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INTRODUCTION 

In the 1890's Dr. William B. Coley, a surgeon at the New York Cancer 
Hospital (the predecessor to Memorial Sloan-Kettering Cancer Center), observed 
thAt tumors in patients who simultaneously contracted a bacterial infection some
times shrank or even disappeared. Coley began to treat cancer patients with a 
mixture nf sever:1l ba c teria - n•fPrred to a s "Coley's Toxins" or "Coley's Cancer 
Cocktail." This therapy sometimes succl!eded dramatlcally in causing cancer 

WILLIAN B. COLEY , M.D. 
1862-1936 

Memorial Sloan-Kettering Cancer 
necrosis factor. 

regression, but more often than not it failed. 
~~en it succeeded, it was a remarkable cure, 
for unlike modern radiotherapy and chemo
therapy Coley's Cancer Cocktail did not damage 
healthy tissues. 

Coley's unique contribution to medical 
sc ience was his persistence in studying the 
use of mixed bacterial toxins in cancer 
treatment : he made a 40 year thorough 
investigation in this one line of cancer 
research. In addition, Coley devoted himself 
to promoting a general public interest in the 
cancer crusade. 

For the past 90 years, the mechanism of 
the tumor regression noted by Coley has 
remained a mystery. An understanding of the 
Coley phenomenon has now become possible as a 
result of the recent identification of the 
active ingredient in Coley's Cancer Cocktail 
by Lloyd J. Old and his associates at the 

Center. The active ingredient is called tumor 

Old and associates discovered tumor necrosis factor by studying an 
experimental counterpart of Coley's clinical observations. The experimental 
model consists of treat;i.ng mice with two agents that had been shown 
previously to cause regression of tumors in animals. The first agent - the 
priming agent consists of treating mice with BCG, an attenuated form of 
tuberculosis which produces a rapid proliferation of macrophages throughout the 
hody. The second agent - the challenging agent - consists of giving mi ce ;~n 

lntr;~venous in j ection of a sublethal do:;e of endotoxin. This combined treatment 
leads to the appearanc e in the serum of tumor necrosis factor, an extremely 
pf'tent molecule that can selectively destroy malignant cells without kiJ ling 
their normal counterparts. 

In the past year, tumor necrosis factor has advanced from a complex 
biological activity detectable in the serum of BCG-primed and endotoxin
challenged animals to a well defined protein molecule whose site of synthe:;is in 
the hodv has been identified and whose gene has been cloned. Mf1ligram 
quantiti~s of puri f ied tumor necrosis factor have recently been produced by the 
techniques of recombinant DNA and are now available for study by basic scientists 
and clinical investigators. The molecular cloning of tumor necrosis factors 
opens the way to clinical trials in which the promise of Coley's odginal 
observations can now be put to test. 
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Figure 1 

Tumor necrosis factor has turned out to be a versatile and fascinating 
molecule: it has several potent actions in addition to the original one that 
led to its discovery. 1) It can kill malarial parasites in vitro and in 
vivo; 2) it is one of the endogenous mediators of endotoxic shock produced by 
gram negative bacteria; and 3) it is structurally identical to cachectin, a 
hormone that mobilizes triglyceride from adipose tissue and produces a state 
of cachexia in animals. 

The gene for TNF has been cloned and its complete amino acid sequence is 
known. The mature protein consists of a single polypeptide chain of 157 
amino acids (molecular weight of ~ 17,000). The protein contains one 
intrachain disulfide bond between two cysteine residues. The integrity of 
this disulfide bond is crucial for the action of TNF. 
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Figure 2 

HISTORICAL EVENTS LEADING TO DISCOVERY OF TNF 
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Observation 

Spontaneous regression of certain human tumors 
during bacterial infection - " Coley's Cancer 
Cocktail " 

Hemorrhagic necrosis of animal tumors after 
injection of bacterial toxins. 

Isolation of human-necrosing lipopolysaccharide 
from S. marcescens ; now known to be endotoxin . 

Tumor cells not killed by endotoxin in vitro . 
Advanced theory of endotoxin-induced collapse of 
tumor vasculature. 

TNF in serum of mice primed with BCG and 
challenged with endotoxin. TNF active in vivo 
and in vitro . 

Molecular cloning of TNF 

TNF identical to Cachectin , a potent hormone 
that mobilizes triglyceride from adipose tissue. 
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TNF appears i n the serum of animals that have been primed with an attenuated 
form of tuberculosis (BCG) and then sensitized with endotoxin. [Data f rom 
ref. 6). 

NECROSIS OF TRANSPLANTED SARCOMA IN VIVO 
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Macrophage s are the cells in the body that produce TNF. 

What Cells in the Body are Responsible 
for Producing TNF? 

• MACROPHAGES 

Evidence: 

1. Priming agents cause macrophage hyperplasia. 

2. Certain cultured macrophages secrete TNF after 
exposure to endotoxin. 
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Figure 5 

Regression of a human melanoma transplanted into TNF-treated mice. 
from ref. 13). 
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[Data 

TNF-rich serum (obtained from BCG-primed and endotoxin-sensitized mice) kills 
cultured tumor cells in vitro (left panel), but has no effect on the growth 
of normal embryonic fibroblasts (right panel). [Data from ref. 6). 
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Figure 7 

TNF prevents the lethal effect of malaria in a in v ivo mouse model. [Data 
from ref. 21] . 
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Figure 8 

Biological characteristics of TNF 

1. Protein molecule with subunit molecular weight of 17,000 

2. Appears in serum of animals that have been primed with 
activators of macrophages and then challenged with endotoxin 

3. PRIMING AGENTS - BCG, Corynebacterium parvum, yeast 
cell walls (zymosan), malarial infection. 4 to 6 days 

4. CHALLENGING AGENTS - Endotoxin (lipopolysaccharide) 
from Serratia marcescens or E. Coli. 60 to 90 minutes 

5. Lack of species specificity - mice and rabbits 

6. Ability to discriminate between normal and certain 
tumor cells in vitro 

7. Identical to cachectin 

8. Mediates 'lome of lethal effects of endotoxin (LPS) 
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Figure 9 . TNF is identical t o a protein c alled c ~chectin , a ho rmone tha t mobilizes 
triglyceride from adipose t issue and produces a st a t e of cac hex i a in experimental 
animals. Under normal circums tances, the cri glycer i des (TG) of ad ipose ti ssue are 
synthesized from free fatty acid s ( FFA) that orig i na t e fr o~ two sourc es : I) the 
hydrolysis of trig l yceride-rich plasma ve r y l ow densi t y lipoproteins (VLDL) by the 
action of lipoprotein (LP) lipase, a nd 2) t he me t a bo l ism o f glucose within the 
adipocyte. Net accumula tion and sto rage o f t r i glycerid e o ccurs when t r i g l yceride 
synthesis ex ceed s triglyceride h ydrolysis. Hydrolysis is mediated by tissue 
lipase. The pathway of triglyceride metabo lism iu t he norma l j s shown bel01,•. 

NORMAL 
ADIPOCYTE 

UPTAKE AND 
PRODUCTION 

LP 
LIPASE 

STORAGE AND RELEASE 

PLASMA ) FFA 
VLDL IIIII I 

GLUCOSE/ ) 
--------------------------~ 

ADI POSE CELl. 

UTILIZATION 

TNF depletes the triglyceride o f ad i pose t is s u e by ec t ing a t thr ee sites : J ) it 
decreases the activity of lipoprotei n lip'l.s e , de.:-:-e ;; sing FFA av ailability; 2) it 
decreases the activity of two ke y en zymes ~ esponsihle f e r convert ing FFA t o 
triglyceride; and 3) it stimulate s the ac t i \· it y of t i ssue l i pa se . t h us increas i ng 
the hydrolysis of triglycer i de. The se e ffe c t s of Tl\F are sho ~<.'T. below. 

TNF-TREATED 
ADIPOCYTE 

( 
+LP 

t PLASMA LIPASE 

VLDL --TFFA 

GLUCOSE~ 

• TI SSUE) 
Ll~, ASE • FFA 

t TG 
SYNTHESIS .. . 

~·Ef£) 
trs I 

D~OPLET _) 

t.D iPCS:. CCL.L 



8 

REFERENCES 

I Tumor Necrosis Factor Before 1975 - "Coley's Cancer Cocktail" 

1. Coley, W. B. (1894) Treatment of inoperable malignant tumors with the 
toxines of erysipelas and the bacillus prodigiosus. Trans. Amer. Surg. 
Assn. 12: 183-203. 

2. Shwartzman, 
filtrates. 

G. (1936) Reactivity of malignant neoplasms to bacterial 
Arch. Pathol. 21: 284-297. 

3. Shear, M.J. (1944) Chemical treatment of tumors. IX. Reactions of mice 
with primary subcutaneous tumors to injection of a hE'morrhage-producing 
bacterial polysaccharide. I· Natl. Cancer Inst. 4: 461-476. 

4. 

5. 

Algire, G.H., F.Y. 
reactions of normal 
hypotension in the 
J. Natl. Cancer Inst. - ---- ------ ----

Legallais, and B.F. Anderson. (1952) Vascular 
and malignant tissues in vivo. V. The role of 
action of a bacterial -polysaccharide on tumors. 

12: 1279-1295. 

Nauts, H.C., G.A. Fowler, and F.H. 
influence of bacterial infection 
toxins) on malignant tumors in man. 

Bogatko. (1953) A review of the 
and of bacterial products (Coley ' s 
ACTA Med. Scand., Supp. ~: 5-103. 

II Discovery and Biological Characterization of Tumor Necrosis Factor 
Since 1975 

6. Carswell, E.A., L.J. Old, R.L. Kassel, S. Green, N. Fiore, and B. 
Williamson. (1975) An endotoxin-induced serum factor that causes 
necrosis of tumors. Proc. Natl. Acad. Sci. USA 72: 3666-3670. 

7. Green, S., A. Dobrjansky, E.A. Carswell, R.I.. Kassel, L.J. Old, N. Fiore, 
and M.K. Schwartz. (1976) Partial purification of a serum factor that 
causes necrosis of tumors. Proc. Natl. Acad. Sci. USA 73: 381-385. 

8. Old, L.J. (1976) Tumor necrosis factor. Clinical Bulletin 6: 118-120. 

9. 

10. 

Green, S., 
L.J. Old. 
production 
Inst. 59: 

A. Dobrjansky, M.A. Chiasson, F.. Carswell, M.K. Schwartz, and 
(1977) Corynebacterium parvum as the priming agent in the 

of tumor necrosis factor in the mouse. J, National Cancer 
1519-1522. 

Ruff, M.R., 
Lynphokines, 
235-272. 

and 
Vol. 

G.E. Gifford. (1981) Tumor 
2, E. Pick (ed.), Academic 

necrosis factor. 
Press, New York. 

In 
pp. 

11. Williamson, B.D., E.A. Carswell, B.Y. Rubin, J.S. Prendergast, L.J. Old. 
(1983) Human tumor necrosis factor produced by human B-cell lines: 
Synergistic cytotoxic interaction with human interferon. Proc. Natl. 
Acad. Sci. USA 80: 5397-5401. 

12 . Darzynkiewicz, Z., B. Williamson, E.A. Carswell, and L.J. Old. (1984) 
Cell cycle-specific effects of tumor necrosis factor. Cancer Research 
44: 83-90. 



13. Haranaka, K., N. Satomi, and A. Sakurai. 
murine tumor necrosis factor (TNF) against 
heterotransp1anted human tumors in nude 
263-267. 

9 

(1984) Antitumor activity of 
transplanted murine tumors and 
mice. Int. J. Cancer 34: 

14. Beutler, B., I.W. Mi1sark, and A. Cerami. (1985) Passive immunization 
against cachectin/tumor necrosis factor protects mice from the lethal 
effect of lipopolysaccharide, Science 229: 869-871. 

15. Ku11, 1~ 5c., Jr., S. Jacobs, and P. Cuatrecasas. (1985) Cellular receptor 
for I-1abe1ed tumor necrosis factor: Specific bindinR, affinity 
labeling, and relationship to sensitivity. Proc. Natl. Acad. Sci. USA 
82: 5756-5760. 

16. Rubin, B.Y., S.L. Anderson, S.A. Sullivan, B.D. W~amson, E.A. Carswell, 
and L. J. Old. (1985) High affinity binding of !-labeled human tumor 
necrosis factor (LuKII) to specific ce11 surface receptors. J. ~· Med. 
162: 1099-1104. 

III Molecular Cloning and Structural Characterization of Tumor Necrosis Factor 

17. Pennica, D., G.E. Nedwin, J.S. Hayflick, P.H. Seeburg, R. Derynck, M.A. 

18. 

Palladino, W.J. Kohr, B.B. Aggarwal, and D. V. Goeddel. (1984) Human 
tumour necrosis factor: precursor structure, expression and homology to 
1ymphotoxin. Nature ~: 724-729. 

Aggarwal, B.B., W.J. Kohr, P.E. Hass, B. Moffat, 
Henzel, T.S. Bringman, G.E. Nedwin, D.V. Goedde1, 
(1985) Human tumor necrosis factor. Production, 
characterization. J. Bioi. Chern. 260: 2345-2354. - --

S.A. Spencer, W.J. 
and R.H. Harkins. 
purification, and 

19. Shirai, T., H. Yamaguchi, H. Ito, C.W. Todd, and R.B. Wallace. (1985) 
Cloning and expression in escherichia coli of the gene for human tumour 
necrosis factor. Nature 313: 803-806. --

20. 

--- --
Wang, A.M., A.A. Creasey, M.B. Ladner, L.S. 
Van Arsdell, R. Yamamoto, D.F. Mark. (1985) 
complementary DNA for human tumor necrosis 
149-154. 

Lin, J. Strickler, J.N. 
Molecular cloning of the 

factor. Science 228: 

21. Fransen, L., R. Muller, A. Marmenout, J. Tavernier, J. Vander Heyden, 
E. Kawashima, A. Cho11et, R. Tizard, H. Van Heuverswyn, A. Van Vliet, M-R. 
Ruysschaert, and W. Fiers. (1985) Molecular cloning of mouse tunour 
necrosis factor eDNA and its eukaryotic expression. Nucleic Acids Res. 
13: 4417-4429. 

IV Antimalarial Action of Tumor Necrosis Factor 

22. Clark, I.A., J-L. Vire1izier, E.A. Carswell, and P.R. Wood. (1981) 
Possible importance of macrophage-derived mediators in acute malaria. 
Infection and Immunity 32: 1058-1066. 

23. Haidaris, C.G., J.D. Haynes, M.S. Meltzer, and A.C. 
Serum containing tumor necrosis factor is cytotoxic for 
parasite plasmodium falciparum. Infection and Immunity 

Allison. (1983) 
the human malaria 
42: 385-393. 



10 

24. Playfair, J.H.L., J. Taverne, and N. Matthews. (1984) What is tull'our 
necrosis factor really for? Immunol. Today 2: 165-166. 

25. Taverne, J., N. Matthews, P. Depledge, and J.H.L. Playfair. (1984) 
Malarial parasites and tumour cells are killed by the same component of 
tumour necrosis serum. Clin. ~· Immunol. 57: 293-300. 

26. Wozencraft, A.O., H.M. Dockrell, J. Taverne, G.A.T. Targett, and J.H.L. 
Playfair. (1984) Killing of human malaria parasites by macrophage 
secretory products. Infection and Immunity 43: 664-669. 

V. Metabolic Effects of Tumor Necrosis Factor on Adipose Tissue (Cachectin) 

27. Rouzer, C.A., and A. Cerami. (1980) Hypertriglyceridemia associated with 
trypanosoma brucei bruce! infection in rabbits: Role of defective 
triglyceride removal. Mol. Biochem. Parasitology 2: 31-38. 

28. Kawakami, M., and A. Cerami. (1981) 
decrease in lipoprotein lipase activity. 

Studies of 
_::!. ~· Med. 

endotoxin-induced 
154: 631-639. 

29. Green, H., and 0. Kehinde. (1974) 
accumulate lipid. Cell 1: 113-116. 

Sublines of mouse 3T3 cells that 

30. 

31. 

32. 

Green, H., and M. Meuth. (1974) 
its differentiation in culture. 

An established pre-adipose cell line and 
Cell 3: 127-133. ---

Green, H., and 0. Kehinde. (1975) 
and its differentiation in culture. 
conversion. Cell 5: 19-27. 

Wise, L.S., and H. Green. (1978) 
the adipose conversion of 3T3 cells. 

An established preadipose cell line 
II. Factors affecting the adipose 

Studies of lipoprotein lipase during 
Cell 13: 233-242. 

33. Kawakami, M., P.H. Pekala, M.D. Lane, and A. Cerami. (1982) Lipoprotein 
lipase suppression in 3T3-L1 cells by an endotoxin-induced mediator from 
exudate cells. Proc. Natl. Acad. Sci. USA 79: 912-916. 

34. Pekala, P.H., M. Kawakami, C.W. Angus, M.D. Lane, and A. Cerami. (1983) 
Selective inhibition of synthesis of enzymes for de novo fatty acid 
biosynthesis by an endotoxin-induced mediator from exuda~ells. Proc. 
Natl. Acad. Sci. USA 80: 2743-2747. --- --- --- --- -

35. Hotez, P.J., N. Le Trang, A.H. Fairlamb, and A. Cerami. (1984) Lipopro
tein lipase suppression in 3T3-L1 cells by a haematoprotozoan-induced 
mediator from peritoneal exudate cells. Parasite Immunol. 6: 203-209. 

36. Pekala, P.H., S.R. Price, C.A. Horn, B.E. Hom, J. Moss, and A. Cerami. 
( 1984) Model for cachexia in chronic disease: Secretory products of 
endotoxin-stimulated macrophages induce a catabolic state in 3T3-L1 
adipocytes. Trans. of the Assoc. of American Physicians 97: 251-259. 

37. Beutler, B., J. Mahoney, N. Le Trang, P. Pekala, and A. Cerami. (1985) 
Purification of cachectin, a lipoprotein lipase-suppressing hormone 
secreted by endotoxin-induced raw 264.7 cells. J. ~· Med. 161: 
984-995. 



38. 

39. 

Mahoney, J.R., Jr., B.A. Beutler, N. Le Trang, W. Vine, Y. 
Kawakami, and A. Cerami. (1985) Lipopolysaccharide-treated 
cells produce a mediator that inhibits lipoprotein lipase 
cells. J. Immunol. 134: 1673-1675. 

11 

Ikeda, M. 
raw 264.7 
in 3T3-Ll 

Beutler, B., D. Greenwald, J.D. Hulmes, M. 
Mathison, R. Ulevitch, and A. Cerami. (1985) 
factor and the macrophage-secreted factor 
552-554. 

Chang, Y.-C.E. Pan, J . 
Identity of tumour necrosi s 
cachectin. Nature 316: 

40. Torti, F.M., B. Dieckmann, B. Beutler, A. Cerami, and G.M. Ringold. 
(1985) A macrophage factor inhibits adipocyte gene expression: An in 
vitro model of cachexia. Science 229: 867-869. 


