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Human tumors of mesenchymal origin contain cytoplasmic structures resembling 
ribonucleoprotein strands of paramyxoviruses. Similar structures have  previ- 
ously been reported in collagen diseases. The nature and function of these 
structures remain unresolved. 

HE COMPARISON OF EXPERIMENTALLY IN- T duced tumors of animals and naturally 
occurring tumors of man lacks valid criteria. 
One discrepancy concerns the viral etiology of 
animal and human malignant neoplasms. In 
certain animal tumors, such as murine leu- 
kemia, sarcoma, and mammary carcinoma, 
RNA-containing type C and type B virus par- 
ticles occur in large numbers. Bioassays have 
irrefutably proved that these virus particles 
are the causative agents of these tumors.7821. 
27,32 In  some other types of experimental tu- 
mors, no mature virions appear but there is 
oncogenic viral DNA incorporated into the 
genome of the host cell.9 Not only DNA- but 
also RNA-containing viruses may exist in the 
neoplastic cells in the form of subviral struc- 
tures.lG Cell-fusion, heterokaryon formation, 
and “rescue” by a helper virus may be needed 
for the maturation of the subviral structures 
into complete ~irions.16.28~29 

Most human tumors when examined in the 
electron microscope or tested in bioassays ap- 
pear to be devoid of mature virions. Extensive 
search is required to find a few elusive virus- 
like particles in human tumors. Herpes, 
adeno- and reoviruses, as well as elementary 
bodies of mycoplasma, occasionally occur in 
human tumors probably as passengers and not 
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as etiologically important agents.1~8~20 Occa- 
sionally, type C and related virus-like particles 
were found in neoplastic tissues deriving from 
human leukemia, lymphoma, and sarcoma.8J6 
The  number of these particles rapidly dimin- 
ishes in cells cultured in vitro; thus, these virus- 
like particles have never been identified as the 
human counterparts of oncogenic type C vi- 
ruses of animals. On the contrary, culturing in 
vitro, particularly of lymphoid cells deriving 
from human lymphoma and from other lym- 
phoproliferative entities, results in the rapid 
increase in the amount of a herpes-type ( E p  
stein-Barr) virus.22 

Very little attention has been paid in the 
past to the existence of subviral structures in 
tumor cells of man. Preliminary findings 
concerning such structures, however, have re- 
cently been reported by Stewart36 who ob- 
served the occurrence of filamentous struc- 
tures and budding type Clike virus particles 
in tissue cultures of human liposarcoma and 
Hodgkin’s disease. In  the latter case, these 
structures were identified later as ribonucleo- 
protein strands of simian paramyxovirus 5.37 

Lymphoid cells grown in culture from pa- 
tients with infectious mononucleosis4 or from 
idiopathic thrombocytopenic purpura32 occa- 
sionally contain lattice-like arrangements of 
short strands which, in cross section, appear as 
aggregates of small virus-like particles. The 
viral nature of these latter structures have 
been questioned; the structures were pre- 
sented also as cellular elements.2.3 

Thus, merely morphological studies failed 
to determine in most instances whether the 
filamentous structures represented viral nu- 
cleoprotein strands or cellular material. If the 
structures are of viral derivation, it remains 
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unresolved whether these structures are com- 
ponents of a passenger virus or of a virus 
etiologically related to the induction of mes- 
enchymal tumors of man. Thus, the need for a 
complex study has become evident. Such a 
study should deal with the occurrence and 
morphological features of these hypothetically 
subviral structures, and it should encompass 
attempts at isolation and identification of 
these structures as well as bioassays to  estab- 
lish whether the structures possess any onco- 
genic potency or not. T h e  present paper is a 
preliminary report on morphological observa- 
tions concerning structures that may be of 
viral derivation, as found in biopsies and tis- 
sue cultures of human tumors of mesenchymal 
origin. 

MATERIAL AND METHODS 

Specimens of tumors: Twelve tumor biop- 
sies (3 rhabdomyosarcomas, 3 liposarcomas, 2 

chondrosarcomas, 1 osteosarcoma, 1 fibrosar- 
coma, 1 neurofibrosarcoma, and 1 Kaposi’s sar- 
coma) and 12 primary tissue cultures O€ tu- 
mors (8 rhabdomyosarcomas, 2 chondrosarco- 
mas, 1 fibrosarcoma, and 1 osteosarcoma) were 
examined electron microscopically. 

Electron microJcopy: Finely minced freshly 
biopsied tumor tissue or cultured cells dis- 
persed by trypsinization or scraping were 
placed immediately in glutaralclehyde, post- 
fixed in osmic acid, dehydrated in graded se- 
ries of ethanol, embedded in Epon Araldite, 
cut with an LKB ultratome, stained with ur- 
any1 acetate followed by lead citrate, and ex- 
amined in an RCA 3G electron microscope. 

Tissue cziZtures: Finely minced fresh tumor 
biopsy material was placed in glass T flasks 
under perforated cellophane membrane antl 
incubated in Ham’s FIO medium containing 
20% heat inactivated fetal calf serum, penicil- 
lin G ?00u/ml, streptomycin 100 pg/nil, antl 
Lanamycin 115 pg/ml. Cultured cells were 

F I G .  1 .  Mature virus-like particles in primary tissue culture of rhabdomyosarcoma from the 
breast of a 42-year-old woman. T h e  virus-like particles have double membranes, electron-dense 
core and diameters of 120 mp (Electron microscopy, x85,W). 
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itansferred to new cultures or harvested for 
~norphological studies by trypsinization or by 
scraping. 

RESULTS 
0 ccu r w n  cc of a pparen  t 1y .m buirn 1 st T Z I  c- 

tiires: Of 12 biopsietl tumors, all the 3 
r-liabdomyosarcomas and 3 liposarcomas, 1 os- 
t eosarcoma, 1 fibrosarcoma, and 1 Kaposi’s sar- 
coma contained filamentous and tubular cyto- 
plasmic structures. T h e  2 chontlrosarcomas 
arid the neurofibrosarcoma, however, in the 
biopsy material examined up to this time, 
liave failed to reveal such structures. In  4 of 8 
primary tissue cultures of rhabdomyosarcoma, 
similar structures were found. T h e  same find- 
ings were obtained in the tissue cultures of 1 

osteosarcoma, 1 fibrosarcoina, and 1 chondro- 
sarcoma. 

T h e  discovery of the structures required ex- 
tensive search; several sections of each speci- 
mens and several liiintlretls of fields were ex- 
amined. T h e  distribution of the structures was 
found to be quite irregular; in some sections, 
it was easy to find the structures, whereas 
other sections of the same specimen were de- 
void of them. Small clusters of mature virions 
were seen only exceptionally in the specimens 
examined (Fig. 1);  these findings will be re- 
ported elsewhere after lurtlier studies. 

Normal kidney, skin, and leukocytes were 
examined for the presence of similar struc- 
tures. Extensive search involving a total of 50 
tissue specimens yielded negative results. 

FIG. 2. Cytoplasmic network of tubular structures in the biopsy material from a patient with 
rhabdomyosarcoma (Electron microscopy, X90,OOO). 
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Morphological description of the stnrctures: 
The  filamentous and tubular structures are lo- 
cated in the cytoplasm in aggregates of vary- 
ing sizes. The  aggregates may be membrane- 
bound. In  the case of the Kaposi’s sarcoma, 
the structures were found between the nuclear 
membranes. The  filaments measure 200-220 A 
in diameter and up  to 1000 A in  length. In 
cross sections, the curved filaments appear as 
both electron-dense or lucent round bodies 
(Figs. 2-4). 

DISCUSSION 
Further studies are needed to determine the 

nature and significance of these structures. It 
is uncertain whether the structures as found 
in different tumors are of the same type. 
While some of these structures closely resem- 
ble unenveloped ribonucleoprotein strands of 
paramyxovir~i~es.~~ other slightly different, i.e., 
smaller, structures, particularly those appear- 

ing in cultured lymphoblasts,’s32 are thought 
to represent cellular material.2JaG During the 
replication of parainfluenza virus type 2 in 
HeLa cells, cytoplasmic areas containing a 
dense network of filamentous structures with- 
out mature virions were seen.19 I t  was postu- 
lated that the viral capsid is acquired when 
the viral nucleoprotein strands are assembled 
beneath the cell membrane and the virus par- 
ticles pass through the cell membrane by a 
budding process.*Q I t  is compatible with this 
view that the filamentous structures described 
in  this report occur at cytoplasmic sites where 
replication of viral nucleoprotein takes place. 

Myxoviruses and type C oncoRNA viruses 
display morphological resemblances, thus 
some of the structures described herein may 
represent ribonucleoprotein strands of a 
human oncogenic virus of the type C or re- 
lated class. Type C viruses have recently been 
incriminated in  the causation of human 

FIG. 3. Interwoven tubular structures in the cytoplasm of a cell grown in primary culture 
from a biopsied fibrosarcoma (Electron microscopy, ~47,500). 
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FIG. 4. Cytoplasmic tubular structures appearing in biopsied sample of Kaposi’s sarcoma (Elec- 
tron microscopy, ~47,500). 

sarcomas.11323 In tumors caused by Rous sar- 
coma virus in primates, crystalline and fila- 
mentous cytoplasmic structures somewhat sim- 
ilar to those reported in  this paper have been 
found.24 

T h e  occurrence of quite similar structures 
in collagen diseases of man, particularly, as 
first shown by us, in systemic lupus erythemato- 
sus,13817,1*,33 polymyositis,5~’0 Sjogren’s syn- 
drome,:{o and discoid lupus,14 indicates that 
these structures are not confined solely to tu- 
mors. The  ribonucleoprotein composition of 
tlie filmientous strands found in lupus was 
shown by digestion with RNAase.12 Isolation 
of  vii  ‘11 agents failed from biopsy materials 
containing the filamentous structures.10 Thus, 
it was aljo proposed that similar strands rep- 
resented cellular and not viral elements.“SJ’.25 
Even if these structures are of viral derivation, 
a5 we ha\e  proposed,13131*3a it remains to be 
determiiied whether they play the role of a 
passenger or of an initiator in collagen dis- 
eases arid in mesenchymal tumors. Members 
a f  the orthomyxo- and paramyxovirus groups 

may elicit or  aggravate “autoimmune” reac- 
tions by endowing the host cells, in which viral 
components replicate with “neoantigenic” 
features; thus, subviral structures may be of 
great etiological significance in collagen dis- 
eases.34 Paraniyxovirus and coronavirus-like 
structures have recently been found associated 
with viral hepatitis,l5,3*,39 but it remains to be 
determined whether these structures play the 
etiologic role or act only as passengers. Auto- 
immune sequelae of viral hepatitis are well 
known; tlie harboring of subviral structures 
within parenchymal liver cells could explain 
snch “autoimmune” reactions. 

T h e  structures described in this paper may 
represent unenvelopecl ribonucleoprotein 
strands of an ubiquitous virus which is widely 
spread in human populations and seldom 
reaches full maturity. It is evident that further 
morphological observations, in addition to vi- 
rologic, serologic, and biologic studies, are 
needed in order to elucidate the significance 
of these filamentous structures in mesenchy- 
ma1 tumors of man. 



1454 CANCER June 1971 

REFERENCES 

Vol. 27 

1. Bell, T. M., Massie, A,,  Ross, M. G .  R., Simpson, 
D. I .  H., and Grifin, E.: Further isolations of reovirus 
type 3 from cases of Burkitt's lymphoma. Bri t .  Alerl. J .  

2. Chandra, S.: tlndulating tubules associated with 
endoplasmic reticullnu in pathologic tissue. Lab.  I n -  
ves t .  18:422428, 1968. 

3. Chandra, S., Moore, G .  E., and Brandt, P. M.: 
Similarity between leukocyte cultures from cancerous 
and noncancerous human subjects: an  electron niicro- 
scopic study. Cancer Res. 28: 1982-1989, 1968. 

4. Chessin, L. N., Glade, P. R., Kasel, J. A,,  Moses, 
H. L., Herberman. R. B., and Hirshant, Y.: T h e  circu- 
lating lymphocyte. Its role in infectious mononucleosis. 
A n n .  Intern.  Mrd. 69:333-359, 1968. 

5.  Chow, S.  M.: Myxovirus-like structures accompa- 
nying nuclear changes in chronic polymyositis. Arch .  
Pa th .  86:649-658, 1968. 

6. DeMartino, C., Accini, L., Andres, G.  A,, and 
.4rchetti. I.: Tubular structures associated with the 
endothelial endoplasmic reticulum in glomerular cap- 
illaries of Rhesus monkey and nephritic man. 2. 
Zelljorsch. 97:502-511, 1969. 

7. DeOme, K. B., and Nandi, S.: T h e  mammary 
tumor system in mice, a brief review. I n  Viruses Induc- 
ing Cancer, W. J.  Burdette. Ed. Salt 1.ake City, Univer- 
sity of Utah Press, 1966'; pp. 127-137. 

8. Dmochowski, L.: Viral studies in human leukemia 
and lymphoma. In  Proceedings of International Con- 
ference on Leukemia-Lymphoma, C. J. D. Zarafonetis, 
Ed. Philadelphia Lea & Febiger, 1968; pp. 97-113. 

9. Eckhart, W.: Transformation of animal cells by 
oncogenic DNA viruses. Phys. Re71. 48:513-533, 1968 

10. Feorino, P. M., Hierholzer, J. C., and Norton, W. 
L.: Viral isolation studies of inclusion positive biopsy 
from human connective tissue diseases. Arth .  Rhettm. 
13:378-380, 1970 

11. Finkel, M. P., Biskis, V. O., and Farrell, C.: Path- 
ogenic effects of extracts of human osteosarcomas in  
hamsters and mice. Arch. Path. 84:425-428, 1967. 

12. Gyiirkey, F., and Gyiirkey, P.: Reu. M e d .  1215- 
20, 1971. 

13. Gyiirkey, F., Sinkovics, J .  G., Min, K. W., and 

1:1514-1517, 1966. 

;)orkey, . " P.: Systemic lupus erythernatosus antl myxovi- 
1'11s. New Eng. J .  Med.  280333, 1969. 

14. Hashimoto, K., and Thompson, D. F.: Discoid 
Iupns crgthematosus. Electron microscopic studies of 
paramyxovirns-like structures. Arch.  Derin. 101 :565- 
577, 1970. 

15. Holmes, A. W., Dcinhardt, F., Harris, W., Ball, 
F. and Cline, G.: Coronaviiuscs and viral hepatitis. J .  
C'lfn.  Inirest. 49:45a, 1970. 

16. Huebner, R .  J.,  and Todaro, C .  J.: Oncogenes of 
RNA tumor viruses a s  determinants of cancer. Ptoc.  
N r r t .  Acad.  Sci. 64: 1087-1094, 1969. 

17. Hurd, E., Eigenbroclt, E., %iff, M., antl Strunk, 
S. W.: Cytoplasmic tubular sturctures in kidney biopics 
in systemic lupns erythematosus. Arthritis Xlreuin. 

18. Kawano, K., Miller, L., and Kinimelstiel, P.: Vi- 
rus-like stuctures in lupus erythematosus. Neal Eng.  J .  
M e d .  281:1228-1229, 1969. 

19. Kuhn, N. O., and Harford, C. G.: Electron mi- 
cro5copic examination of cytoplasniic inclusion bodies 
in cells infected with parainflnenza virus type 2. Viral- 

20. McAllister, R. M., and Goodheart, C. R.: l'iruses 

21. Moloney. J. B.: T h e  murine leukemias. Fed. 

12:541-542. 1969. 

00 21:527-530, 1963. 

and cancer. Amer .  J .  Dis. Chi ld .  1u4:87-96, 1962. 

Proc. 21:19-31, 1962. 

22. Moore, G .  E., Kitamura, H., and Toshima, S.: 
Morphology of cultured hematopoietic cells. Cancer. 

23.  Morton, D. I.., Malmgren, R. A, .  Hall, W. T., 
and Shidlowsky, G.: Immunologic and virus studies 
with human sarcomas. Surgery 66:152-161, 1969. 

24. Mnnroe, J. S., Shipkey, F., Erlandson, R. A,,  and 
Windle, W. F.: Tumors intlnced in juvenile and adult 
primates by chicken sarcoma virus. N o t .  Cancer Inst .  
Monogra lh  17:365-388, 1964. 

25. Norton. W. L.: Endothelial inclusions in active 

22:245-267, 1968. 

lesions of systemic lupus c'r) thematosns. J .  Lab.  Clin .  
Merl. 24:369-379, 1969. 

26. Norton, W. L., Velayos. E.. and Robinson, L.: 
Endothelial inclusions in dermatomyositis. A n n .  
Rheum. Dis. 29:67-72, 1970. 

27. Rich, M. A,: \7irus-induced murinc leukemia. I n  
Experimental Leukemia, M. A .  Rich, Ed. New York, 
Appleton-Century-Crofts, 1968; pp. 15-49. 

28. Rowe, W. P.: Sonic interactions of defective ani- 
mal viruses. I n  Perspectives in \5rology, M. Pollard, 
Ed. New York/London, Academic Press, 1967; pp. 

29. Sarma, P. S., Voss, W., and Hnebner, R. J.: Evi- 
dence for the in vitro transfer of defective Rons sar- 
coma virus genome from hamster tumor cells to chick 
cells. Proc. Nat.  Acad. Sci.  55:1435-1442, 1966. 

30. Shearn, M. A., T u ,  W. H., Stephens, B. G., and 
Lee, J .  C.: Virus-like structures in Sjogren's syndroms. 
I.nncet 1:568. 1970. 

31. Sinkovics, J. G.: Working hypothesis: viral etiol- 
ogy of autoimmune diseases. New Eng. J .  Med.  280: 
903-904, 1969. 

32. Sinkovics, J. G., Gyiirkey, F., and Shullenberger, 
C. C.: A comparison of murine and human leukemia. 
In Symposium on Myeloproliferative Disorders, Battclle 
Memorial Institnte, Richland, Washington, 1968, W. J .  
Clarke, E. B. Howard, and P. L. Hackett, Eds. U.S. 
Atomic Energy Commission, 1970; pp. 186-218. 

33. Sinkovics, J. G., Gyorkey, F., and Thoma, C .  W.: 
A rapidly fatal case o'f systemic lupus erytheniatosus: 
structnres resemhling viral nncleoprotein strands in the 
kidney and activities of lymphocytes in  culture. Texas 
Rep. BioZ. M e d .  27:887-908, 1969. 

34. Sinkovics, J. G., Trnjillo, J. M., Pienta, R .  J., and 
Ahearn. M. J.: Leukemogcnesis stemming from autoim- 
mune disease. I n  Genetic Concepts and Neoplasia, The  
Twenty-third Annual Symposium on Fundamental 
Cancer Research, 1969, T h e  LJniversity of Texas M. D. 
Anderson Hospital and l 'nmor Institute at  Houston. 
Baltimore, Williams & Wilkins Co., 1970; pp. 138-190. 

35. Smith, J. W., Freeman, A.  I . ,  and Pinkel, D.: 
Search for viruses in childhood leukemia and rhabdom- 
yosarcoma. I n  Leukemia in Animals antl Man, H. J. 
Bendixen, Ed. Bihl. Haemat. 30:316318. 1968. 

36. Stewart, S. E.: T h e  isolation of myxo type virus 
from two h u n ~ a n  sarcomas. RiB1. Ilnerrint.  31:333-334, 
1968. 

37. Stewart, S. E., Mitchell, E. Z.. Whang, J. J., 
Dnnlop, W. R.,  Ben, T..  and Nomura, S.: Viruses in 
human tumors. I. Hodgkin's disease. J .  Nat. Cancer 
Ins t .  43:l-14, 1969. 

38. Taylor, P. E., Zuckerman, A. J., and Bird, R. G.: 
Virus like particles in liver disease patients' sera. Pre- 
sentation a t  the International Congress of Infectious 
Diseases, Vienna, 1970; and Interview in hled. Tr-ib. 
11/56:], 1970. 

39. Zuckerman, A. J., Taylor, P. E., and Almcida, J. 
D.: Presence of particles other than the Australia-SH 
antigen in a case of chronic active hepatitis with cir- 
rhosis. Brit. Aled. J. 1:262-264. 1970. 

123-1 32. 




