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ABSTRACT 

Subpopulations of tumor infiltrating leukocytes in immunogenic 

skin tumors were identified with monoclonal antibodies. The tumors 

studied included primary UV-1nduced tumors and JB/MS melanomas, which 

survive in the host by immunosuppression of the Immune response. The 

proportions of nucleated cells in primary UV-1nduced tumor cell 

suspensions which reacted with monoclonal antibodies were: 52% Mac-1+, 

21% Lyt-1+, 13% Lyt-2+, 7% L3T4+, and 8% IL-2R+. Antibodies to Mac-1 

identify cells of macrophage lineage, anti-Lyt-1 identifies all T 

cells, anti-Lyt-2 reacts with T cytotoxic cells, anti-L3T4 recognize T 

helper cells, anti-interleuk1n-2 receptor reacts with activated T 

cells. Thus there was a high proportion of cells of the macrophage 

lineage in the growing UV-1nduced tumors. In JB/MS melanoma cell 

suspensions the mean proportion of macrophages was 6.4%, and total T 

lymphocytes (Lyt-1) averaged only 5.5%. Thus, there was little 

leukocytes infiltration into JB/MS melanoma, suggesting that 

chemotaxis was defective. The high level of macrophages and T cells in 

the primary UV-induced tumors indicates that chemotaxis was intact. 

Therefore, either the tumorcldal capacities of the macrophages and Tc 

were insenstive to activated macrophages and to Tc cells. 
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INTRODUCTION 

Experimental carcinogenesis supports the concept that many 

tumors are immunogenic. The first clearcut reports of syngeneic tumor 

immunity involved chemically induced tumors. Using Inbred mice, small 

fragments of a sarcoma were transplanted from one mouse to a syngeneic 

mouse. After allowing the tumor to grow for a short while, the blood 

supply to the tumor was interrupted by tight suture around the base of 

the tumor. This ligation technique caused the malignant cells to die. 

The animals, thus cured of their tumors, were then able to reject a 

second implant of the same sarcoma, but not of other unrelated cancers 

, demonstrating that the tumors Induced a host immune response (1). 

The resistance of animals Immunized to syngeneic tumors is 

quantitative. Non-1mmune animals permit growth of smaller Inocula than 

immunized animals. Progressive tumor growth occurs in immune animals 

when larger numbers of tumor cells are transferred. The basis for 

resistance to tumors resides 1n the cellular, rather than the humoral, 

immune compartment. This was established in early experiments using 

the Winn assay. Spleen and lymphnode cells from tumor-immune animals 

protected the recipient host against subsequent challenge with the 

same tumor (1), indicating that the tumors were antigenic and 

stimulated a cell-mediated Immune response, this occurred using either 

chemically or virally Induced tumors. 

The demonstration of specific immunity to specific tumors 

provides the basis for the theory of Immune surveillance. This theory 
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states that the Immune system maintains "surveillance" over the body, 

rejecting small clones of malignant cells, as they arise, 1f they are 

sufficiently distinct antlgenlcally from normal tissue. At least four 

different cell types have been found to play a role 1n tumor Immunity: 

1) T lymphocytes, 2) B lymphocytes, 3) NK cells and 4) macrophages. 

The adaptive immunity induced to tumor antigens 1s essentially 

similar to that evoked against T cell dependent transplantation and 

other cell surface glycoprotein antigens. T cell activation includes 

the generation of helper (Th) and suppressor (Ts) subsets as well as 

cytotoxic T lymphocytes (Tc). Amplification of these responses require 

an optimal supply of interleuklns. Th cells recognize tumor antigen 1n 

association with MHC products. These activated Th cells produce 

lymphoklnes which are important for the recruitment and activation of 

Tc cells, macrophages and natural killer (NK) cells. B lymphocytes 

respond to tumors with the production of tumor-specific antibodies 

(1). NK cells are lymphoid cells that have the capacity to kill: 1) a 

variety of v1rally Infected cells or tumors, 2) antibody-coated target 

cells, 3) some embryonal or undifferentiated cells (1). These cells 

are found spontaneously 1n blood or tissue. Macrophages, activated by 

T cell-derived lymphoklnes, can kill tumor cells (1). It 1s believed 

that activated macrophages play a role 1n anti-tumor Immunity (1). 

Indeed, macrophages have been found to infiltrate many solid tumors. 

The tumor-associated macrophages can be shown at some stages of the 

tumor growth to be activated and to destroy the tumor cells (1). 

The clinical significance of Immune surveillance 1s demonstrated 

by the high Incidence of cancer 1n Immunosuppressed transplant 
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recipients. Most types of cancer that occur in the general population 

have now been found at increased level in Immunosuppressed transplant 

recipients (2). A major factor implicated in the etlologyy of cancer 

in immune suppressed organ graft recipients include the diminished 

immune surveillance allowing survival of potentially neoplastic cells 

arising by somatic mutation or viral infection. The most common 

malignancies that occur in immunosuppressed graft recipients are 

cancers of the skin (2). In Australia, 50% of renal transplant 

recipients treated with ant1lymphocyte globulin (ALG), azathloprlne 

and prednisone for fifteen years, developed cancer; 44% had skin 

cancer (2). Malignant melanoma also occurred with increased frequency, 

approximately five times that 1n a control population. While the skin 

lesions occurred with the greatest frequency 1n the skin of sun-

exposed areas, they developed 1n other sites as well. There was a 

distinct change 1n the proportions of skin cancer that developed in 

immunosuppressed transplant recipients in comparison to those that 

developed 1n a control population. Squamous cell carcinoma occurred in 

immunosuppressed patient with a frequency approximately 40 times that 

of a comparable population (2). The proportion of patients bearing 

skin cancer Increased progressively with time. 

A central problem 1n tumor immunology has been to explain how 

Immunogenic tumors escape destruction by the immune defense of their 

immunocompetent hosts. The results of studies (3-5) support the 

hypothesis that certain tumors with tumor specific, transplantation 

antigens avoid destruction by the immune response of their hosts by 

evoking the production of a population of suppressor T cells, that 
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function to down regulate the Immune response before enough effector T 

cells are generated to cause tumor regression (6). The loss of 

effector T cells result from negative regulation by tumor-Induced 

suppressor T cells (6). Suppressor T cells 1n this system can prevent 

an ant1-tumor Immune response from developing and can down-regulate an 

immune response that Is already 1n progress (4). 

Mammalian skin plays an Important role 1n the protection of the 

host against numerous potentially harmful biological and environmental 

Influences. Ballantyne and Converse (1966) noted that the skin 1s 

composed of widely diversified types of cellular and fibrous 

constituents and 1s the most complex organ of the human body with the 

exception of the brain (7). Evidence suggests the existence of a 

circuit of unique lymphocytes that display special troplsm for skin 

(8). Sk1n-assoc1ated lymphoid tissue (SALT) comprises a unique set of 

antigen-presenting cells (Langerhans cells) localized within the skin, 

a corresponding set of recirculating T and B lymphocytes, and an 

Integrating set of draining lymphnodes. The presence of lymphocytes 

within the epidermis of normal human and rat skin was initially 

reported by Andrew and Andrew (9), they found that lymphoid cells 

constituted 1 to 4% of the cells 1n the basal layer of the epidermis; 

the lymphocytes were present not only in the dermis of the skin, but 

also within normal epidermis. Furthermore, small but significant 

numbers of lymphocytes were contained 1n the afferent lymphatics 

draining from normal skin to the peripheral lymphnodes (10-12). 

Together these Interacting cells and tissues provide skin with an 
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essential and unique capacity to deal with antigenic challenges that 

occur at the cutaneous surface. 

Certain tumors Induced by physical or chemical carcinogens are 

very effectively rejected by the normal syngeneic host. An example of 

such immunosurvelHance 1s observed with ultraviolet light (UV)-

induced tumors (13). Skin cancers Induced 1n mice by repeated exposure 

to ultraviolet (UV) radiation have two unusual immunological 

properties. First, most of these tumors are highly antigenic, in that 

approximate 80% are rejected immunologically when transplanted Into 

normal syngeneic mice (14). Second, they grow progressively 1n 

syngeneic mice that have been Immunosuppressed by X-1rrad1at1on or 

given a small number of exposures to UV radiation (14). Adoptive 

transfer experiments have demonstrated that the Inability of UV 

treated animals to respond against UV Induced tumors 1s due to the 

presence of suppressor T cells (15-17). This UV Induced suppression 

appears to be limited to the Immune response generated against 

syngeneic UV induced tumors, as treated mice are fully capable of 

responding normally 1n other tests of Immunologic function (18). 

To further characterize the Immunosuppression induced by UVB 

irradiation, which prevents rejection of antigenic UV induced tumors, 

we hypothesized that only a low proportion of immunological cells 

would infiltrate into primary tumors Induced by UV Irradiation. With 

the advent of monoclonal antibodies to leukocyte differentiation 

antigens, the composition of tumor Infiltrates and their relationship 

to antitumor immune response can now be Investigated. In this study we 

have used monoclonal antibodies to the Lyt-1, Lyt-2, L3T4 and Mac-1 
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antigens, as well as the IL-2 receptor, 1n conjunction with the 

biotin-avidin horseradish peroxidase method of staining postlve cells, 

to indentlfy lecukocytes Infiltrating primary tumors induced by UV 

irradiation (19). 

Analysis of tumor Infiltrating leukocyte 1s now yielding, 

direct information concerning the host immune response to tumors. Many 

human and murine tumors are infiltrated by, or surrounded by, 

lymphocytes, plasma cells and macrophages. It has been claimed that 

such mononuclear infiltrates indicate a favorable prognosis 1n breast 

cancer (20), carcinoma of the stomach (21), and seminoma (22). 

Another skin tumor which 1s antigenic is malignant melanoma. 

Many laboratories have reported the existence of tumor-specific and/or 

cross-reacting melanoma antigens (23). Recently, Hearing et al. (23) 

have demonstrated cross-reacting tumor rejection antigens shared by 3 

different murine melanomas. There is evidence that these antigenic 

tumors are able to grow 1n immunocompetent hosts by inducing an 

immunosuppression (24). Studies have shown significantly reduced 

paracortical (T-zone) activity 1n nodes located near to primary or 

metastatic human melanoma (25). The cells of lymph nodes near to a 

melanoma respond less well to stimulation by mitogens, alloantigens, 

and Inter!euk1n-2 than do nodes further away (25). Some data suggest 

that the decreased blastogenesls of certain melanoma patients 1s due 

to the presence of suppressor cells (26). 

We have hypothesized that JB/MS melanoma Implants survive 1n the 

recipient by Inducing an Immunosuppression which would prevent large 

numbers of host leukocytes from Infiltrating the tumors. To test this 
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hypothesis we have analyzed the phenotypes of tumor Infiltrating 

leukocytes 1n JB/MS melanoma. The JB/MS melanoma cell line was Induced 

1n C57B1/6 mice with application of 7,12-dlmethylbenz(a)anthracene and 

croton oil (27). 

Analysis of Immunological cells within growing tumors may 

eventually be compared with profiles of Immunological cells 1n tumors 

undergoing rejection 1n order to Identify the crucial Immune events 

that contribute to successful control of tumor growth as well as the 

mechanisms by which tumor cells escape beyond control (28). 
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MATERIALS AND METHODS 

Animals: 

Specific-pathogen-free female BALB/C mice, from SASCO Inc., 

(Omaha, NE) or C57B1/6 mice (Taconlc, Germantown, N.Y.) were used for 

experimentation at seven weeks of age. The mice were housed 5/cage in 

microlsolators 1n a room reserved for spec1f1c-pathogen-free mice. 

Personnel handling mice wore disposable caps, gowns, boots, gloves and 

masks. Bedding was changed 1n a laminar flow hood. 

Ultraviolet irradiation: 

The UV radiation source consisted of a bank of six FS-40 

Westlnghouse fluorescent sun lamps. The radiation dose rate at the 

position of the animals averaged 4.6 J/m2/sec, as measured with a UVX 

digital radiometer with a UVX-31 sensor (ultraviolet products, Inc., 

San gabrlel. CA). Approximately 80% of the total energy output of the 

lamps is in the wavelength range of 280-340 nm. The dorsal fur of the 

mice was shaved with electrical clippers (Oster, model 140) once a 

week during the UV radiation treatment period. Irradiation treatments 

consisted of five 30-minute exposures per week for 12 weeks. The order 

of the cages was systematically rotated prior to each ultraviolet 

treatment to compensate for differences 1n flux. The total UV dose 

received by the mice was approximately 4.92 x 105 J/m2. 

Tumor cell preparation: 
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The tumors used 1n this experiment were fibrosarcoma Induced by 

UV Irradiation 1n BALB/C mice, and five JB/MS melanoma Implanted 1n 

C57B1/6 mice. Primary UV-1nduced tumors of 1.4-1.9 cm2 were excised 

eight months after the termination of UVB Irradiation. The JB/MS 

melanoma cell line was orlgnally Induced by application of 7-12-

d1methylbenz[a]anthracene (DMBA) and croton oil (27) to C57B1/6 mice, 

and was a gift from Dr. Stanley Leong, University of Arizona Cancer 

Center. The JB/MS melanoma cell line was maintained 1n Dulbecco's 

Modified Eagles Medium (DMEM) supplemented with 10% heat-1nactivated 

fetal bovine serum (GIBCO), 100 U penicillin and 100/tg of streptomycin 

(GIBCO). Melanoma cells were harvested with 0.5% trypsin (Calbiochem), 

subcultured and used for studies. Cells 1n exponential growth phase in 

culture were centrifuged, washed, and resuspended in DMEM with 

supplements. 5x10s JB/MS cells were injected Intradermally into the 

left leg of fifteen 7-week-old C57B1/6 mice (Taconic). The tumor 

transplants were excised when the tumor size was 5-7 mm in diameter. 

The tumors were aseptlcally removed, and placed 1n RPMI-1640 

medium. Healthy tumor tissue was minced to 1 mm3 fragments with 

scissors. The fragments were suspended 1n a glass vial in 4 ml of 

hypo-osmolar medium containing 0.08 units of collagenase (type 1. 

Sigma Chemical Co., ST. Louis MO) and 0.008% DNase (Sigma). 

The formula for the hypo-osmolar medium (200 osm), devised by A, 

Le1bov1tz et al. (29) to enhance the disaggregation of tumor 

fragments, is given 1n Table I. These suspensions were digested by 

stirring gently at 37#C for three hours. Cell suspensions were 

harvested from supernatants and cell viability was measured by trypan 
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blue dye exclusion. Cells were carefully cytocentrlfuged onto glass 

slides. 

Phenotyping Tumor Infiltrating Leukocytes: 

Tumor infiltrating Immunological cells were Identified using a 

biotin-avidin horseradish peroxidase method. In this technique, three 

reagents are used, the first 1s the primary monoclonal antibody 

specific for the antigen to be localized. The secondary antibody, 

capable of binding to the first 1s conjugated to blotln (B1ot1n-

Conjugated F(ab')2 Goat Ant1-Rat IgG, Tago, Inc.). The avldln molecule 

(Av1d1n-D conjugated with Horseradish Peroxidase, Vector Laboratories, 

Inc.) binds very tightly to the blotln on the secondary antibody and 

forms Irreversibly bound b1ot1n-av1d1n horseradish peroxidase 

complexes on the nonvarlable region of labeling antibodies, as shown 

in Figure 1. 

The antibody binding site Is detected by the addition of 3,3'-

d1aminobenz1d1ne tetrahydrochloride (DAB) solution which Imparts a 

brown color to antibody complex sites. Cytocentrifuged cell 

preparation were fixed 1n 4*C acetone for 10 minutes, a1r-dried at 

room temperature, and washed 1n phosphate-buffered saline. Further 

procedures were carried out at room temperature. T-lymphocyte subsets 

were Identified using monoclonal antibodies directed against specific 

leukocyte differentiation antigens. Mouse T helper cells plus UV 

induced T suppressor cells are identified with anti-L3T4 antibodies 

(Becton Dickinson), total T cells are Identified with ant1 mouse Lyt-1 

antibodies (Becton Dickinson); cytotoxic T cells are identified with 
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anti-mouse Lyt-2 differentiation antigen (Becton Dickinson). 

Additional tumor infiltrating leukocyte phenotypes were Identified 

utilizing monoclonal antibodies directed against the IL-2R 

(Interleuk1n-2 receptor postlve cells, Boehr1nger-Mannhe1mn CO.), or 

resident macrophages (ant1-mur1ne Mac-1, Boehringer-Mannhelmn CO.). 

Slides containing the cytocentrlfuged cell preparations were incubated 

with monoclonal antibodies for 25 minutes at room temperature 1n a 

moist chamber. The slides were washed 1n phosphate-buffered saline and 

incubated with secondary blotlnlated antibody (Biotinlated Goat anti 

Rat IgG, Tago, Inc., Burllngame, CA), for 25 minutes. Following the 

antibody exposures, slides were washed 1n phosphate-buffered saline 

and incubated with avidin-horseradlsh peroxidase solution (Vector 

Laboratories Sunnale, CA), then washed again and Incubated in a 

mixture of 3,3'-d1am1nobenz1d1ne tetrahydrochloride (DAB) at a 

concentration of 150 mg 1n 50 ml PBS containing 0.5 ml of 30% hydrogen 

peroxide, for 5 minutes. The slides were rinsed in phosphate-buffered 

saline, incubated 1n a 5% copper sulfate solution for 5 minutes, 

washed 1n distilled water, and counter stained with methylene blue 

solution (1% 1n distilled water) for 7 minutes, washed, and 

coversl1pped. Control slides were incubated with phosphate-buffered 

saline and the secondary antibodies to detect nonspecific staining or 

endogenous peroxidase activity. 

Numerous commercially available monoclonal antibodies were 

screened for specificity to select reagents that most clearly 

delineated the mononuclear subsets, Table II lists the monoclonal 



antibodies chosen for our panel and the reputed functional 

characteristics of the T lymphocyte subsets that they define. 

Statistical Analysis: 

The standard error of the proportions of postlvely staining 

cells 1n Individual tumors, was calculated as follow: 

SE = 

\1 

pq 

where p = the proportion of positive cells 

q = l -p 

n = total number of mice 
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toy 

AA Tissue Antigen 0 Peroxidase Enzyme 

Primary Antibody • Biotin X Avidin 

Secondary Antibody PAP Complex 

A 
AA 

Figure 1. B1ot1n-Av1d1n Horseradish Peroxidase method to stain 
reactive cells 
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Table I. Hypo-osmolar medium8 

(1). 0.8% bovine serum albumin Fraction V 688.0 ml 
1n Dulbecco's BSS without CA++ or MG++ 

(2). PVP-40C, 5% 200.0 ml 

(3). Methocel0, 15cps, 2% 100.0 ml 

(4). EDTA,4Na2c, 10% 10.0 ml 

(5). HC1, IN 2.0 mlb 

a mOsmolarity: 202 
b To adjust pH to about 7.0. The amount to be added, 1f any, 
depending on the acidity of the bovine serum albumin(Sigma). 

0 Source of PV-40, Methocel, and EDTA are Sigma Chemical 
Company(St. Louis, M0), Dow Chemical Company(Midiand, MI), and 
J.T. Baker Chemical Company (Ph1ll1psburg, NJ), respectively. 
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Table II. Monoclonal Ant1-Mur1ne Antibodies 

Monoclonal Hybrldoma Specificity Symbol Working Source 
Antibody Clone Solution 

Anti-Lyt-1 53-7.3 

Anti-Lyt-2 53-6.7 

Anti-L3T4 6K 1.5 

Anti-IL2R AMT-13 

Anti-Mac-1 Ml/70 

All T cells 

Cytotoxic 
T-cells 

Helper or 
Suppressor-
T-cells 

Interleukin-2 
receptor+ cell 

Resident and 
tumorcidal 
macrophages 

T 50mg/ml 1 

Tc 125mg/ml 1 

Ths 0.5mg/ml 1 

IL2R 8mg/ml 2 

Ml 4mg/ml 2 

(1). Becton-Dickinson Company 
(2). Boehringer-Mannheimn Corporation 
(3). Accurate Chemical Company 
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RESULTS 

Tumors: 

Five primary UV-1nduced tumors of 1.4-1.9 cm2 were removed from 

BALB/C mice which had received a total of 4.9xl05 Jm-2 . The tumors 

were growing when excised, 8 months after the termination of UVB 

Irradiation. A portion of each tumor was fixed for histological 

examination, and these tumors were classified as fibrosarcomas. Only 

healthy tumor tissue was used for disaggregation. Our method for 

preparing single tumor cell suspensions Involved one transfer of cells 

from the petrl dish 1n which the tumors were minced Into a glass 

scintillation vial for a 3-hour chemical disaggregation (with 

stirring). Some macrophage loss due to adherence to the glass vials 

was possible. The cells were then cytocentrlfuged onto slides without 

further treatment. Because of the limited steps in the procedure to 

obtain tumor Infiltrating leukocytes, cell recovery should have been 

high. 

The JB/MS melanoma 1s a chemically Induced murine melanoma 

recently obtained by Berkelhammer et al. (27), 1t originated In 

C57B1/6 mice as a darkly pigmented, extremely slow-growing tumor. In 

the present study, cells 1n exponential growth phase were harvested, 

centrlfuged, washed, and resuspended 1n DMEM with supplements. 5xl05 

JB/MS cells were Injected Intradermally Into the left leg of seven-

week old C57B1/6 mice. The tumors were growing when excised, fourteen 

days after the tumor injection. Only healthy parts of the tumors were 

used for disaggregation. 
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Distribution of Leukocytes Infiltrating Into Primary Tumors 

Induced by UV Irradiation: 

The mononuclear leukocytes infiltrating 5 primary tumors induced 

by ultraviolet irradiation of female BALB/C mice were assessed. The 

mean proportion of nucleated cells in freshly Isolated tumor cell 

suspensions which reacted with monoclonal antibodies is presented in 

Figure 2. The mean proportion of Mac-1+ (resident and tumoricidal 

macrophages, and monocytes) was 52%, representing the highest 

proportion of any cell type found 1n the tumor. This result indicated 

that there was an immune response occuring in growing UV-1nduced 

tumors, and suggested that Mac-1 postlve cells play a major role in 

the host response to UV-1nduced tumors. The mean proportion of Lyt-1+ 

cells in the tumors was 21%; Lyt-2+ and L3T4+ cells averaged 13 and 

7%, respectively. Thus, Lyt-1+ cell constituted the highest proportion 

of T cells within the tumor. Since Lyt-1 antigen are expressed on all 

T cells, but are expressed at lower levels as T cells undergo 

differention to Lyt-2+ or L3T4+ cells, it would take double labeling 

to determine 1f there was an overlap in the Lyt-1+ cells and the Lyt-

2+ or L3T4+ cells. The proportions were numerically such that an 

overlap could have occurred. There were approximately twice as many 

Lyt-2+ cells as L3T4+ cells in the tumors. The proportion of IL-2R+ 

cells (cells bearing interleukin-2 receptor) was 8%, a relatively low 

level. 

Leukocytic Phenotypes within Individual UV-induced Tumors: 



25 

Five Individual UV-1nduced primary tumors were used as the 

source of cell suspensions tested individually for cell surface 

antigens. The results are shown in Table III. Large numbers of 

macrophages or monocytes were present in the tumors studied, with 80% 

of the tumors containing >50% macrophages. This may even be an 

underestimate of the proportion of macrophages, in view of their 

capacity to adhere to glass, and the 3-hr incubation (with stirring) 

at 37*C in the disaggregation medium, in a glass scintillation vial. 

There was some variation in the proportion of Lyt-1+ cells 

between tumors, with the range extending from 4 to 70% of total cells. 

Because the level of expression of Lyt-1 antigen decrease as T 

lymphocytes differentiate into Lyt-2 or L3T4 cells (30), this range of 

Lyt-1+ cells in different tumors may represent different stages of T 

cell maturation. 

The proportion of tumor cells which reacted with the Lyt-2 

differentiation antigen ranged from 5 to 30% in the different UV 

induced tumors. It is noteworthy that those tumors with a higher 

proportion of Lyt-1+ T cells had a relatively higher proportion of 

Lyt-2+ cells. The proportion of L3T4+ cells ranged from 2 to 30%, with 

the higher proportions found 1n those tumors which contained the 

higher proportion of Lyt-1+ cells. The proportion of tumor cells 

reacting with IL-2R antigens ranged from 0.4 to 17%, with no apparent 

correlation with the percentage of Lyt-1+, Lyt-2+ or the L3T4+ cells. 

Distribution of Leukocytes Infiltrating into JB/MS Melanoma Implants: 
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The mononuclear leukocytes infiltrating JB/MS melanoma Implants 

were assessed in C57B1/6 mice. The mean proportion of nucleated cells 

in freshly isolated tumor cell suspensions which reacted with 

monoclonal antibodies is presented in Figure 3. The mean proportion of 

Mac-1+ (residential and tumoricidal macro-phages, and monocytes) was 

6.4%, representing the highest proportion of any leukocyte found in 

the JB/MS tumor. This result indicated that there was a low level of 

macrophage infiltration in this antigenic JB/MS melanoma tumor. The 

mean proportion of Lyt-1+ cells in the tumors was 5.5%; Lyt-2+ and 

L3T4+ cells averaged 1.3% and 2.7%, respectively. Thus the T cell 

component of JB/MS melanoma was very low. Again, it would require 

double labeling to determine what proportion of the Lyt-1+ cells were 

also Lyt-2+ or L3T4+. The total proportion of cells that are 

leukocytes infiltrating the JB/MS melanoma implant was 10.4-15.9%, 

which represents a relatively low immune response. 

Leukocytic Phenot.ypes Within Individual JB/MS Melanoma Implants: 

Five individual JB/MS melanoma were used as the source of tumor 

cell suspensions tested immunologically for cell surface antigens. The 

proportions of cells reacting with specific monoclonal antibodies in 

the individual tumors is shown in Table IV. In the JB/MS tumors, the 

proportion of Mac-1+ cells ranged from 3 to 12.5%, which is 

considerably lower than the Mac-1+ compartment of UV-induced tumors. 

The Lyt-1+ cells ranged from 4 to 9% in JB/MS tumors. No correlation 

between the proportion of Mac-1+ and Lyt-1+ cells was found. The Lyt-

2+ cells ranged from 0.4 to 3%, so that there was consistently a very 
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low level of T cytotoxic cells 1n JB/MS melanoma. The proportion of 

L3T4+ cells varied from 0.2 to 6.5%. No correlation was found between 

the specific proportions of Lyt-1+, Lyt-2+, or L3T4+ cells In the 

individual JB/MS tumors, beyond the general observation of low total 

levels of these phenotypes 1n these melanomas. 
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Figure 2. The proportion of primary UV-1nduced tumor cells reacting 

with monocolonal antibodies against the designated leukocyte 

differentiation antigens. Values represent the mean obtained 

from five Individual tumors. Bars represent the standard 

error. 



Table III: Phenotypes of Primary UV-Tumor Infiltrating Leukocytes 

Proportion of tumor cells reacting with: 

Case Mac-la Lyt-1 Lyt-2 L3T4 IL2-R 

Tumor A .51+.02 .04+.01 .11+.01 .02+.01 .17 +.02 

Tumor B .51+.02 .12+.03 .11+.02 .02+.01 .004+.002 

Tumor C .57+.02 .70+.03 .30+.02 .30+.00 .12 +.01 

Tumor D .36+.03 .44+.04 .21+.04 .10+.01 

Tumor E .55+.02 .15+.02 .05+.01 .06+.01 .07 +.01 

Cells 
Counted" 460 337 378 397 397 

a Proportion of postive cells + standard error of the proportion i 
b1ot1n-av1din horseradish peroxidase stained cells 

b Mean number of cells counted with indicated monoclonal antibody 
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Figure 3. The proportion of JB/MS melanoma cells reacting with 

monoclonal antibodies against the designated leukocyte 

differentiation antigens. Values represent the mean obtained 

from five Individual tumors. Bars represent the standard 

error. 
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Table IV: Phenotypes of Transplanted JB/MS Melanoma Tumor 
Infiltrating Leukocytes 

Proportion of tumor cells reacting with: 

Case Mac-la Lyt-1 Lyt-2 L3T4 I12-R 

Tumor A .125+.015 .038+.008 .015+.005 .011+.004 .075+.011 

Tumor B .028+.007 .039+.008 .008+.004 .006+.003 .035+.008 

Tumor C .097+.013 .075+.012 .030+.007 .065+.001 .057+.010 

Tumor D .044+.008 .091+.012 .004+.003 .053+.010 .025+.007 

Tumor E .029+.007 .034+.007 .007+.003 .002+.002 .007+.004 

Cells 
Counted" 533 548 533 527 542 

a Proportion of postive cells + standard error of proportion in 
biotin-avidin horseradish peroxidase stained cells 
Mean number of cells counted with indicated monoclonal antibody 

4 
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DISCUSSION 

Analysis of the host immune cells found in growing primary UV-

induced tumors revealed that approximately 52% of the cells within the 

tumors reacted positively with anti-mac-1 antibodies. These antibodies 

bind to resident macrophages and monocytes. Thus, there was a high 

proportion of cells of the macrophage lineage in the growing tumors. 

These results are in agreement with findings of Woodward and Daynes 

(31) who found macrophage levels averaging 33% 1n 4 different 

transplanted UV induced tumors. The criteria they used to identify 

macrophages Included : 1) rapid adherence to glass, 2) resistance to 

detachment from glass by trypsin, 3) phagocytosis of latex beads or 

antibody coated sheep red blood cells, and 4) formation of Fc rosettes 

with antibody coated sheep red blood cells. The macrophages from 

Woodward and Daynes tumors appeared to be immunologically active in 

vitro because their presence in the stimulator cell population was 

necessary to achieve an optimum anti-tumor cytotoxic response 

following in vitro sensitization. 

Li 11 and Fortner (32) evaluated the Inflammatory cells recovered 

from 4 UV 1316 tumor transplants at six days after Implantation of 1-

mm3 fragments. In normal syngeneic mice, none of the implants grew, 

whereas in UV-treated mice, all implants grew progressively. Li 11 and 

Fortner found that 27 or 17% of the tumor infiltrating leukocytes (as 

distinct from total number of cells in the tumors) were macrophages in 

UV irradiated or in normal mice, respectively. Phagocytosis of India 

ink or opsonized sheep erythrocytes was the criterion used to identify 
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macrophages. The number of tumor cells observed 1n the preparations 

varied from 11 to 49% at 6 days post challenge. The numbers of 

lymphocytes recovered from these tumors were maximal on the sixth day 

after Implantation, averaging 42 and 28% of the Infiltrating 

leukocytes in normal versus UV-treated recipients, respectively. 

Thereafter the numbers of T and B lymphocytes dropped to 1/10 - 1/50 

of the level at six days post implantation. The T cells recovered 

after six days from the UV 1316 tumors implanted 1n normal mice, but 

not those Implanted in UV irradiated mice, showed in vitro cytotoxic 

activity against UV 1316 tumor cells. Macrophage cytotoxicity was not 

measured in these experiments. Thus, L111 and Fortner found that a 

regressing UV 1316 tumor implant had an Increased Infiltration of T 

cytotoxic cells which peaked at day six after implantation, and 

dropped rapidly thereafter. The failure of UV-treated mice to reject 

syngeneic UV-induced tumors 1n vivo was associated with a decreased 

ability to mobilize T cells Into the tumor and to generate cytotoxic 

reaction against the tumor. 

Twenty-two percent of the cells in the primary UV-induced tumor 

cell suspensions in the present study reacted postively with anti -Lyt-

1 antibody, which is a marker for T lymphocytes, so along with the 52% 

macrophage cells, the tumor cell preparations were comprised of 

approximately 70% host Immune cells, and only 30% tumor cells. This 

was comparable to the 11-49% of tumor cells found by Li 11 and Fortner 

in their transplanted UV induced tumors (32). 

Urban et al.(33) have studied the mechanisms of rejection of UV 

induced fibrosarcomas 1591 and 1316. Normal mice injected 
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intraperitoneally with a UV-induced regressor tumor generated 

cytotoxic activity that was tumor specific and dependent on T cells 

bearing Lyt-2 antigens. They showed that intraperitoneal injections of 

progressor tumor cells into syngeneic normal or nude mice induced a 

significant peritoneal lymphocytic response which was crossreactive 

with another UV-induced fibrosarcoma. The immune response could be 

removed by pretreatmant of the peritoneal cells with anti-NK-1.2 

antibody and complement. Thus, UV-induced tumors bear a common antigen 

which is recognized by natural killer (NK) cells. Urban et al. (34) 

also showed that UV induced regressor tumor cell line 1591 was 

susceptible to cytolysls by adherent peritoneal exudate cells 

activated by LPS (purified bacterial lipopolysaccharlde) and LK 

(secondary mixed lymphocyte culture supernatant containing 

lymphokines). 

Acquired host resistance to tumors 1s generally expressed by the 

cell-mediated immune response to tumor-associated antigens. These 

responses can include both T cytotoxic cells and the derivative of T 

cells which mediate delayed-type hypersensitivity (DTH) reactions (35-

37). The DTH reaction appears to aid host resistance because it is a 

mechanism for attracting macrophages to the tumor site where they can 

be activated by 7-interferon (released by activated T cells) to 

recognize and destroy the tumor cells (38-39). In the last fifteen 

years several mechanisms have been proposed to explain tumor cell 

killing by macrophages: (A) lysosome exocytosis, (B) superoxide anion 

and hydrogen peroxide, (C) interleukin-1, (D) arginase, (E) neutral 

protease, or (F) tumor necrosis factor. 
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In the early hypothesis of exocytosls, a transfer of lysosomes 

from the macrophages to the tumor cell was proposed. When macrophage 

lysosomes were prelabeled with dextran sulfate and then Incubated with 

tumor cells, there was an accumulation of dextran sulfate in the tumor 

cells (40). This suggested that lysosomal material from activated 

macrophages was transferred to the cytoplasm of tumor cells. The cause 

and effect relationship of this transfer to development of cytotoxic 

change in target cells is uncertain. Macrophages are a potent source 

of superoxide anion and hydrogen peroxide, the generation of which is 

known to be an important means by which macrophages kill bacteria 

intracellular^. Some tumor cells may be susceptible to being killed 

by hydrogen peroxide and superoxide anion (41-46). Macrophages at the 

site of the tumor might produce high local concentrations of arginase. 

and thereby deprive the tumor cells of required arginine. Such a 

deprivation could account for the time required for cytolysis to 

develop. Adams et al.(47) Isolated a serine protease from tissue 

culture medium of activated macrophages which were the killing tumor 

cells (47). Only activated macrophages secreted the neutral protease, 

and this secretion was enhanced after binding of a macrophage to a 

tumor cell. Tumor necrosis factor (TNF), a cytokine derived from 

monocytes/macrophages and natural cytotoxic cells, was originally 

identified for its ability to cause cytocidal or cytostatic effects 

against certain transformed cells lines in vitro. TNF is a major 

mediator of the antitumor cell activity exerted by activated 

macrophages (48-49). Various investigators have reported that the 

anticellular action of macrophages is accompanied by a degradation of 
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the target cell's DNA Into fragments whose lengths are multiples of 

approximately 200 base pairs (50). This DNA fragmentation has been 

observed to be accompanied by the release of DNA from the target 

eel Is. 

The adaptive immunity induced by tumor antigens is essentially 

similar to that evoked against T cell dependent transplantation and 

other cell surface glycoprotein antigens. T cell activation can 

include the generation of helper (Th) and suppressor (Ts) subsets as 

well as cytotoxic T lymphocytes (Tc) (51). The concept that cytotoxic 

T lymphocytes are potent effector killer cells has been greatly 

strengthened by recent biochemical work that led to the identification 

of at least some of the lytic polypeptides of these cell types (52). 

One key mediator found in cytotoxic T lymphocytes 1s a pore-forming 

protein (PFP, also termed perforin or cytolysin) localized in the 

cytoplasmic granules of this cell type (53). According to a recently 

proposed model (54), effector lymphocytes degranulate upon binding to 

their target cells, releasing PFP monomers Into the Intercellular 

space (54). In the presence of extracellular calcium, perforin 

undergoes a conformational change that allows 1t to bind to the target 

membrane and to assemble Into complement-like pores, resulting in 

diffusion of molecules into and out of the cytoplasm, leading to 

irreversible damage to the target cells (53). 

In the Immune system, macrophages play a central role in eel 1 -

mediated immunity, because they are Involved both in the initiation of 

a response as antigen-presenting cells, and 1n the effector phase as 

inflammatory or tumorcidal cells, in addition to their regulatory 
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functions. The activation of T lymphocytes Involves not only 

recognition of antigen and MHC determlnents but also signals passing 

between the antigen presenting cells and lymphocytes via interleukins. 

The macrophages process the Immunogen and facilitate T and B cell 

interaction. T helper cells are activated by reaction with antigen 

presented in the context of the major histocompatiblity class II 

antigen, and interleukin-1 (IL-1), a factor produced by activated 

monocytes. Activated T helper cells then produce 1nterleukin-2 (IL-2) 

and interferon-7 . IL-1 acts on T cells to induce the receptor for 

interleukin-2, which then allows the T cell to respond to this T cell 

growth factor; it also stimulates 1nterleuk1n-2 and lnterferon-7 

production. IL-2 produced by activated Th cells acts as a second 

signal for B cell activation to produce antibody and further T cell 

activation resulting 1n T cytotoxic cells. 

Recent experiments demonstrated the presence of perforin 

activity in primary lymphocytes that had been stimulated 1n vitro with 

IL-2 (55-57). Perforin has been found in both natural killer cells 

(NK) and lymphokine activated killer cells (LAK). Macrophages can also 

be activated by IL-2 to become cytolytic or cytostatic for tumor cells 

or microorganisms. TNF is elaborated by macrophages during the 

activation process and this is a primary mechanism by which activated 

macrophages kill tumor target cells (58). Interferon gamma is produced 

by activated Th cells, and the possible roles for this lymphokine 

include the regulation of macrophage functions, expression of cell 

surface antigens, and regulation of natural killer cell activity. 



38 

Urban et al.(59) have studied the role of macrophages in the 

rejection of a UV-induced tumors (1591). They have analyzed the rare 

progressor variants that arise from normal mice Injected with the 

parental antigenic 1591 tumor. These variants consistently lose 

expression of a specific rejection antigen. The antigen is T cell-

defined in that it is not lost in T cell-deficient (nude) mice. These 

progressor variants isolated from normal hosts also display reduced 

sensitivity to activated macrophages or to tumor necrosis factor, 

although they have normal senstivity to osmotic lysis, natural killer 

cells, hydrogen peroxide, and interleukin-1. Antibodies against 

recomblnent murine TNF abrogated the cytotoxic activity of activated 

macrophages against the parental, antigenic 1591 cell line. Thus it 

appears that TNF released by activated macrophages can mediate killing 

of UV-induced tumor cells, but variants which are not senstive to TNF 

can arise and are resistant to activated macrophages. These variants 

have also lost the T cell-defined rejection antigen which is necessary 

for T-cell cytotoxicity (59). 

In our JB/MS melanoma cell suspensions, we found that the mean 

proportion of macrophages was 6.4%, and total T lymphocytes (Lyt-1) 

averaged only 5.5%. Thus, there was a low level of leukocyte 

infiltration into this antigenic JB/MS melanoma tumor. There have been 

a number of studies identifying mononuclear cells infiltrating primary 

or metastatic malignant melanoma 1n humans (59-67). Most of these 

investigators have involved comparisons of the proportions only of 

lymphocyte subsets in histological sections. However in one 

investigation of 15 human metastatic melanoma patients, single cell 
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suspensions of the tumors were prepared and stained with monoclonal 

antibodies (67). In 7/15, or approximately 50% of these case, lymphoid 

cells constituted less than 15% of the total cells within tumors. In 

40% of the case, the tumors contained <10% lymphocytes. In 33% of the 

cases, tumors contained more than 50% lymphocytes. Thus, a large 

proportion of these freshly isolated human metastatic melanoma 

contained low levels of infiltrating lymphocytes, similar to the 

results found in the present study. 

Low infiltration of leukocytes into tumors could result from 

lack of chemotaxis. Chemotaxis 1s the process by which phagocytes are 

attracted to sites of inflammation. It can be demonstrated in vitro 

that phagocytes will actively migrate up a concentration gradient in 

the presence of certain chemotactlc molecules. C5a, is particularly 

active in chemotaxis. Both neutrophils and macrophages are attracted 

by C5a. When a chemotactlc signal 1s received, phagocytes are 

attracted to the blood vessels and tissue structures that harbor the 

chemoattractants (51). A soluble factor which interferes with the 

ability to accumulate macrophages at inflammatory foci (68), to resist 

bacterial infection (69) and to develop DTH, has been isolated from a 

primary methylcholanthrene-lnduced tumor and from supernatants of all 

tumor lines studied so far, Including the B16 murine melanoma and a 

human melanoma (MM96) (70-72). The active material was a 19,000-dalton 

glycoprotein, antigenlcally related to the immunosuppressive 

retroviral protein, P15E. Prevention of accumulation of macrophages at 

sites of inflammation appears to occur by Inhibition of production of 

IL-1 by macrophages and of 7-interferon by T cells (71). The* P15E-1ike 
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protein can also depress NK activity, IL-2 production, and responses 

to IL-2 by mouse spleen cells (72-73). The murine melanoma cell lines, 

B16F1 and B16F10, have been shown to contain material reactive with 

anti-P15E (70). 

Another means of immunosuppression in melanoma patients is by 

production of prostaglandin E2. Patients with advanced malignant 

melanoma have been shown to have decreased skin reactivity to 

neoantigens (74), and lymphocytes from such patients have decreased 

antigen- or mitogen-stimulated blastogenic response, as compared with 

controls (75). In one study, peripheral blood mononuclear cells from 

11 patients with metastatic melanoma had a significant decrease 1n 

mitogenic response to concanavalln A, compared to 21 controls (26). 

This response was returned to normal when Indomethacin, which inhibits 

prostaglandin synthesis, was added to the cells. Supernatants from 

cells cultured with or without Con A 1n several of these melanoma 

patients contained very high levels of endogenous PGE2. This 

prostaglandin can Induce a nonspecific Immunosuppression, based on the 

multiple immunomodulatlons Induced by PGE2 : a) decrease in IL-2 

production (76), b) decrease 1n transferrin receptor expression (76), 

c) decrease 1n macrophage DNA synthesis (77), d) decreased expression 

of la synthesis on antigen-presenting cells (78), and decreased TNF 

production by activated macrophages (79). 

Mechanisms of Immunological escape address the central paradox of 

tumor Immunology which 1s why neoplasms which are demonstratably 

immunogenic elude the effector arm of the Immune response. Several 

mechanisms result in suppression of the immune response. T cells (31), 
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macrophages (26), or tumor cells can secrete Inhibitory materials 

which can mediate suppression. Since the demonstration 1n 1953 that 

chemically Induced murine tumors can possess transplantation rejection 

antigens (80), a central problem has been to explain how such tumors 

are able to escape immune destruction. It has most recently been 

suggested that suppressor T cells are 1n some way responsible (81-

83). Progressive growth of a chemically-Induced fibrosarcoma (84), the 

P815 mastocytoma (85) and the methylcholanthrene-induced meth A 

fibrosarcoma (84) in syngeneic mice results, after growth to > 5mm, in 

the generation of suppressor T cells. Kripke and co-workers (16,86), 

Daynes and spell man (14), and Spell man and Daynes (87) have examined 

the immunological phenomena underlying the acceptance of ultraviolet 

light(UV)-induced sarcoma 1n UV-treated mice. Adoptive transfer 

experiments have demonstrated that the inability of UV treated animals 

to respond against UV induced tumors is due to the presence of 

suppressor T cells (15). 

Our findings of high numbers of tumor-infiltrating leukocytes, 

especially macrophages, 1n growing primary UV-induced skin tumors, and 

very low numbers of tumor-1nfiItratlng leukocytes in growing JB/MS 

melanoma transplants suggest that different mechanisms of 

immunosuppression are active in two different tumor types. A model 

that fits with our results 1s that JB/MS melanoma cells contain an 

immunosuppressive protein homologous to P15E, in-so-far-as there was 

defective chemotaxis of monocytes into the antigenic melanoma. The 

high level of macrophages and T cells in the primary UV-induced tumors 

indicates that chemotaxis was intact. Therefore, either the tumorcidal 
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capacities of the macrophages and Tc cells were suppressed, or the 

growing tumors consisted of cells which were Insensitive to activated 

macrophages and to Tc cells, perhaps by 1nsenst1v1ty to TNF and by 

loss of a T cell-defined rejection antigen as described by Urban and 

Schrelber (34). 
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