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ABSTRACT

The micro-complement fixation test was used to assay the potency and 

specificity of rabbit antisera to chromosomal antigens from Novikoff 

hepatoma and normal rat liver. The complement fixation titration patterns 

suggest the presence of only a few species of molecules bearing neochromatin 

antigens. A immunofluorescent technique was adapted to Novikoff hepatoma 

cells and resulted in the positive staining of Novikoff chromatin and 

negligible staining in normal rat liver cells.



BACKGROUND AND INTRODUCTION

Carcinogenesis can be defined as the process whereby normal tissue

is transformed into cancer tissue. It is this exact transformation which

is still puzzeling scientists today. Since Pott first published his paper 

in 1775 on soot as a carcinogen, the growth of cancer research has been 

immense and the results promising (13). This laboratory is dedicated in 

continuing the search for the facts that remain unknown.

When a normal cell enters the neoplastic state apparent characteristics 

arise. The cancer cell can be described as a rapidly dividing, invasive, 

and autonomous creature. Resulting from this abnormal development is a 

potentially lethal tumor. What action is involved when a normal cell 

undergoes carcinogenesis? Over the past 200 years there has been numerous 

attempts to explain this dramatic change. Several theories put forth include 

the irritation hypothesis, the embryonic theory, and the aging theory. Today 

two dominant theories exist; the somatic mutation theory and the epigenetic 

theory. Not any one theory has been able to accommodate the complete range 

of phenomena discovered (3,13,25).

The somatic mutation theory postulates that a single chromosomal or 

genic mutational event is the specific change responsible for carcinogenesis. 

Von Hansemann and Boveri (1890) were among the first to suggest that an 

abnormal chromatin complex was a significant characteristic of malignant 

cells. The somatic mutation theory implies irreversability. In addition 

to Boveri's Somatic Mutation theory Berenblum (1954) proposed a two-step 

model consisting of initiation and promotion to explain the malignant 

change. "The first step, initiation, is a specific, sudden, irreversible

change in a normal cell brought about by a carcinogen, and the second



2

or promoting step is slower, less specific, and probably reversible and

induces proliferation and possibly delayed maturation of the altered

initiated cell." The somatic mutation theory is supported by the evidence 

that most carcinogens are also mutagens. However, a few potent mutagens 

(such as nitrogen mustard) apparently are not carcinogenic. One of the 

serious difficulties of the somatic mutation theory is that mutation is 

known to be a comparatively rare event (13). The chromosomes of tumor 

cells and normal cells are often distinctly different, yet the changes 

are not uniform from tumor to tumor and there are many cases where there 

is no apparent genetic abnormality. The genetic damage ranges from single

gene mutations to gross chromosomal alterations (30).

The tumor problem has also been viewed as being one of "mis differentiation", 

in which the genome regulation involved in the neoplastic state is a caricature

of those involved in cellular differentiation. This view is termed as the 

epigenetic theory and is concerned with the persistant alterations in the 

expression of the genetic determinants in the nucleus, and not the changes 

in the basic genetic information as stated by the somatic mutation theory.

In contrast to the somatic mutation theory, the epigenetic mechanism implies 

that the neoplastic state is potentially reversible (4,30).

If epigenetic mechanisms are involved in the establishment and main

tenance of the tumorous state, then it must be shown that the nuclei of normal 

cells and tumor cells are genetically equivalent. If this is true then the 

normal cell contains all the genetic information required for the cancer 

phenotype and needs only to be persistantly activated and thus expressed.

This in fact has been shown. It had been demonstrated that the essential

properties that characterize the malignant state (e.g., unrestrained growth
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and ability to spread by invasion) are inherently present in normal cells 

and may be expressed in the absence of neoplasia. Melanoblasts, for example, 

migrate actively through tissues of a normal embryo, and the loss of control 

of cellular proliferation can be observed in psoriasis. An embryonal carcinoma 

cell has been shown to yield normal chimeric tissue on implantation into 

an early blastocyst and the blastocyst is then allowed to mature into a 

complete embryo in a recipient pseudopregnant mother (4).

Sequential stages of cellular differentiation probably act by repressing 

and derepressing genes and represent a stable heritable change. The epigenetic 

mechanisms is suggested by the fact that under particular conditions neoplastic 

cells and tumors can differentiate and cease to proliferate. This reversible 

process has been demonstrated in a number of organisms ranging from plant 

species to man. Several examples are: the Lucke adenocarcinoma of the 

leopard frog, the teratocarcinoma of the mouse, and the neuroblastomas in 

man. If differentiation and neoplasia are opposing processes, then induction 

of differentiation should reverse the growth of tumors (4,30). Simply,

the transformed cells could be made to redifferentiate and induced to enter 

permantly into the resting phase of the cell cycle so that tumor growth 

would be arrested (23).

With the epigenetic theory as a basic premise, we can assume that 

abnormal gene expression is activated during carcinogenesis. What are the 

mechanisms that underlie this modified genetic expression? To begin to 

understand this mystery we must take a closer look at the chromosomes.

With the aid of an electron microscope and biochemical techniques the 

fundamental structure of chromatin (condensed form of DNA with protein) 

has been determined. The chromatin fiber is composed of a flexible chain
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Fig. 5. Complement fixation by chromatin antigens with rabbit serum to 
dehistonized Novikoff hepatoma chromatin.

5 10 50 100
CONCENTRATION OF ANTIGEN p.q DNA/ml

[d. C. Miller (1979)]
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Plate 1. Novikoff hepatoma cell. (Mag. lOOOx)

Plate 2. Novikoff hepatoma cell treated with antiserum and subjected to 
indirect antibody fluorescent technique. (Mag. lOOOx)
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Plate 3. Normal rat liver cells treated with antiserum and subjected to 
indirect antibody fluorescent technique. (Mag. 500x)

Plate 4. Liver tumor cell (induced by AAF) and subjected to indirect 
antibody fluorescent technique. (Mag. 500x)
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DISCUSSION AND CONCLUSION

The positive staining of the Novikoff cell supports the concept of

chromatin neoantigens becoming present in a cancerous cell. If these

antigens are associated with an early event in neoplastic development then 

they may be useful as "markers" in following the evolution of hepatic

neoplasias. Immunochemical procedures are now being further developed

to define the molecular nature of the neochromatin antigen(s) and to explore 

their role in normal differentiation and carcinogenesis.

These findings suggest that immunological techniques may prove useful

in further defining of the molecular species bearing the antigenic propertie

and in clarifying their role in genome regulation.

These detectable antigens make it possible to develope a diagnostic

test. With the development of specific assays for the corresponding

antibodies cancers of the human body may possibly be detected in the blood.

This may enable the physician to detect tumors at an early stage.

The research in chromatin neoantigens is hindered by the fact

that, other than the work that is being performed by Dr. Timothy O'Connor, 

there has been a general lack of research in this area. Hopefully this

situation will be rectified in the near future.



21

ACKNOWLEDGEMENTS

I am indebted to Dr. Timothy O'Connor for his technical guidance and 

inspiring enthusiasm. Special thanks goes to Mrs. Ann Sedita and Greg 

Martin for their continued advice and support, and to Terri Vanisko for 

her patience and clerical work.

A special thanks is to be given to Dr. Jerry Baird who made all of this

possible.



REFERENCES

1. Andres, G. A. et al., Immunologic Techniques for the Identification of

Antigens or Antibodies by Electron Microscopy, In: Handbook of 

Experimental Immunology, D. M. Weir (ed.), Blackwell Scientific 

Publications, Oxford, England, pp. 34.1-34.45, 1973.

2. Bitensky, L., Histochemistry in Experimental Immunology, In: Handbook

of Experimental Immunology, D. M. Weir (ed.), Blackwell Scientific 

Publications, Oxford, England, pp. 33.1-33.18, 1973.

3. Braun, A. C., The Story of Cancer, Addison-Wesley Publishing Co., London,

England, pp. 1-300, 1977.

4. Braun, A. C., Differentiation and Dedifferentiation, In: Cancer 1:

A Comprehensive Treatise, F. F. Becker (ed.), Plenum Press, New York, 

NY, pp. 3-20, 1975.

5. Busch, R. K. et al., Rabbit Antibodies to Nucleoli of Novikoff Hepatoma

and Normal Liver of the Rat, Cancer Research 34: 2362-2367, 1974.

6. Chiu, J.-F. et al., Methods for Selective Extraction of Chromosomal

Nonhistone Proteins, In: Chromatin, G. S. Stein (ed.), Plenum Press,

New York, NY, pp. 283-296, 1973.

7. Chiu, J.-F. et al., Tissue-Specific DNA-Protein Complexes During Azo

Dye Hepatocarcinogenesis, Cancer Research 35: 913-919, 1975.

8. Chytil, F., Immunochemical Analysis of Nonhistone Proteins, In:

Chromatin, G. S. Stein (ed.), Plenum Press, New York, NY, pp. 123-141,

1973.

9. Chytil, F. and T. Spelsberg, Tissue Differences in Antigenic Properties

of Non-Histone Protein-DNA Complexes, Nature New Biology 233: 215-218,

1971.



10. Cooper, T. J., Immunochemical Technique, In: The Tools of Biochemistry,

Wiley Interscience, New York, NY, pp. 256-308, 1977.

11. Felsenfeld, G., Chromatin, Nature 271: 115-122, 1978.

12. Goldman, M., Fluorescent Antibody Methods, Academic Press, London,

pp. 1-303, 1968.

13. Heiger, I., Carcinogenesis, Academic Press, London, pp. 1-30, 1961.

14. Holland, S. M., Work performed at Argonne National Laboratory, 1979.

15. Jacob, F. and J. Monod, Genetic Regulatory Mechanisms in the Synthesis

of Proteins, Journal of Molecular Biology 3: 318-356, 1961.

16. Johnson, G. D. and E. Holbrow, Immunofluorescence, In: Handbook of

Experimental Immunology, D. M. Wier (ed.), Blackwell Scientific 

Publications, Oxford, England, pp. 18.1-18.20, 1973.

17. Levine, L., Micro-Complement Fixation, In: Handbook of Experimental

Immunology, D. M. Wier (ed.), Blackwell Scientific Publications,

Oxford, England, pp. 22.1-22.8, 1973.

18. Manual of Histologic and Special Staining Techniques, Armed Forces Institute

of Pathology, McGraw-Hill Book Co., New York, NY, pp. 1-204, 1960.

19. Murushige, K. and J. Bonner, Template Properties of Liver Chromatin,

Journal of Molecular Biology 15: 160-174, 1965.

20. Miller, D. C., Work performed at Argonne National Laboratory, 1979.

21. O'Connor, T. E. et al., unpublished work, 1979.

22. Oudet, P. et al., Electron Microscopic and Biochemical Evidence that

Chromatin Structure is a Repeating Unit, Cell 4: 281-300, 1975.

23. Roitt, I., Essential Immunology, Blackwell Academic Publications, Oxford,

pp. 1-324, 1971.

24. Rovera, G., DNA-Nucleoproteins, In: Cancer 1: A Comprehensive Treatise,

F. F. Becker (ed.), Plenum Press, New York, NY, pp. 405-420, 1975.



25. Shimkin, M. B., Science and Cancer, U. S. Department of Health, Education,

and Welfare, Washington, DC, 1-14, 1973.

26. Stein, G. S. et al., Chromosomal Proteins in Transformed and Neoplastic

Cells: A Review, Cancer Research 38: 1181-1201, 1978.

27. Stein, G. S. et al., Non-Histone Chromosomal Proteins: Their Role in

the Regulation of Histone-Gene Expression, Biochemical Soc. Symp.

42: 137-163, 1977.

28. Vogt, P. K., Immunofluorescent Detection of Viral Antigens, In:

Fundamental Techniques in Virology, K. Habel (ed.), Academic Press,

New York, NY, pp. 316-326, 1969.

29. Wakabayashi, K. and L. Hnilica, The Immunospecificity of Nonhistone

Protein Complexes with DNA, Nature New Biology 242: 153-155, 1972.

30. Wolman, S. R., and A. Horland, Genetics of Tumor Cells, In: Cancer 1:

A Comprehensive Treatise, F. F. Becker (ed.), Plenum Press, New York,

NY, pp. 155-196, 1975.

31. Yeoman, L. D. et al., A Fetal Protein in Chromatin of Novikoff Hepatoma

and Walker 256 Carcinosarcoma Tumors that is Absent From Normal and

Regenerating Rat Liver, Proc. Natl. Acad. Sci. USA 73(9) : 3258-3262,

1976.

32. Zardi, L. et al., Immunospecificty to Non-Histone Chromosomal Proteins of

Antichromatin Antibodies, Nature New Biology 245: 211-213, 1973.


