .4. 4a is anodule containing a circumscribed mass of poorly differentiated metastatic 

adenocarcinoma in the lung of a host inoculated with fragments of an SC mass from 

OER1, 21 OX. 4b poorly differentiated adenocarcinoma in the lung of a SIR host 

inoculated with CS from the lungs of OER3, 270X. 4c-e are from section of a lung 

nodule diagnosed as metastatic adenocarcinoma from OER2. 4c is a negative control for 

immunocytochemistry in an adjacent area of the specimen not treated with primary 

antibody, 480X. 4d, cells reacting positively with anti-CEA antibody, 4e, cells reacting 

positively with anti-keratin antibody were medium sized and contained slightly 

convoluted nuclei and moderate amounts of clear cytoplasm, 480X 4d, adenocarcinoma 

from adjacent section.
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Fig. 1. Flow chort showing the experimental protocol for examining 
dormant tumor cells In 3PE rots.
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TobleM. Potentiation of metastasis in enucleated ra ts  treated with formalinized tumor cells.I

Treatment Group Mean Survival Time Organs Containing Extensive Metostases
Lung Liver Kidney Ovary Body wail Pericardium Thymus

Enucleated. FTC0 7 weeks 7 /9 3 /9 5 /9 3 /9 2 /9 1/9 1/9
Enucleated. FLC^ 96 weeks c 0 /5 0 /5 0 /5 0 /5 0 /5 0 /5 0 /5
Enucleated 16 weeks c 0 /8 0 /8 0 /8 0 /8 0 /8 0 /8 0 /8
Enucleated 80 weeks c 0 /10 0/10 0 /10 0/10 0/10 0/10 0 /10
Normal** 12 weeks c 0 /6 0 /6 0 /6 0 /6 0 /6 0 /6 0 /6

0 ™ Enucleated ra ts  received 5 x 105 formollnized tumor cells
k b  Enucleated rats received 5 x 10 ® formalinized liver cells
c -  Healthy rots were sacrificed
** *■ Rats received 5 x 10® formalinized tumor cells



tobte 2. Metastasis of cell suspensions of the 13762NF tumor in Irradiated and non-Irradiated hosts.

Cell suspension Group size Percentage of rots with m etastases Volume of pulmonary metostoses (mm)**

Irred. non-rlrrgd. 
5 * 104 7 8

5 x 10® 6 6

5 x 108 7 6

irrad. non-lrrad. Irrad.
100% lung 100% lung 39.88 + 55.77
43% l.node 13% l.node

100% lung 100% lung 218.8 + 182.0
100% l.node 0% l.node

100* lung 100% lung 86.73 + 52.77
100% l.node 83% l.node

* ■ Statistically significant at P < 0.01 when, compared with
volume of metostoses in Irradiated hosts

non-lrrad.
2.47 + 2.11

7.2 + 5.06*

20.39 + 11.52*



ToMe 3. The formation of nodules end lorge masses In OER 1-3 

Survival Time
Rot (months post-enucleotion) Presence of nodules Presence of o lorge growth

Lung Liver Sc Heart Mammary gland
1 14 + +°

2 19 +a + -  +<*

3 24 +b*c -  -  -  +*>.c

°  « Tumor or nodules passaged In normal hosts 
b •  Ceil suspension passaged in normal hosts 
c * Cell suspensions passaged in Irradiated hosts



Tobto 4. Growth and metastasis of tissues from OER In irradiated and non-frrodtaled Hosts

Tissue passaged Incidence of Mean survivol for host
Donor OER from OER Growth of sc primary Presence of metostose (months)

• Lung Kidney Heart Lnode

10 sc tumor 5 /5 5 /5 0 /5 0 /5 0 /5 12
2° lung nodules 2 /2 2 /2 1/2 1/2 2 /2 6.5
2° mass from heart 1/1 1/1 0/1 o/i 1/1 3
3b lung ft heart o/i o/i 0/1 0/1 0/1 14d
3b oxIKory tumor 0/1 0/1 0/1 o/i 0/1 14d
3C lung ft heart o/i 1/1 o/i 0/1 0/1 4.5
36 axillary tumor o/i o/i o/i o/i o/i 14d

CONTROLS 
Normal rotb lung ft heart 0 /3 0 /3 0 /3 0 /3 0 /3 7*1
Sham operated6 lung ft heart 0 /3 0 /3 0 /3 0 /3 0 /3 14d
Sham operated6 lung ft heart 0 /5 0 /5 0 /5 0 /5 0 /5 3d

0 ■ Tumor or nodules passaged in nan-irradiated hosts
b ■ Cell suspensions passaged in non-irrodiated hosts
c -  Cell suspensions passaged In irrodlated hosts
d *  Healthy animals sacrificed and necropsied
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Chapter 3

The Effect of LS2616 on Growth and Metastasis of a Rat Mammary 

Adenocarcinoma
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ABSTRACT

Linomide (LS2616) is a carboxamide quinoline immunomodulator 

capable of modulating natural killer cell activity, macrophage function, and T 

lymphocyte responses. In earlier work Linomide was shown to be effective in 

treating murine melanoma. In the present study we examine the effect of 

Linom ide on grow th and m etastasis of a syngeneic m am m ary 

adenocarcinoma (13762NF) in rats given subcutaneous (SC) or intracameral 

(IC) tum or im plants, or intravenous (IV) inoculation of tum or cell 

suspensions. Linomide was administered continuously in drinking water at 

a low dose (LD, 15 mg/kg) or high dose (HD, 60 m g/kg) beginning either one 

week before (pre-treatment) or two weeks after (post-treatment) tumor 

challenge. When tumor was implanted SC, all treatment protocols resulted 

in a significant decrease in tumor size. However, only post-treatment with 

drug resulted in partial or complete regression of primary tumors and in 

apparent cures. Post-treatment with LD drug resulted in partial regression 

(30%; 3/10), complete regression (20%; 2/10), and one apparent cure, while 

post-treatment with HD drug resulted in partial regression (36%; 4/11), 

complete regression (9%; 1/11) and one apparent cure. Post-treatment had 

little or no effect on metastasis, but pre-treatment with HD drug significantly 

increased pulmonary metastasis. In rats with ocular tumors, a beneficial 

affect of Linomide on metastasis was observed. Administration of drug to 

rats with well established ocular tumors resulted in a significant decrease in 

the incidence of metastasis to the kidney, rib cage, and lymph node. Post­

treatment with drug also resulted in a statistically significant decrease in the 

extent of pulmonary metastasis. In an experimental metastasis assay a clear
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effect of drug on pulm onary metastasis could not be demonstrated. 

Collectively, our work demonstrates that Linomide can effectively inhibit 

tum or grow th, cause tum or regression, decrease pulm onary and 

extrapulmonary metastasis, and affect apparent cures when administered to 

rats with well established mammary adenocarcinoma. The specific effect of 

treatment with Linomide depends upon the time of initiation of treatment 

and the location of the primary tumor.

INTRODUCTION

L inom ide (LS2616), a qu ino line 3 carboxim ide, is an 

immunomodulator that can be effectively administered in drinking water 

and has little or no toxic side effects. Linomide has been shown to be effective 

in treating murine melanoma (43-45, 55). Kalland demonstrated that drug 

treatment decreased growth and metastasis of cultured B16F10 melanoma 

cells and showed that antitumor activity was mediated by NK cells and non- 

NK cell host defense mechanisms. We demonstrated the effectiveness of 

linomide in decreasing metastasis from intracameral (IC) and subcutaneous 

(SC) tumors derived from highly metastatic in vivo passaged B16F10 

melanoma and also showed the importance of NK (natural killer) cell 

modulation in this system (43-45). Linomide has been shown to enhance NK 

cell activity and proliferative T-cell responses and to increase the MHC class 

11 expression in areas of inflammation (56, 72,127). More recently it has been 

shown that Linomide is capable of increasing bone marrow NK progenitor 

cells (57). Linomide is currently being used in clinical trials with melanoma 

patients in Sweden.
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Little or no information is available concerning the possible usefulness 

of Linomide in controlling growth or metastasis of carcinomas. The 13762NF 

tum or is a h igh ly  aggressive tran sp lan tab le  syngeneic m am m ary 

adenocarcinoma of low imm unogenedty (7, 9 ,1 6 ,8 9 , 102,151) and is useful as 

a model for studying hum an breast cancer. We have previously shown that 

in rats w ith SC tumors, metastasis is predominantly to the lungs and lymph 

node, whereas in rats w ith IC tum ors frequent metastasis is observed to 

additional organs including the rib cage, heart, kidney, and liver (131).

In the present paper we examine the effect of Linomide on tum or 

growth and metastasis in animals bearing intact SC or IC tumors and in hosts 

inoculated intravenously (IV) w ith a tum or cell suspension and demonstrate 

the ability of this d rug  to control growth and metastasis of an aggressive 

mam m ary adenocarcinoma 

MATERIALS AND METHODS 

A nim als

Five to seven week old F344 rats were obtained from The Frederick 

Cancer Research Center, m aintained according to the recom m endations 

outlined by the National Research Counsel and housed in a pathogen free 

facility. Routine serology (Charles Rivers Lab, MA) confirmed the absence of 

indigenous rat viruses.

Tumor Maintenance & Administration

M aintenance: The 13762NF m am m ary  adenocarc inom a w as 

maintained in  vivo by serial SC implantation every 2 to 3 weeks of 1-2 mm3 

fragments of tum or into 5 to 7 week old F344 female rats. Tumor was free of
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mycoplasma and of indigenous rat viruses when assessed in a standard RAP 

test (Anmed Biosafe, Inc., MD).

SC implants: A 1 mm3 fragment of tumor was inoculated SC in the 

region of the third mammary gland using a 16-gauge trocar. SC tumors were 

palpated weekly and the length and width measured with the use of a fine 

caliper.

IC implants: The procedure for obtaining IC im plants has been

described previously (131). Briefly, 5 to 7 week old rats were anesthetized with 

Nembutal, the iris dilated using mydriacyl, an incision made in the center of 

the cornea, and a 0.5 to 1.0 mm3 fragment of tumor placed on the iris 

immediately adjacent to the pupillary margin.

Experimental metastasis

Animals were inoculated in the tail vein with 5 x 104 tumor cell 

Tumor cell suspensions

In vivo passaged tumor was minced and then trypsinized (0.25% 

trypsin in DMEM) at room temperature for 5 minutes. Cell suspensions were 

passed through a nitex filter (150), washed 3x in DMEM (1000 rpm for 10 

minutes) and counted in a hemocytometer. Viability was assessed using the 

trypan blue exclusion technique and was routinely greater than 95%.

Drug Treatment

Linomide, provided by Dr. T. Stalhandske (Pharmacia, AB Leo, 

Helsingborg, Sweden) was administered in drinking water. In preliminary 

experiments rats were given 15, 60, 120, or 160 m g/kg  Linomide in drinking 

water. Daily water consumption was inhibited in rats given 120 or 160 mg/kg. 

Accordingly, 15 and 60 m g/kg referred to as a low dose (LD), or high dose
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(HD), respectively, were used in the present study. Drug treatment began 

either one week prior to tumor implantation or inoculation or 2 weeks after 

administration of tumor and continued for the duration of the experiment. 

Examination of rats for metastatic lesions

A nim als w ere sacrificed w hen m oribund and  in ternal organs 

examined under the dissecting microscope at 6x.

Survival time

Survival tim e w as calculated as the num ber of days between 

adm inistration of tum or and m orbidity or from the tim e of tum or 

administration to the time that apparently healthy animals were sacrificed. 

Survival data is presented as median survival time.

Statistical analysis

Analysis of statistical differences between mean lung weights was 

performed using Duncans's M ultiple Range Test. Median survival times 

were compared using the Mann Whitney U test, and statistical analysis of the 

incidence of metastasis was performed using Fischer's exact test.

RESULTS

The effect of Linomide on growth and metastasis of SC tumors

In order to examine the efficacy of Linomide in controlling growth and 

metastasis of SC tumors, panels of rats received drinking water only, or a HD 

or LD of drug beginning prior to or after tumor implantation. Primary tumor 

growth was measured weekly for 5 weeks, and animals were sacrificed and 

necropsied when moribund.

In animals pre-treated with Linomide, tumor grew progressively. Rats 

receiving drug had a significantly lower geometric mean tum or diameter
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during weeks 2 through 5 than controls, Fig. la. Drug treatment appeared to 

predominantly affect initial tumor growth; LD (N =ll) and HD (N=12) were 

equally effective. All controls (N=7) and experimental rats became moribund 

or died and the median survival time was 42 (controls), 48.5 (LD), and 54 (HD) 

days. Extensive metastasis to the lungs was observed in all groups and was 

significantly greater in animals receiving pre-treatment with HD drug than in 

untreated tumor bearing rats (Fig. 2). The incidence of extrapulmonary 

metastasis to lymph node and kidney was similar in all groups, Table I.

When adm inistration of drug was initiated two weeks after tumor 

implantation, well established tumors were already present. Nonetheless, 

significant differences in geometric mean tumor diameter at weeks 3, 4, and 5 

were seen between controls (N=7), and rats post-treated either with a LD 

(N=10) or a HD (N =ll) of drug, Fig. lb . In addition, partial and complete 

regression of primary tumor was observed. Partial regression occurred in 30% 

(3/10) of the rats receiving a LD, and in 36% (4/11) of the rats receiving a HD 

of drug, Table II. Complete tumor regression was observed in 20% (2/10) of 

the rats receiving LD drug and in 9% (1/11) of the rats on HD drug. In one rat 

receiving LD drug, primary tumor appeared to be eradicated for 10 weeks and 

then recurrent growth occurred. The remaining 2 rats w ith complete 

regression of primary tumor were healthy and showed no evidence of tumor 

or metastasis when sacrificed 20 weeks after implantation. The survival of 

experimental and control rats is depicted in Table I. The median survival 

time for rats post-treated with LD and HD of linomide was 53 and 51 days 

respectively. All moribund rats contained primary tumors. No significant
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differences in metastasis were observed between experimental and control 

rats, Table I and Fig. 2.

The effect of Linomide on metastasis of IC tumors

In order to examine the effect of Linomide on metastasis of ocular 

tumors, animals were given either a LD or HD of drug beginning one week 

before or 2 weeks after tum or implantation. Control animals received 

drinking water only. All rats possessed prim ary tumors and became 

moribund. Pre-treatment with Linomide had no effect on the incidence of 

pulm onary metastasis bu t decreased the incidence of extrapulm onary 

metastasis. However, this was not statistically significant at P < 0.05, (Table II). 

Post-treatm ent w ith drug resulted in a non-significant decrease in the 

incidence of metastasis to the lungs. Pulmonary metastasis was observed in 

81% of the rats receiving LD drug and 62% of the rats receiving HD drug. 

Animals lacking pulmonary metastasis also did not show extrapulmonary 

metastasis. Post-treatment with LD drug caused a significant decrease in the 

incidence of extrapulmonary metastasis to the lymph node, kidney, and rib 

cage (P < 0.05), and post-treatment with HD drug caused a significant decrease 

in the incidence of metastasis to the kidney and rib cage (P< 0.02), and resulted 

in a significant decrease in tum or burden in the lungs, Table II, Fig. 3. 

Linomide treatm ent did not affect survival, Table II. Although post­

treatment with HD drug appeared to completely inhibit metastasis in 38% of 

the rats, animals still contained primary tumors and median survival time 

was not affected.

The effect of Linomide on experimental metastasis
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In order to examine the effect of Linomide on metastasis in an 

experimental metastasis assay, rats received a LD or HD of drug before or after 

IV inoculation of 5x10^ tumor cells. Control rats received tumor but no drug. 

All rats became m oribund and were sacrificed 4 weeks after tum or cell 

inoculation and had extensive pulm onary metastasis. A low incidence of 

extrapulmonary metastasis was seen in animals receiving no drug (rib cage, 

11%) and in rats pre-treated with the drug. Nonetheless, treatment with 

Linomide did not significantly affect the incidence or extend of pulmonary 

metastasis, or the incidence of extrapulmonary metastasis and no difference 

was seen in mean survival time (Table HI, Fig. 4.).

DISCUSSION

While considerable progress has been m ade in the treatm ent of 

lymphomas and leukemias, the development of effective therapy for most 

solid tumors (lung, colon, breast, pancreas, and melanoma) has not met with 

commensurate success (NIH guide, 1990). Modest progress has been made 

w ith techniques designed to m odify or boost host natural defense 

mechanisms an d /o r  immune responses utilizing lymphokines, cytokines, 

and immunomodulators.

Experiments utilizing immunomodulators have focused on the use of 

bacterial extracts and products, low doses of cyclophosphamide, or synthetic 

compounds like muramyl di- and tri-peptides and levamisole (LMS) (7, 107, 

69, 18, 19, 29, 31). LMS has proved effective either alone or in combined 

therapy in animals and in humans with colon cancer (73, 121, 53, 158, 47). 

However, several experimental and clinical studies have found LMS to be
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ineffective or even counterproductive against some carcinomas and 

melanomas (107, 30, 6, 4).

Linomide is a novel immunomodulator capable of enhancing natural 

killer cell production, macrophage function, and proliferative T-cell 

responses (55, 57, 72,127). Its potential usefulness in cancer therapy has been 

demonstrated with murine melanoma. Using in vitro passaged B16F10 

melanoma cells, Kalland has shown that Linomide (160 m g/kg) decreased 

tumorigenicity and pulmonary metastasis (55). Using the same dose of drug 

and the more aggressive in vivo passaged B16F10 line, we found little or no 

effect of this drug on tumor growth. However, administration of Linomide 

prior to inoculation of tumor cells IC or SC resulted in a decrease in 

pulmonary metastasis (43-45). In both melanoma studies, the importance of 

the natural killer (NK) cell was demonstrated.

In view of the effects of Linomide on growth and metastasis of murine 

melanoma and of encouraging preliminary data obtained from clinical trials 

with melanoma patients in Sweden (personal communication, Dr. T. 

Stalhandske), we chose to examine the effectiveness of Linomide against an 

aggressively metastastic mammary adenocarcinoma. In these experiments we 

found that doses comparable to those used in mice inhibited water 

consumption, while 15 and 60 m g/kg were well tolerated. These lower doses 

were therefore examined for prophylactic and therapeutic anti-tumor activity 

using both ocular and extraocular tumor implants and an experimental 

metastasis assay.

The anterior chamber of the eye is an immune privileged site, and 

others have shown that foreign antigens as well as syngeneic or allogeneic
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tum ors placed in this location result in a phenom enon called anterior 

chamber associated immune deviation (ACAID). ACAID is characterized by a 

suppression of delayed type hypersensitivity (DTH), a normal or slightly 

elevated hum oral response, and the appearance of prim ed but inactive 

cytotoxic T-cell precursors (94, 96, 98, 99). Thus, we anticipated that a 

comparison of treatment with Linomide in rats harboring primary tumors in 

IC or SC compartments might afford a unique opportunity to examine the 

effect of im m unom odulation under conditions where tumor may evoke 

different immune responses from the host. In addition, since we had already 

demonstrated a more varied pattern of metastasis from IC tumors, the use of 

animals with ocular implants would enable us to test the effectiveness of 

Linomide in controlling extrapulmonary metastasis.

In animals w ith SC tumors, pretreatm ent w ith drug significantly 

decreased tumor growth, but HD drug appeared to potentiate pulmonary 

metastasis. In contrast, when Linomide was administered to rats with well 

established SC tumors a decrease in tumor growth, partial or complete tumor 

regression, and apparent cures were observed.

In our IC experiments, prim ary tum ors in animals treated with 

Linomide were approximately half the size of tumors in the no-treatment 

groups, but weekly measurements were not obtained. It seems likely that 

here too, growth of primary tumor was inhibited by Linomide. In contrast to 

the results obtained w ith SC and IV inoculation of tum or, Linomide 

significantly inhibited metastasis when applied in a therapeutic regimen to 

animals with established ocular tumors (Table II, Fig. 3). In fact despite the 

presence of primary tumors, 26% of the rats receiving post-treatment (2 /1 1
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LD and 3 /8  HD ) showed no incidence of metastatic disease and statistically 

significant decreases were seen in the extent of pulmonary metastasis ( HD ) 

and in the incidence of extrapulmonary metastasis ( LD + HD ).

Our experiments utilizing IV inoculations of tum or cell suspensions 

show that treatment with Linomide had little or no effect on metastasis or 

survival. In contrast Kalland found that Linomide inhibited metastasis of SC 

and of IV injected B16F10 melanoma in mice (55). In this mouse system NK 

modulation appeared to play a major role. We have found that SC and IV 

inoculation of 13762 does not significantly affect NK activity, and Linomide 

treatment does not significantly boost NK activity above normal levels in 

tumor bearing animals (117). Consistent with our findings of a differential 

effect of Linomide treatment in rats receiving SC and IV tumor, is data 

obtained by Aslakson & Starkey (5) demonstrating a differential effect of 

imm unomodulation on spontaneous and experimental metastasis. These 

investigators found that Levamisole decreased spontaneous metastasis 

following SC inoculation of tumor cells but increased metastasis following IV 

tum or inoculation.

In summary, the present study demonstrates that Linomide is capable 

of affecting primary tumor growth as well as pulmonary and extrapulmonary 

metastasis of an aggressive mammary adenocarcinoma in rats. In animals 

with prim ary tumors drug treatment is more effective when given after 

tumor inoculation than when administered prior to the presentation of the 

tumor, in addition our results suggest that the specific therapeutic efficacy of 

treatment with this immunopotentiator may depend upon the location of the 

primary tumor and /o r the immune status of the tumor bearing host and on



82

the dose and time of drug administration. In a subsequent paper, we describe 

the effects of Linomide on the immune system of tumor bearing animals and 

attempt to correlate the in vivo responses presented here, with an in vitro 

analysis of cellular host immune/defense responses.



TABLE I: The effect of Linomide on meuiiasii and survival in rats with SC 
turnon.

Treatmeet
Lung L.N Kidney

No treatment, NT IOO%(8/8) 62% (5/8) l2% (l/8 )

Pre-treatment, LD IOO%(8/8) 37%(3/8) 3 7 * (3 /8 )

Pre-treatment, HD IOOft<7/7) 42% (3/7) l4% (l/7 )

Post-treatment, LD 87«(7/8) 25%(2/8) 0%(0/8)

Posi-ireatment, HD 83«(5/6) 33%(2/6) 0%(0/6)

LD» Low dose of Linomide. 
HD> High dose of Linomide.

Incidence .o f  a jp irc n i.c u re i

0/8
0/8

0 /7

1/8

1/6

Median survival time, in d tvs

42

48.5

54

53

SI



Table II: The effect o f Linomide on metastasis and survival in rats with 1C 
tumors.

T reatm ent Incidence of. metastasis in internal ortans
Lung L.N P ericard ium

No treatment, NT !00% (I0/I0) 7096(7/10) 1096(1/10)

Pre-treatment, LD 10096(9/9) 66% (6 /9 ) 0% (0/9)

Pre-treatment, HD 10096(8/8) 6396(5/8) 0% (0/8)

Post-treatment, LD 8196(9/11) 2796(3/11) 0% (O/l 1)

Post-treatment, HD 62%(5/8) 3896(3/8) 0% (0/8)

LD* low dote of Linomide.
HD* High dote of Linomide.
I* Significantly different from control, 0.02
2> Significantly different from control, P$ 0.05

Median survival time in davs
.K idney 

50% (5 /10 ) 

22% (2 /9 ) 

l2 .5 % (1 /8 ) 

9 % ( l/ l l ) i  

0%(0/8)1

Rib cage 

50% (5 /10) 

l l % ( l / 9 )  

12.5% <l/8) 

996(1/11)1 

096(0/8)1

D iaphragm  

4 0 % (4 /l0 )  

1196(1/9) 

25% (2 /8 ) 

996(1/11) 

096(0/8)*

47.5 

4 9  

47  

47

46.5

00«(>



Table III: Incidence of metastasis in rats given intravenous tumor and treated with 
Linomide.

T reatm ent  Incidence of metastasis to internal organs
Lung Kidney Rib cage

No treatment, NT 100% (9/9) 0%(0/9) 1 l% ( l/9 )

Pre-treatment, LD 100% (9/9) 22% (2/9) 1 l% ( l/9 )

Pret-reatment, HD 100% (8/8) 25% (2/8) 0%(0/8)

Post-treatment, LD 100% (7/7) 0%(0/7) 0%(0/7)

Post-treatment, HD 100% (6/6) 0%(0/6) 0%(0/6)

LD= Low dose of Linomide. 
HD= High dose of Linomide.

CO
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EFFECT OF LINOMIDE ON SC GROWTH OF 13762NF
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PRLD= Pre-treatment with low dose of Linomide. 
PRHD= Pre-treatment with high dose of Linomide. 
POLD= Post-treatment with low dose of Linomide. 
POHD= Post-treatment with low dose of Linomide. 
NT= No treatment.
Vertical Bar= Denotes standard error of the mean.
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FIGURE 2

EXTENT OF METASTASIS IN RATS WITH SC TUMOR

I
E
<9

u.O
&©

<
UI

■  PRLD 
E  PPHD 
B FOLD 
B  PCX-D 
□  NT

PRLD= Pre-treatment with low dose of LS 2616. 
PRHD= Pre-treatment with high dose of LS 2616. 
POLD= Post-treatment with low dose of LS 2616. 
POHD= Post-treatment with low dose of LS 2616. 
NTs No treatment.
Vertical Bars Denotes standard error of the mean. 
*= Significantly different from NT, P< 0.05
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FIGURE 3

EXTENT OF METASTASIS IN RATS WITH 1C TUMOR
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PRLD= Pre-treatment with low dose of LS 2616. 
PRHD= Pre-treatment with high dose of LS 2616. 
POLD= Post-treatment with low dose of LS 2616. 
POHD= Post-treatment with low dose of LS 2616. 
NT— No treatment.
Vertical Bar= Denotes standard error of the mean. 
*= Significantly different from NT, P< 0.05
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FIGURE 4

EXTENT OF METASTASIS IN RATS RECEIVING IV INOCULATION OF TUMOR
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PRLD= Pre-treatment with low dose of LS 2616. 
PRHD= Pre-treatment with high dose of LS 2616. 
POLD= Post-treatment with low dose of LS 2616. 
POHD= Post-treatment with low dose of LS 2616. 
NT= No treatment.
Vertical Bar= Denotes standard error of the mean. 
*= Significantly different from NT, P< 0.05
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Chapter 4

The Effect of LS2616 on Different Immune Pathways Involved 

Regulation of Growth and Metastasis of a Rat Mammary 

Adenocarcinoma
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ABSTRACT

In a previous study we dem onstrated that the im m unomodulator 

Linomide (LS2616) was capable of inhibiting primary tumor growth and 

metastasis of the 13762NF mammary adenocarcinoma in F344 rats. The 

specific effects of treatment depended upon the route of tumor inoculation, 

drug dose, and the time of drug administration.

In the present study, we examine the effect of Linomide on natural 

killer (NK) activity, macrophage cytotoxicity, and lymphocyte proliferation 

using effector cells obtained from rats given subcutaneous (SC), intracameral 

(IC), or intravenous (IV) tumor. Cytotoxicity is examined at weeks 3 and 5 

after tumor implantation, and lymphocyte proliferation at 5 weeks. Panels of 

rats received pre- or post-treatment with a low dose (LD) or high dose (HD) of 

drug, tumor w ith no drug treatm ent (NT), or no tumor and no drug 

treatm ent (N). Results show that SC tum or did not significantly affect 

macrophage or NK cytotoxicity, or lymphocyte proliferation. All drug 

treatments elevated macrophage cytotoxicity and lymphocyte proliferation, 

but pre-treatment with HD drug depressed NK activity compared with N or 

NT groups. Ocular tumor did not significantly affect macrophage cytotoxicity 

or lymphocyte proliferation, but by week 5 caused a depression of NK activity 

com pared w ith N. Post-treatm ent w ith drug partially  restored this 

depression. Pre-treatment with HD drug depressed NK activity compared 

with N. Some drug regimens resulted in elevated macrophage cytotoxicity 

compared with N  or NT groups and some resulted in increased lymphocyte 

proliferation when compared with NT. In rats given IV tumor, macrophage 

cytotoxicity was depressed. However, at week 3 all drug regimens resulted in
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elevated macrophage cytotoxicity, and in rats post-treated with drug this 

elevation was still present at week 5. Pre-treatinent w ith drug tended to 

depress NK activity. Lymphocyte proliferation was increased in all animals 

receiving drug. In normal rats Linomide caused a prolonged enhancement of 

m acrophage cytotoxicity and lym phocyte proliferation com pared with 

untreated rats, but NK activity was decreased by prolonged treatment with HD 

drug. Collectively, our work demonstrates that the effect of tumor on host 

effector cell activity depends upon the route of tum or adm inistration. 

Linomide can cause enhanced macrophage cytotoxicity and lymphocyte 

proliferation in normal and tumor bearing rats, and restore depressed NK 

activity in tum or bearing rats. Specific effects depend upon the route of 

tumor adm inistration, drug dose, and time of drug administration. The 

relevance of the present findings to tumor growth and metastasis is discussed. 

INTRODUCTION

In recent years, considerable effort has been expended in an attempt to 

understand immune pathways that may affect tumor growth and metastasis. 

Im m unom odulators have enhanced our know ledge concerning the 

antitumor potential of the immune system. Linomide (LS2616) a quinoline 3 

carboximide, is an im m unom odulator with little or no toxicity that is 

currently being used in clinical trials with melanoma patients in Sweden. 

Using in vitro passaged B16F10 melanoma cells, Linomide was shown to 

affect tumor growth and metastasis in syngeneic mice by NK cell dependent 

as well as independent mechanisms (55). Our laboratory has shown the 

effectiveness of this drug in decreasing metastasis of both subcutaneous (SC) 

and intracameral (IC) inoculations of the more aggressive in vivo derived
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B16F10 melanoma and demonstrated the importance of NK cell modulation 

in this system (43-45). Recently it has been shown that Linomide significantly 

accelerates the maturation of NK cells from bone marrow precursors (57). 

Linomide has shown prom ising properties as a therapeutic agent by 

enhancing NK cell activity in an IFN-independent manner and by increasing 

lymphocyte proliferative responses (55,72). It has also been demonstrated in 

animals that LS2616 is effective in treatment of autoimmune diseases such as 

systemic lupus erythematosus (133,134).

We recently demonstrated that treatment with Linomide can result in 

a low incidence of apparent cures in F344 rats harboring 13762NF mammary 

adenocarcinoma. Drug treatment was capable of causing partial as well as 

complete tumor regression in approximately 40% of treated rats and of 

decreasing pulmonary as well as extrapulmonary metastasis (117). In these 

studies the specific therapeutic response observed in vivo depended upon 

time of initiation of drug treatment, drug dosage, and route of administration 

of tumor. In order to attempt to understand immunological mechanisms that 

might be affected by Linomide treatment, in vitro analysis of host effector cell 

activity was carried out in parallel with the in vivo studies. The result of 

these in vitro studies are presented here.

MATERIALS AND METHODS

Animals: 5 to 7 week old F344 rats were obtained from the Frederick Cancer 

Research Center, maintained according to the recommendations outlined by 

the National Research Counsul and housed in a special pathogen free facility. 

Routine serology (Charles Rivers, MA) showed that animals were pathogen 

free.
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M aintenance: The 13762NF mammary adenocarcinoma was maintained in 

vivo by serial SC implantation every 2 to 3 weeks of 1-2 mm^ fragments of 

tumor into 5 to 7 week old F344 female rats.

SC implants: A 1 mm fragment of tumor was inoculated SC in the region of 

the third mammary gland using a 16-gauge trocar. SC tumors were palpated 

weekly and the length and width measured with the use of a fine caliper.

IC implants: The procedure for obtaining IC implants has been described 

previously (131). Briefly, 5 to 7 week old rats were anesthetized with 

nembutal, the iris dilated using mydriacyl, an incision made in the center of 

the cornea, and a 0.5 to 1.0 mm fragment of tumor placed on the iris and 

immediately adjacent to the pupillary margin.

Tumor cell suspension: In vivo passaged tumor was minced and then

trypsinized using 0.25% trypsin in DMEM at room temperature for 5 minutes. 

Cell suspensions were washed 3x in DMEM at 1000 rpm for 10 minutes and 

counted in a hemocytometer. Viability was assessed using the trypan blue 

exclusion technique and was routinely greater than 95%. In experimental 

metastasis studies, animals were inoculated in the tail vein with 5x104 tumor 

cells.

Drug treatm ent: Linomide provided by Dr. Stalhanske (Pharmacia, AB Leo, 

Helsingborg, Sweden) was administered. In preliminary experiments rats 

were given 15, 60, 120, or 160 m g/kg Linomide in drinking water. Daily water 

consumption was inhibited in rats given 120 or 160 m g/kg. Accordingly, 15 

and 60 mg /k g  were used and referred to as a low dose (LD), or high dose (HD) 

in the present study. Drug treatment began either one week prior to tumor
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implantation or inoculation (pretreatment) or 2 weeks after administration of 

tumor (post-treatment) and continued for the duration of the experiment. 

Target Cells: The target for the NK and macrophages assays were YAC-1, a 

Moloney virus induced T-cell lymphoma from A /J mice and P815, a 

mastocytoma from DBA/2 mice, respectively.

Complete medium: Culture medium for growing YAC and P815 was RPMI 

1640 supplemented with 10% FBS, 1% penicillin, 1% streptomycin, 1% L- 

glutamine, and 1.4% HEPES (Gibco, Grand Island, NY). Medium used for 

culturing spleen cells consisted of complete medium supplemented with 5% 

rat T-cell polyclone and 5x10-^ M 2-mercaptoethanol (Sigma).

Spleen cell suspension: Spleens were aseptically removed and cells were 

teased from the capsule in complete media. The spleen cell suspension was 

passed through a 250 u nitex filter and cells were washed 3x in complete 

media for 10 minutes (1000 rpm) at 4^C.

Peritoneal macrophages: Cells were obtained from the peritoneal cavity after 

lavaging with 20-ml of cold RPMI-1% Heparin, washed twice in complete 

media at 4°C and plated from 1x10? cells/ml into round bottom costar 96 

well plates for 2 hr in 5% C02. Adherent cells were washed 3x with complete 

media.

Natural Killer Cell Assay: Natural Killer cell activity in the spleen was 

assessed against YAC-1 tumor cells, in a 4 hr SlCr release assay using a stock of 

5x10^/ml target cells (64). All assays were run at effector: target ratios of 200:1, 

100:1, 50:1, and 25:1. The data are presented as percentage of specific 

cytotoxicity which was determined by:
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% cytotoxicity =

Experimental release - Spontaneous release XI00

Maximum release - Spontaneous release

Macrophage-Mediated Cytotoxicity Assay: Peritoneal exudate macrophages 

were collected from 3 rats and pooled for each experiment. The macrophage 

cytotoxicity assay was performed as described previously (109). Adherent cells 

were incubated for 18 hr with 51q * labelled P815 cells (5x10^ cells/ml) and the 

percent cytotoxicity assessed as mentioned before. All assays were run at 

effector to target ratios of 200:1,100:1, 50:1, 25:1,12.5:1, 6.25:1, 3.1:1,1.5:1. Lytic 

units were calculated by using 4 fit parameter in VHS program.

Lymphocyte Proliferation Assay: 1x10^ spleen cells were cultured in complete 

media plus 2ME in 96-well round bottom microtiter plates. Cultures were 

assayed for proliferation 7 days later. luCi of [H3] thymidine was added to 

each well and cells were harvested 24 hrs. later.

Cytotoxic T Lymphocyte assay: 2x10? spleen cells were cocultured with either 

5x106 irradiated 13762NF, YAC, or P815 tumor cells in complete media plus 

2ME and 5% rat polyclone for 1 week or 2 weeks.After a week of culturing, 

lymphocytes were washed and plated at 1x10^/well in complete media at 

effector to target ratio of 100:1, 50:1, 25:1, and 12.5:1. targets were 51 Cr labelled 

13762NF, YAC or P815 tumor cells. A standard 51Cr cytotoxicity assay as 

described previously was performed (64).
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Statistical analysis: Analysis of statistical differences .between NK cell

cytotoxicity, or of lymphocyte proliferation was performed using Duncan's 

Multiple Range Test.

RESULTS

The effect of Linomide on NK and macrophage activity and on lymphocyte 

proliferation in rats implanted with SC tumor:

In order to assess in vitro NK and macrophage activity and lymphocyte 

proliferation and to ascertain the effects of sustained drug treatment on host 

im m une/defense functions, in vitro NK and macrophage immune assays 

were performed 3 or 5 weeks after tumor implantation on normal rats (N), 

untreated tumor bearing rats (NT), and on tumor bearing rats pre- or post­

treated with LD or HD drug. Panels of 3 randomly selected rats/group were 

used for all assays. Lymphocyte proliferation was assessed 5 weeks after 

tumor implantation.

Analysis of peritoneal exudate macrophage activity at 3 and 5 weeks 

showed that there was no difference in cytotoxic activity in normal rats 

compared with tumor bearing rats receiving no drug treatment (Table 1). In 

all treatm ent groups lytic activity of m acrophages was enhanced in 

comparison to normal animals (N) or to tumor bearing rats receiving no 

treatment (NT). At 3 weeks a pronounced elevation of macrophage activity 

was observed in all treatment groups except for rats pre-treated with HD 

Linomide; however, at 5 weeks all treatm ents produced an equivalent 

stimulatory effect.

Analysis of spleen NK activity at 3 and 5 weeks revealed no differences 

between normal rats and tumor bearing rats receiving no treatment (Table 2).
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Linomide had little or no effect on NK cytotoxicity. At both time intervals, 

the NK activity of all groups was similar except for a decrease in cytotoxicity 

in rats pre-treated with HD drug (Table 2).

The effect of Linomide on proliferation of lymphocytes from the spleen 

was examined in rats bearing 5 weeks old tum or. Results show that 

lymphocyte proliferation was the same in normal rats as in the untreated 

tumor bearing animals but was significantly increased in all rats treated with 

Linomide (Figure 1).

The effect of Linomide on NK and macrophage activity and on lymphocyte 

proliferation in rats implanted with IC tumor:

Analysis of macrophage activity showed no difference between normal 

rats and the no treatm ent group. HD Linomide significantly elevated 

macrophage activity at 3 weeks. By 5 weeks all treatment protocols brought 

about an increase in lytic activity with the marked stimulation observed in 

rats receiving pre-treatment with drug (Table 1).

In vitro analysis of spleen NK cell activity at 3 weeks showed that the 

NK activity from normal rats was the same as the NK activity from untreated 

tumor bearing animals, Table 2. A significant decrease in NK activity was 

seen as a result of either pre-treatment or post-treatment of experimental rats 

w ith HD drug. When NK activity was assayed 5 weeks after tumor 

implantation, there was a significant decrease in cytotoxicity in untreated 

tumor-bearing rats when compared with normal animals. In treated rats, HD 

Linomide caused a decrease in NK cytotoxicity at week 3 when compared with 

N or NT. At 5 weeks rats post-treated with HD or LD Linomide showed an 

increased NK activity compared to the no treatment group; however, the NK
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activity in these groups was not completely restored to the same level as seen 

in normal rats.

Analysis of lymphocyte proliferation 5 weeks after tumor implantation 

showed decreased 3H thymidine incorporation in the no treatment group 

compared with normal rats, but this was not statistically significant, pre­

treatm ent w ith  LD and post-treatm ent w ith HD elevated lymphocyte 

proliferation above values observed in the no treatment group (Figure 2).

The effect of Linomide on NK and macrophage cytotoxicity and lymphocyte 

proliferation in rats inoculated IV with a tumor cell suspension.

Analysis of PEC macrophage activity 3 and 5 weeks after tumor 

im plantation showed that cytotoxicity was decreased in untreated tumor 

bearing rats compared with normal rats. At 3 weeks all Linomide regimens 

increased macrophage activity to levels above those observed in normal and 

NT rats, at 5 weeks only rats receiving post-treatment showed a significant 

elevation of cytotoxicity compared with normal rats and the NT group (Table 

1).

In vitro assays of NK activity at 3 and 5 weeks showed no difference 

between normal and untreated rats. At 3 weeks, pre-treatm ent with HD 

Linomide decreased cytotoxic activity, and cytotoxicity observed at 5 week was 

decreased by pre-treatm ent w ith LD drug but this was not statistically 

significant (Table 2).

Analysis of lymphocyte proliferation showed that proliferation in 

untreated tumor bearing rats was less than that observed in normal rats, but 

this was not statistically significant. Treatment of tumor bearing rats with 

Linomide increased proliferation of lymphocytes when compared with
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and the time of administration of the drug (Figure 3).

The effect of Linomide on CTL activity in rats with SC. IC tumors or 

inoculated IV with a tumor cell suspension.

Spleen cells from rats inoculated SC, IC or IV were assayed for cytotoxic 

activity after 7 days in culture with irradiated 13762NF, YAC-1 or P815 tumor 

cells. No lysis of any of the tumors was observed in 4-hr 51 Cr release assays. 

Similar observations were made utilizing an 18-h 51Cr release assay. In an 

another experiment CTLs were cultured with the above mentioned irradiated 

tumors for 2 weeks and assayed for 4-h as well as 18-h 51cr release assay and 

no lysis of any of the tumors were observed. The above mentioned 

experiments showed a lack of generation of CTL activity within 1-2 weeks 

post stimulation in culture.

The effect of Linomide on NK and macrophage activity, and on lymphocyte 

proliferation in normal rats receiving prolonged treatment with Linomide.

In order to determine the effect of long-term treatment with Linomide 

on cytotoxicity and proliferation, panels of rats received either LD drug, HD 

drug, or no drug and were sacrificed 1, 3, 4, or 6 weeks after initiation of drug 

treatment. Examination of macrophage activity showed that Linomide was 

capable of sustaining enhanced macrophage cytotoxicity for at least 6 weeks 

(Table 3).

Examination of NK activity showed that for the first 3 weeks Linomide 

treatment had little or no effect on NK activity of normal (non-tumor 

bearing) rats (Table 3). However, by week 4 HD Linomide caused a non­
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significant decrease in NK activity, and the decrease observed at week 6 was 

statistically significant.

Examination of lymphocyte proliferation at 4 weeks showed that both 

LD and HD stimulated lymphocyte proliferation significantly above that seen 

in normal rats (Figure 4).

DISCUSSION

Linomide has shown prom ising potential as a therapeutic agent in 

experimental tumor models. It's antitumor efficacy has been attributed to its 

imm unomodulating properties. Previous studies w ith B16F10 melanoma 

have clearly demonstrated that Linomide enhances NK activity in an IFN- 

independent manner (55) and affects progenitor NK cells (57). It has also been 

shown that this drug is capable of enhancing the delayed type hypersensitivity 

response and of increasing IL2 production and T-cell proliferation in response 

to antigen.(72,127).

In a separate study (117), we examined the effect of Linomide on tumor 

grow th and m etastasis and dem onstrated that pre-treatm ent w ith LD 

Linomide inhibited SC tumor growth but had little or no effect on metastasis 

while pre-treatm ent with HD inhibited SC tumor growth and appeared to 

stimulate metastasis. In contrast, post-treatment with LD or HD Linomide 

resulted in partial or complete regression of primary tumor and a low percent 

of apparent cures. In order to investigate the effect of Linomide on the 

immune system of F344 rats bearing 13762NF SC tumors, in vitro assays were 

run in parallel with the above in vivo studies. In rats with SC tumors, NK 

activity of all groups was similar at both 3 and 5 weeks except for a decrease in 

cytotoxicity in rats pre-treated with HD Linomide. It is interesting to point
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out that in our in vivo study rats pre-treated with HD Linomide showed a 

significant increase in the extent of pulmonary metastasis compared with all 

the other groups. This may suggest that suppression of NK activity may play 

a role in controlling m etastasis in rats w ith SC tum ors. Analysis of 

macrophage activity demonstrated an enhancement in cytotoxicity at 3 and 5 

weeks. Lymphocyte proliferation was significantly increased in all treated 

animals compared with the no treatment group or normal rats.

In vivo experiments run  in parallel with the experiments presented 

here, dem onstrated that adm inistration of Linom ide to rats w ith well 

established ocular tumors resulted in a decrease in metastasis (117). Post­

treatm ent was most effective and resulted in a significant decrease in the 

extent of pulm onary metastasis and in the incidence of extrapulm onary 

metastasis. While primary tumors in all treatment groups had been observed 

to be approximately half the size of tumors in the no treatment group, weekly 

measurements were not obtained.

In our present study of rats with ocular tumors no clear cut correlation 

existed betw een physiological response and cytotoxicity or lymphocyte 

proliferation when rats were treated with Linomide. Post-treatm ent with 

Linomide was significantly more effective than pre-treatm ent in partially 

restoring the tumor induced depression of NK activity. In conjunction with 

SC experiments, this points to a role for NK cells in regulating metastasis of 

13762NF tumor. Studies by Welch et al have dem onstrated that 13762NF 

contains a variety of clones that are not susceptible to NK killing (1). One 

m ay speculate that lymphokine secretion by NK cells may contribute to 

antitum or activity.
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Our results demonstrate a differential effect of Linomide on primary 

tumor growth in IC vs SC experiments in that complete regression of ocular 

tumors was not observed. One can speculate that the lack of complete 

regression of ocular tumors might be associated with a phenomenon referred 

to as anterior chamber associated immune deviation (AC AID). AC AID is 

evoked by foreign antigens or growth of tumor in the anterior chamber of the 

eye and is characterized by a suppression of DTH and the appearance of 

primed but inactive CTL precursor cells (94, 96, 98, 99). It has been shown that 

DTH often plays an im portant role in combating primary tumor growth in 

several tumors including the 13762A mammary adenocarcinoma (70). Others 

have shown that treatment with Linomide enhances the DTH response in 

rats with suppressed cell-mediated immunity (127). One may only speculate 

that the DTH activity of rats bearing ocular tumor is increased by Linomide, 

and is greater in rats with SC tumors, than in animals bearing ocular tumor.

In our current study, IV inoculation of tumor caused a depression of 

macrophage cytotoxicity. In vivo examination of the effect of Linomide on 

metastasis and survival in rats inoculated with tumor IV had demonstrated 

that treatment with Linomide had little or no effect (117). In our current 

study post-treatm ent w ith  Linom ide increased m acrophage activity 

substantially 3 weeks and 5 weeks after tumor implantation. In addition, 

lymphocyte proliferation was also enhanced by Linomide treatment. It would 

appear that macrophage cytotoxicity and lymphocyte proliferation are not 

effective in inhibiting experimental metastases of the 13762 tumor. While 

Linomide treatment had a beneficial effect on rats bearing SC or IC tumors, It 

had little or no beneficial effect in rats inoculated IV with tumor cells. We
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have demonstrated elsewhere (chapter 2) that sublethal irradiation of hosts 

had no effect on growth of SC tumors but increased metastasis, suggesting the 

T cell involvement in the latter process. In contrast, macrophage activity may 

play an important role in controlling primary tumor growth. Based on the 

above observations, identification and characterization of specific lymphocyte 

subsets in in rats that received IV inoculation of tumor and treatment with 

Linomide would be important.

In summary, the 13762NF mammary adenocarcinoma has differential 

effects on the im m une system depending upon route of tum or 

administration. SC tumor has little or no effect on cytotoxicity or lymphocyte 

proliferation. Ocular tumor depresses NK activity and IV tumor depresses 

macrophage cytotoxicity. In examining the effect of Linomide on the 

immune system of normal rats, Linomide was capable of enhancing 

macrophage cytotoxicity and lymphocyte proliferation and decreasing NK 

activity at high doses after prolonged treatment. In tumor bearing animals it 

was observed that Linomide is capable of effectively enhancing macrophage 

cytotoxicity and lymphocyte proliferation to levels above those seen in 

normal and untreated rats and of restoring depressed NK cytotoxicity. The 

time of adm inistration of Linomide, drug dosage, and route of tumor 

administration play an important role in determining the efficacy of drug 

treatment in regulating host effector cell activity.



TABLE I: Macrophage cytotoxic activity in rats with SC or 1C turnon, or inoculated IV with 5x10* tumor cells.

TREATMENT LYTIC UNITS

SC tumor ' WEEK3 WEEKS

N 6.7 4.4
NT 8.3 3.4
PRLD S8.0 13.3
PRHD 13.9 16.9
FOLD 40.2 12.6
FOHD 31.3 11.4

1C tumor

N 1.2 12.4
NT 4.2 14.9
PRLD 6.4 77.7
PRHD 21.0 100.0
FOLD 5.0 285
FOHD 14.6 20.4

IV  tumor

N
NT
PRLD
PRHD
FOLD
FOHD

N= Normal n ts .
NT= No treatment (tumor bearing rats).
PRLD= Pretreatmcnt with low dose of linomide. 
PRHD= Pretreatment with high dose of linomide. 
POLD= Post-treatment with low dose of linomide 
POHD= Post-treatment with high dose of linomide.

6.7
3.1

11.2
29.3
36.2
76.1

14.8
8.1
5.5
3.4

66.2
60.1
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TABLE 11: NK activity in rats with SC or 1C tumors, or inoculated IV with 5x10* tumor cells.

TREATMENT . WEEK* WEEKS

SC tumor 100:1 100:1

N 21 +/- 1.1 28 +/- 2.3
NT 18+/- 5.1 21 +/- 15.5
PRLD 19+/- 5.4 28 +/- 13.0
PRHD 14+/- 3.3* 13 +/- 2.6
POLD 17+/- 10.0 25 +/- 9.2
FOHD 30+/- 7.7 24 +/- 1.4

IC tumor

N 34 +/- 3.8 28 +/- 5.1
NT 31 +/- 2.9 10 +/- 3.4*
PRLD 35 +/- 7.5 18 +/• 6.1*
PRHD 19 +/- 1.53 11 +/- 4.9*
POLD 35 +/- 3.8 16 +/- 1.6* .2
FOHD 21 +/- 2.93 15 +/- 0.21.2

IV tumor 

N 28 +/- 7.7 40 +/- 3.0
NT 22 +/- 2.9 36 +/- 15.0
PRLD 24 +/- 2.9 24 +/- 5.7
PRHD 16 +/- 1.44 26 +/- 11.0
POLD 26 +/- 1.1 38 +/- 18.0
FOHD 30 +/- 6.1 32 +/- 12.0

N= Normal rats.
NT= No treatment (tumor bearing rats).
PRLD= pretrealment with low dose of linomide.
PRHD= Pretreatment with high dose of linomide. 
POLD= post-treatment with low dose of linomide. 
POHD= post-treatment with high dose of linomide.
+/- = Standard Deviation of samples.
1= Significantly lower than N. P <  0.05 
2= Significantly higher than NT. P < 0.05 
3= Significantly lower than N, NT, PRLD, POLD. P <  0.05 
4= Significantly lower than all the other groups.



TABLE m . NK AND MACROPHAGE ACTIVITY IN NORMAL RATS AND IN RATS TREATED WITH LS 2616 FOR 1.3.4, AND 6 WEEKS.

TREATMENT ^CYFPTOMCTTT
Y A C -l
100:1

ONE WEEK
N  12 +/- 3.2
ID  13 +/- 8.3
I D  17 +/- 2.7

THREE WEEKS
N  16 +/- 3.1
LD 13 + /• 0.8
HD 12 +/- 2 .6

FOUR WEEKS
N  35 +/- 5 .0
LD 33 +/- 4 .3
I D  23 + /- 12.0

SIX WEEKS
N  32 +/- 4 .4
LD 26  +/- 2.5
ID  19 +/- 3.2*

+ /-=  S tan d ard  dev ia tion .
N = N orm al
LD = Low dose  o f  Linom ide.
H D= H igh dose o f  Linom ide.
*=  D enotes significant differece from  N and LD, P  4  0 .05.

LYTIC UNIT 
P815

2.8
6.0
5 .9

2.56
9.94
9.77

14.2
61.9
ND

6.8
2 9 .3
34 .1
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LYM PHOCYTE PROLIFERATION 5  W EEK S A FTER  S C  IMPLANTATION O F TUMOR

50000 - i-—  -----------------------------------------------------------------------------------

4 0 0 0 0  -

3 0 0 0 0

■  c o u m t s

20000

10000

PRLD PRHD FOLD POHD

G R O U P

N= Normal rats.
NT= No treatment
PRLD= Pretreatment with low dose of Linomide. 
PRHD= Pretreated with high dose o f Linomide. 
POLD= Post-treatment with low dose of Linomide. 
POHD= Post-treatment with high dose o f Linomide. 
Vertical Bar= Denotes standard deviation.
*= Significantly different than NT, P < 0.05.
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LYMPHOCYTE PROLIFERATION 5 W EEK S AFTER 1C IMPLANTATION OF TUMOR

50000 T------------------------------------------------------------------------------ --------
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20000
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G R O U P

N= Normal rats.
NT= No treatment
PRLD= Pretreatment with low dose of Linomide. 
PRHD= Pretreated with high dose of Linomide. 
POLD= Post-treatment with low dose o f Linomide. 
POHD= Post-treatment with high dose of Linomide. 
Vertical Bar= Denotes standard deviation.
*= Significantly different than NT, P <: 0.05.
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LYM PHOCYTE PRO LIFERA TION 5  W EEK S A FT E R  IV INOCULATION O F  TUM OR

30000

20000

■  COUNTTS
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G R O U P

N= Normal rats.
NT= No treatment
PRLD= Pretreatment with low dose o f  Linomide. 
PRHD= Pretreated with high dose o f Linomide. 
POLD= Post-treatment with low dose of Linomide. 
POHD= Post-treatment with high dose o f Linomide. 
Vertical Bar= Denotes standard deviation.
*= Significantly different than NT, P < 0.05.
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LYMPHOCYTE PROLIFERATION AFTER 4 WEEKS OF TREATMENT 
WITH LINOMIDE IN NON TUMOR-BEARING RATS
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N= Normal rats
LD= Low dose o f  Linomide.
HD= High dose o f  Linomide.
Vertical Bar= Denotes standard deviation. 
*= Significantly different than N, P< 0.05.
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